2 Septenber 2003 1 SPECI FI CATI ON NOVEL CARBONYL REDUCT??%i Gﬁgg THEREOF
<AND METHOD OF USING THE SAME 5 TECHNI CAL FIELD The pre<etftPls A& 8n
ref ates' to a novel polypeptide,. a. gene coding for the pol ypeptide, an
expression vector for the expression of the pol ypeptide, a transfornmant
obtained .10 by transfornation of a. .hostt using the expression vector, and
a production- nmethod of a conpound useful as a material for the synthesis
‘of nedicinal and other conpounds using the above transformant. In nore
detail, the invention relates to aSESIdIiHAdPtONe i sol ated from a
m cr oorgani sm having enzyne activity in asymetrically reducing
N-benzyl - 3- rrolidinone to produce (S)-N-benzyl-3--pyrrolidinol and.
havi ng such ﬁ%ﬁ%@% W@WEOO@ fISIE M YISO OF 315 ING
-expressi on vem gamgont ai ni ng the DNA, and a 20 transfornmant obtai ned by
transforpation using the expression vector. The present invention al so
. relates ?o_a production nethod of (S) -N-benzyl--3--pyrrolidinol . _
(S)-N--Benzyl -3-pyrrolidinol - is amenpewtd pugeful as an internediate. for.
.the synt hesi s of di ci nal conpounds 25 such as p-lactam antibiotics and-

“di hydr opyri di ne com§oBFES ENEACREROUNBNARE LRGN t8s & Re Velopedbeptisgehod of

.optically ad igeme (RN eRay lend RWIRldDHiRE, e s Jmtihnd WEeh for :
.conprises syntheS|z|ng-E;on1an Qptically active conpound and the nethod
mhrch'conprigﬂ% TR ddFmrlvberdyitichesi $1ems fopiiaddl obéadinedi on
starti ngow ty & miredoiralt icenpEUad holt SUHY aneldigbestol QRCIHIE76 -

-di scloses. a . productjon .metho ‘ X :
: . ind'a produé%lon-mé%hod-of a compound useful as a material

for the synthesis of médicinal 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 aéymmetrically réducing N-benZyl—B—
" pyrrolidinone to produce (S)—N—benzy143~pYrrolidinol_and,
having such enzyme activity, a DNA coding for the
‘ polypeptide, an expression vector containing'thé DNA, aﬁd a
'7>'2°. t;ansformant obtained by trénsformation using the
expression vector. The present invention also relates to é
production method of (S)-N-benzyl-3-pyrrolidinol.
(S} -N-Benzyl-3-pyrrolidinol is a compound useful as
an inte:mediate for the synthesis of medicinal compounds

25 such as B—lactam‘antibiotics and dihydropyridine compounds.

_ BACKGROUND 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



2 Septenber 2003 2 of optlcally actlve N—benzyl 3- pyrrol dlnol whi'ch
conprises stereoselectively redUC|ng N-benzyl - 3- pyr 1 ol i dPRBKRECERZGe
presence of . an-enzyne-.having act|V|ty I n stereosel ectively, redu0|ng-
this N benzyl -.3- pyrrolldlnone Further,’ JP-A-10- 1.50.997 discl oses -- a-
production nethod-of, optically active N henzyl - 3- pyrrolldlnol whi ch - ,
conpri ses treatlng N—benzyl 3- pyrrolidinone with a cell or a culture of a
m croorgani-sm or aT treated product thereof. However, these nethods are i

low, in attaihaytecaildst raaitﬂxf:eom@@jurf A0 AR d 1Y HOIE
substrate tq.the. -prodyc ence cannot be-put to ;q)ir%\gct@c%il cotﬁ[p Ses
SUMVARY ' OF Cﬁ%\%ﬁﬁ%ﬁ N-mﬁémﬂr@ ﬁmmmone in the -

Fmegmioed £ wﬂﬁghi I I
T orr g ro i &%MI{&] pyr ro I%: gglét)é (f%%%g%%ﬁ g’tzy( S)

pyrrolidino 0 enzyl -
- N benzyl - 3%6@1” 3&*’&& “‘gﬁﬁ”—“&é‘q %m&wd igromieci eRuryheandJRadelfow.

conpl et ed tﬁéoﬁ%seiitsolmmt |aorprddudt§c§p et of. danes 3;9% r&v%lnt ion’.
to provide e @&] t}de abl.e of -asymetrically reducin (%Enzyl
pyrrolldlnonent pro 550 %Rnﬂib@ﬁiﬂ Q?Wﬂﬁ%ﬁﬂﬁ(ﬁnﬁﬂtlngANMhanzyﬂn&ﬁn of-

the inventi mrmludlmmthh&t cellal yRept ida idd gent by Wddd gt he -
gene reconblgaglog %e%hno %I . A _further object of the Fventicon e to
provi de a transf orwa 858 ot D& RA-anBBWsF§T pr BHESE Ngethadshagh

| evel s, thaﬂcyoumpaptadaabne &ub@ti@%@tb@hd@@%&%& @l S se.'
activity ang,. ic %59'%nh%§%g%%%?%%

-N- benzyl - 3-py%$%nganF a§|n§ tﬁggractlcal ﬁé%g%%#kggngﬁh@eppggeﬁp N
i nventi on ch#prtéeelaupel.ypeptide in isolated or purified form haV|ng'the .
fol [ owi ng phy3|cochen1cal properties (1) to (5): R o
' SUMMARY OF THE INVENTION
The present inventors. found a mlcroorganlsmfderlved
polypeptlde Wthh asymmetrlcally reduces N-benzyl-3-
pyrrolldlnone to produce (S)—N~benzyl 3- pyrrolldlnol and :
found that (S)—N—benzyl 3—pyrrolldlnol can be’ produced
efflClently, and have now completed the present 1nvent1on.
‘It is an object of the present 1nventlon to prov1de a
polypeptlde capable of asymmetrically reduc1ng N—benzyl 3—
pyrrolidinone to produce (S)—N benzyl 3~pyrrolld1nol.
IAnother object of the 1nventlon is to produce that
polypeptlde efficiently utlllzlng the gene recomblnatlon
'technology A further object of the invention is to
prov1de a transformant capable of 31multaneously producing,
at hlgh levels, that polypeptide and a polypeptide hav1ng
,glucose dehydrogenase .activity and, further,‘prov1de a
practical production method of (3)-N- benzyl 3—pyrrolld1nol
using that transformant '
Thus the present invention comprises a polypeptide in isolated or
purified form, 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



(1) Action: It asynnetrlcally reduces N—benzyl 3 pyrrolldlnone to. roduce
(S)-N-benzyl -3-pyrrolidinol with 2 Septenber. 2003 lADPFI%§eP@”m@b me; .
(2) Cptlnun1act|on pH 4.5 to 5.5; (3). Optinum-action tenperature 40C to -

45C, (4) ' Mol ecul ar melght ' About 29,-000 As determined ,by 'gel . . - .
."filtration analysis, about 35, 000 as det er ni ned. - by. SDS- po. Iyacrylan1de
gel, el ectrophoresis: anaIyS|s 5). Inhlﬁitor ‘It is inhibited by the ..

di val ent copper i on, mhlch i 5 derived from a n1croorgan|sn1belong|ng to

t he genus %‘ % oe%rEgl the present invention'is a polypeptlde in.
i solated or~ pur| e orn1 e§cr|bed inthe-followi.ng (a) or (b):. (a)

A polypeptldé havOpgithe actionapHd seégBence5sbewn under SEQ T-D NO: 1-in
the sequenceahyi st y tide haV|ng 9.am ng'aci d sequence
-obtalnablequonfb%Qlan1ngégggé %gﬁﬁgﬁ U§ﬁbwn gnGngE B/ NOIl in the -
sequence I|§t|ngMb}e§uﬁeE|Wﬁngbm, i Abeuti DA, ooodabeaea@remﬂéarbgdgéguon of
one-or nore- d Vi ivity.-in .as trica

reduci ng N—fqg§%%§?%? §n%ﬁ§g|%d|%%ﬁﬁﬂf§ﬁ%§ﬁgf (%5 '
pyrrol|d|n§plyacruﬁﬁmeﬁﬂoge; Eﬂecnnesﬁmmresn&nﬁnaﬂysmympr|ses DNAs codlng_“

for these pqlsypep I .. al so; 0 i ted’

purified foggg coglhggB A oFy%%p%ﬁgggﬁ%aﬁuBY EgAnglgﬁi?Q t9°PHer
asymret ri caidny whieluisi ¢ﬁglwdtfemwl maﬁopsganmm Hclroogmgtim the @eneeMicrococcus.

(S) - N-- benzyl="3-py[; hgh noI hybridi zing with a havi n

nucl eot i de sequence § uﬂ‘(haleegren EFVHHS 23 A PHQP%&%ﬂ@eIF@gﬁﬂhQOUnder

stringent c#Hdfiedofesm,tesgribnd imtlies 66 ldd wiin () pw(bPl ed form coding for a

pol ypepti de (havi nfi . 881 v ri uci ng
N-benzyl . --é gﬁrrolgdlﬁgﬁgeggépP%¥ﬁc tgéggﬁ?%en%%l %&cedﬁﬁ8wn and

havi ng at ‘| B8SEreH8L §QqHQnéelPd§hﬁlﬁFQWEmWeahmﬁﬂL@@blde sequence shoun
under {b) A polypeptlde ‘having an amlno acid sequence

-obtainable from the amino acid sequence shown under. SEQ ID -
- NO:1 in the sequence listing by substltutlon, 1nsert10n,
X delet:.on and/or addltlon of one or more amino acids and -
: _ | hav1ng enzyme act1v1ty in asymmetrlcally reduc:.ng N
benzyl 3~pyrrolld1none to produce (S) ~N— benzyl 3-
‘pyrrolidinol. _

Furthermore, the present 1nvent10n comprlses DNAs .
coding for these polypeptides. Or, it also comprises a DNA in isolated
or purified form, 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 |
‘-having a nucleotide sequence shown under SEQ iﬁ NO:2 in the
sequence listing under stringent conditions, or a DNA in isolated or
purified form, coding for a polypeptide having enzyme activity in
'asymmetrically'reducing N-benzyl- 3—pYrrolidinone to produce
(S)~N—benzyl 3-pyrrolidinol, and havrng at least 60%
”sequence 1dent1ty with a nucleotide sequence shown under
SEQ ID NO:2 in the sequence listing.
Furthermore, it comprises an expression vector
,Contalnlng any of these DNAs and -a transformant contalnlng



SEQJID NO 2. in the sequence listing. Furthernore, it co sg&
expression vector -.containing any of these DNAs and--a ghis Pﬁ%ﬁp
containing 2 Septenber 2003 4 such expression vector. The present i nvention
al so conprises a production nethod of (S)-N benzyl-3-pyrrolidinol
‘conprising a step of reacting such transfgrmant and/or a. treated 5
product thereof with N-benzyl-3-pyrrolidinone, and a step of harvesting the-
‘'t hus- produced (S)-N benzyl- 3-pyrrolidinol. DETAI LED D SCLOSURE OF THE
| NVENTI ON 10sthaht &gpfebsovh ngecthe, present invention is described in
detail. First, the ol ypeptide, of the invention is described. The

‘ool ypept i de of the’ % RTYH HRVHZLPR BESP VFRRPTE peasy npeedichl by

reduci ng Nh&@ﬁmd%@ymmﬁ%é&@ﬂ@ll@ﬁ ppreseat adibyohpeiLorgul a (1) shown
bel ow t o produce (S) |_33B%% |d|nol represented by the formul a

(11). shown bel ow. (ﬁ'SeFN rFOFR df Femel ormept e@f Op0a3t trpted
(S) - N- Berszy| pBogpye t of heli eof wetlsu@rbmiypempg@romsiﬁoﬁey Bgqnentioned an

~enzyne- having the fol | ow si cochemni cal_ properties to (5. (1)
Action: It asymmet?iTeiR P ﬁg}ﬁpﬁ%%sﬂ%n -BES TFe SR e e nb%ﬂe ~Noberodlce

¥(S)-N—benzyl3€pymw¢lﬂ&ihm&ﬂ wi'th NADPH as a coenzyme; (2) Optimmaction ..
pH 4.5 to 5 - 5, (3) Optimum action tenperature: 400C to 450C; _
: | DETAILED DISCLOSURE OF THE INVENTION
10 ~ In the follow1ng, the present 1nvent10n is described
in detall '
First, the polypeptide of the invention is described.
The polypeptide of the invention has enzyme activity
in asymmetrically redueing N-benzyl-3-pyrrolidinone
15 represented by the formula (I) shown below to produce (S)-
' _N—benzyl—B—pyr:olidinol represented by the formula (II)
shown below.

(1)

N-Benzyl-3-pyrrolidinone



(4) ‘Mol ecul ar, weight: About 29,000 as deternined by gel 10 filtration
analysis, about 35,000 as deternined by -SDS--~ pol yacr A 2ffterebgfed003

el ectrophoresis analysis; (5) Inhibitor: It is inhibited by the divalent
.copper ~ion. In the present invention, the enzyme activity of the .15

- pol ypeptide is determ ned by. adding the sgbstrate N- benzyl 3-pyrrolidi none
(1 mvy, the coenzyne NADPH (0. 167 mV and™ the.enzyne to 100 nM phosphat e
buffer (pH 6.5) .and neasuring the decrease in absorbance at the wavel ength
340 nm at 300C. .20 The optinun1action pH and optinmum acti on tenperature
of the peptide are detg or exanple by varying the -reaction pH or
i \Qgrreasurerrent system and
\ tion analysis based
jnDIecuIar wei ght. off (2 Septe 2003 6 the peptide is- deter nﬁi '
.calculation fromthe\el ut¥on time relative/to those of ref e proteins
i'n gel filtration. 5- pol yacryl am de gel el ectrophoresis-- based
~mol ecular weight is det®€rnined by calculation from5 the nobility relative
"to those of .reference proteins in SDS-pol yacryl am de gel. el ectrophoresis.
The inhibitors are deter (EnedBdrylegappteobydadsii ng various conpounds to
t he .above reducing activity neasurenent system and nmeasuring the reducing
activity of 10, each conpound. The pol ypeptide of the invention can be
obtained from a mcroorgani smhaving an activity in asynmetrically.
reduci ng N-benzyl-3-pyrrolidinone to produce (S)-N benzyl- 3- pyrrolidinol.

”ThUS the m cr oor gani Skt GIB PSRt &S, thfere may be mentioned an enzyme
S having the following physicochemical properties (1) to (5).

(1) Action: It ésymmetrically reduces N-benzyl-3-
5 pyrrolldlnone to produce (S)-N- benzyl 3-pyrrolidinol with
NADPH as a coenzyme;
(2) Optimum action pH: 4.5 to 5.5;
{(3) Optimum action temperatufe: 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 iﬁvention, the enzyme activity of the

15 polypeptide is determined by adding the.substrate N-benzyl-
'3—pyrrolidinone {1l 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 eptimum 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



15. ‘source of the polypeptide is not particularly restricted but includes,
Jfor exanple, mcroorganisns belonging to the genus M c?é%ﬁ@%ﬂ@ﬁragg%ng _
whi ch the strain Mcrococcus |luteus |FO 13867 is particularly preferred.
‘"The m croorgani sm produci ng the pol ypeptide of the invention 20 may be a
wl-d strain or a nutant. O, a m'croorganésm obt ai nabl e by cell fusion or
by such a genetic nethod as gene mani pul ation may al so be used. A gene
“mani pul ated- m croorgani sm capabl e of producing the pol ypeptide of the
‘invention cathde &bt addets bye e RIS ORI S NG Aot AR 1% é)ﬁ?&&ﬁﬂ ng
and/or purifying such enzyne and determning a part or the whole 0f the
“anino acid s meeldhfedio hosg «pf ofefrren®s mrgtelmuciradde sequence
-coding for theltenzide, baged s@@—tpwya%?rﬁ%ﬂfaed g%qqlé%%%rogh% 1@

obtai ni ng .a nucl eotide sequence coding for the enzyne based 30 on that

‘ami no aci d SARRAMCLEHY 3 APt bbtderiyined et opbh ¢iaka t s rbormani sm
- by introgucitge thei NG el e veadiientssd o ANt halcdi crogrgani sm As for
-the culture medium for the mcroorgani sm2 Septenber 2003. 7 producing the
‘pol ypept i de V1> TRR Y3t abe ¥k riakScireRhRFe® f t ure nedi um containing .
-carbon sources, NiMHOGAIFAWHES ard HMEGGSE! (for UdARG WY raic?cﬁxﬁ;r and
S0 on can be_used provided that the m croorgani smcan grow thereon. The

“term "cul tur‘@"blfouc%é:cfﬁ&ﬁm%d%ﬂ site APUGRF§ICindiacEipeichy i cation neans -
~cells of thendd oot S8 n aand Yidaer fAdli the bl NP such, g8} lss The
"treat eg product thereof" neans an extract or purified product obtained
“from thE cetdd OB cr oor gani smor a culture fluid 10 contai ning such.

"cells by extracti ahe melividepadiiden off t3eiTe nwithelor r@at BN obtEig RO RePt i de

of ‘the inventian can be purified from o : . '
, ~d microorganism having an activity in asymmetrically

- reducing N—benzyl—B—py;rolidinone to produce (S)-N-benzyl-
3-pyrrolidinol. Thus, the microorganism to be used as the

--15. source of the polypeptide is not particularly restricted
but includes, for example, microorganisms belonging to the

- genus Micrococcus, among which the strain Micrococcus

luteus IFO 13867 is particularly preferred. The
microorganism producing the polypeptide of the invention
"20 may be a wild strain or a mutant. Or, a microorganism
cbtainable by cell fusion or by such.a genetic method as
gene manipulation may also be used. A gene manipulated
microorganism”quable of producing'the polypeptide of the
,invention_can be obtained by a method comprising a step of
25 isolating and/or purifying such enzyme and determining a
part or the whole of the amino acid sequence thereof, a
step of determining a nucleotide seqﬁence coding for thé
-enzyme based on that amino acid sequence, a step of
1 thaining 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 microorganisﬁ.

As for the culture medium for the microorganism



t he ‘m croorgani sm produci ng that polypeptide in the conventional nanner.
For exanple; cells of the 15 microorgani smare cultured ORCRRMEBFARY i at e
medium and cells are harvested fromthe culture fluid by centrifugation
The cells obtained are disrupted using a .sonicator, for instance, and the
‘cell. residue is renoved by centrifugation to give a cell-free extract.
The 20 pol ypeptide can be purified fromthis cell-free extract by -
applying, singly or i'n conbination, such techniques as salting out (€.q.

anmoni um sul i oy ' ; p i pi ion),,solvent
precipitati o%@%%%%{ﬁn&% %%%eﬁat] o%r%t; 2‘%9 %i @‘%%&)ﬁ{%& n%}g(g%%?ro%e%l%lt”n nol
or the 25 | iKedture ansdivn gertdininatd¢arhon oveexchangesl t cofjemmsources,

chr omat ograpjy, §&&@j@s rs ang; [ktration The pol ypepti de
of the.-inventi on_rmay éepﬁe?'nafﬂ‘%%?ﬁi%ynp %%%%?ﬁn%% #?oé#ac?ﬁa Fo0 Sg%‘%i sm as
‘ment ji-oned abRRY Bied neljabethe retens rean i snzgare. g¥ewW atlmtesml enzyne, there
.30 may. bg nenti onegha ROhYPERLIAE- ' he; r%le id se shown
~under ‘SEQ 1D NO1 in the sequence %]?ds/ft r{%lgé e %%ep [ dﬁgewg'g&?eclllem
Cinvention me et s Pl Byl ypaprane ¢rivi S hnthen micued tarisenTe 2

obt ai nabl ¢ feom - SopLerdakordOfthdle ATNSL4l, SAIERGSE SR R SEQ 1 D
"NO 1 in the sequence |listing by substitution, insertion, de et on and/ or
.addi tion of UMFRL RN Hd SRS AR R hhled ipyeuci tobtaingd from

asymet ri cal #iye resucd nge Nt@%ﬂér&%ﬁféﬁ!dﬂ'&%%@r&rfﬂ%& |
(S)-N-benzyl -3-pyrrolidinal. Such polypeptide can be prepared fromthe

pol ypeptPde CHEAIREIhSHR rfef bk &%WWWM&C@E@H DPINEImEn  t he
‘sgquence | i sétingr yrSareiese known net hod as described in Current Protocols
-in" Ml ecul.ar Biol John Wley and Sons, 10 Inc., 1989). The phrase
"havi ng enzyne ac?l%ﬁt 1P 45 d%}q yrpvention can be ‘purified from

the microorganism producing that polypeptide in the
_éonventiqhal manner. For example, cells of the |

15 - microorganism are cultured on an appropriate medium, and
cells are harvested from the culture fluid'by
centrifugation. The cells obtained are diSrupted'using'a
.sonicator, for instance, and the cell,residuelis removed by
centrifugation to give a cell-free extract. The

20 polypéptide 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 eniyme. 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 invéntion may also be a

polypeptide having an amino acid sequence obtainable from



reduci ng N-benzyl - 3-pyrrolidi none to pr oduce (S) N- benzyl rrolidi noI "
4s used herein to indicate that when the polypeptide w?ﬁﬁ%t%ﬁl’@ ANSE
'subjected to reaction with N 15 benzyl -3-pyrrolidi none under the :
above-mentioned reducing activity neasurement conditions, (S)-N benzyl-3- -
‘pyrrolidinol is produced in a yield not lgss than 10% prefer ably not |ess
than 40% nore preferably not |less than. 60% as conpared with the case
‘wher e the pol ypeptide having 20 the anmino acid sequence shown under SEQ ID °

"NO'l in the t}s@qa:eme A¢:ﬁdl§@qu§n¢§a§hoﬁfrbauﬁw\: odrdhepigyentivnchs
described - in_the yp][w %\IA of the invention may be any DNA codi ng
for 25 suchs%qu‘?ﬁ‘% 5 %sb%ﬁﬁ e ahRve. 1pseHEOBe %emorhaw ng the
nucl eoti de wm@mmmd@ro&% Chd¥Ee 2arhihot£@1<§§qah€£'%axbix§é' ng, or a

'DNAcodlngfor a po tlde aving enzyne activity in asymetrically
reduci ng N b8h Q a\{y%y ol i i rﬂfﬁ@”g ® XSfUpipeyPemzpir3ol i di nol |

and 30 hgbr |p:lyzzrd5@d\irtckné heo o diesd ngs) the-mx@ipqugyﬁ@@lyf@ﬁeol shown under -

SEQ ID NO 2 in th% (ﬁ_guegce | i st r stringent conditions. The term:
"DNA hybri di zi ng Wit %ga ZERATER Y TIHOND RALIRER T iRe

sequence shciwingjetrh@&@:lra) N i |§eq¢@§@q¢t&m@ uhd&t | $xgo unsleno st riﬂﬂgent
col o

condi tions" ans_ a i.nabl.e t he .t echni que

hybri di zat i oHC p?eaGdLheél%ei/g[r Sﬁi]z%ﬁ i%h %‘Yc%daut]ﬂé‘?‘ﬁ‘ HyB R %‘%z%ﬁl%‘?ﬁcﬁs‘?% ¥he -

" DNA 5 havi ng:ufmemcﬂmﬂmcdﬂ$aqummleacsmw BISES g pEQ 1k NO Pe ¥ Nand Mons,

- sequencql I |sJi_d‘p alsgsag)pr obe. More specifically, there may be nentione
DNA |dent|f| e carrying out hybridization using a filter with the

. colony. or pIaqueﬂﬂdemhnaﬁdJWhaunnymdnzymhté&ﬂxxmtyahmGﬁﬁmmmﬁﬂMtdmfpence
. 0 : reducing N-benzyl-3-pyrrolidinone to produce (S)-N-benzyl-
3- pyrrolldlnol” is used herein to 1ndlcate that when the
polypeptide in question is subjected'to‘reactidn with N-

15 benzyl~3—pyrrolidinone under the above-mentioned reducing
activity measurement conditions, (S)-N-benzyl-3-
pyrrolidinol is produced in a yield not less than 10%;
preferably not less than 40%, more preferably not less than_
60%, as compared w1th the case where the polypeptide having -

20 the amino acid sequence shown under SEQ ID NO:1 in the
sequence listing is uéed.

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—bénzyl—
3-pyrrolidinone to produce (S)—N—benzyl—B—pyrrolidinol,rand'

30 hybridizinq with the DNA haviﬁg the nucleotide‘Sequence
shown under SEQ ID NO:2 in theé sequence listing under
stringent conditions.

The term “DNA hybridizing with the DNA having the



10 0.7.to 1.0 MNaCl, and . then. washing the filter with a 0.1- to 2-fold
concentrated SSC solution (1-fold concentrated SSC sol dt3apierekarzfP3i ng 150
‘MM sodi um chl oride and 15 M sodiumcitrate)-at 65C. The hybridizati on can
be carried out according to the 15 nethod described in Ml ecul ar C oning,
A |l aboratory manual, second edition (Cold Spring Harbor' -Laboratory.Press,
1989) or elsewhere. The DNA of the inven?ion may be a DNA coding fora

pol ypepti-de havi ng enzynme activity in asymetrically 20- reducing

at Teatt oonh SebrehkIe G lte R Yt dladey Y A dICHbodn et 1y
‘nore preferablytimg ledst S0P spepencenddeidnsy, neins |lamue qpeiatably at
| Sast, 05% BUSnEE LASONL A SPSL RS SURLY ool PISL 8 Soavence
sequence | i shylmgidThet ter o seoueneen i ldgnt idyZatbans dénig titee town ,
the percont agt 10y ot SEREOERR S I S MR e o b it 11 T
‘sequences untdee soqpemdesohissinal il atpcbly. opldmaldpe drfiangilng tHheriawo
The came nucteairperu pid 4 R B8y EPS WP o PRP RSk brber 2003 10
in _bof[ h the ojtiedicast ik wiglimy a rﬁlm-wmwmmom o:ﬁcpn]fax[m:l:.-ng o
e s et BR S MR O DESSR R €U SR UGB 1P
foll owi 3§ 50{%.&% ¥t ¥apehc armhathyeri sraddning Bdse £G0G N scottsian 0 Package
(0P e ok RN SRR I fikor cILRDRASSS.
S SC solution comprising 150 mM sodium chloride and 15 mM
‘sodium citrate) at 65°C. | '
The hybridization can be carried out accdfding_to]the
15 method described in,Molecular Cloning, A laboratory manual,
.Second edition {(Cold Spring Harbor'Labdratory Press, 13989)
or elsewhere. . . _
The DNA of the invention may be a DNA coding for a
, polypeptide having enzyme activity in asymmetrically
20 reducing'N—benzyl—3~pyrrolidinone to produce (S)-N-benzyl-
3—pyrrolidinol and having at least 60% sequence identity,
preferably at least 80% sequence 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-sequehce 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 between 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



Drive Madison, Wsconsin, USA 53711; Rice, P. (. 1996) Progran1NhnuaI for
EGCG Package, Peter Rice, The Sanger 10 Centre, Hi nxton2rRfatemeeldifBdge,
CB10 1RQ England) and the ExPASy Wrld Wde Wb Ml ecul ar Bi ol ogy Server.
(Geneva University Hospital and University of Ceneva, Geneva,
Sw'tzerland). The DNA of the invention c be obtained froma 15

m croorgani sm havi ng enzyne activity in aymetrically reducing

N-benzyl - 3-pyrrolidinone to produce (S)-N benzyl- 3- pyrrolfdinol As -t he

i croor gani sy bb@hetﬂaysééueﬂeeélOaﬁdidiﬁﬁ %ﬁ@”?hﬁs~ arpaoﬁgﬁgéﬁ”B

bel onging to the genus M c¢rococcus and, particu erre
strain, 20 tﬁ%PEOHaynﬁePﬁﬁhF%gﬂédbyhéhgtFatﬁlwnémb@@c@ﬁsbaaeeusnﬂéo 13867.

In the f0||0@@ﬂ§ar§§oﬁ”§ﬂé'ﬂﬁﬂﬁlﬁiylﬁ@ Eﬁéhaqogien9b59'ﬂb69 tfig, DNA of the
i nvention froma-mcroorgani sm havin enzgne activity in asymmetrically

reducing N bBRZFYFSS Sd%QF%BY|9Pﬁoh@ Félﬁﬂ dted psjng Y the following

o\ benzs - StowLsotodi selubacedsastibed: Ehis! paBar thal yagtag.gei d sequence
e

of the purlfled 8 { 5 de and pep tide fragnments obtal na
di gestion of P#RkE 55 %F?%eMﬁPFﬁlaﬁoﬁthBpWFéF@nﬁgneﬁéﬁbéﬁﬁrdﬁsgsaoe

det er m ned b&,tﬂ@pE@ﬂB@rtﬁgg@}qggnegﬁ@s @BmﬁﬁEﬁraéﬁoﬁﬁntgeg'ﬁég haged on
t he t hus-obt ned&ﬁnlno aci d sequence_inforpation ﬁronnsowm

DNA of = the Hft¥H %h?%%1|@lﬁ?%ﬁéiﬁd PE8nPehat  nRéFBor Banil3AP6D Septenber f?

2003 11 mhuchrmgrameMa@uapef@f tbecaba¥RaBBIA, phyed ﬁQB&e”Th8”§£n gethod of
et al._ (Nucl”, Acids

- DNA |soI io e net hod of ,
Res. Q%%é S%b§¥£ %ﬁ%fth%aﬁhﬁ%ggeDNﬁBbplxggs Epﬁﬁﬁpg)céﬁﬁléheout
with t he ChEmmspnmd)rm\IM&SetWI@btI@ﬁpé@ﬁ@ai‘OBQBDb@_{LIYS@EﬁérOf(GéH@va -

- University Hospital and University of Geneva, Geneva,
‘Switzerland) . ' |
' The DNA of the invention can be_obtained from a
15 miéroorganism having enzyme activity in asymmetrically
| 4reducing‘N—benzyl—B—pyrrdlidinone to préduce (S} -N-beénzyl-
3-pyrrolidinol. As the microorganism, there may be
mentioned, for example, microorganisms belongiﬁg to the

- genus Micrococcus and, as a partiéularly preferred strain,

20 ‘there may be mentioned the strain Mlcrococcus luteus TIFO
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 (8) -N-benzyl-3-pyrrolidincl is
described. | '

First, partial amino acid sequence of the purified

polypeptide and of peptlde fragments obtainable by

. : dlgestlon of that polypeptlde with an approprlate

© 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,



ol ypeptide gene. Furt her, DNA probes are prepared by I|abelin rt of the
ltC)thE)'aI?rpl I fi gd_ pol ypepti de gene by conventional net hodsz,agefpé?mg‘?{%ﬂbe by 7
t he random pri ner | abeling nethod (Anal. Biochem, 132, 6 (1983)). The 10

chronosonal . ‘DNA of the microorganismis cleaved with an appr opriate
restriction enzyme, the restriction enzyng cleaved-fragments are inserted
into & vector and the resulting vectors are int roduced into appropriate
host - cells to thereby construct a DNA library of the microbial 15

chronosome. @cteleni ngtié  sGLscOHNGY | 18 asNoirs BAK! i BY QUEonPYntDELEP! Ony
hybri di zati on ation or like nethod using the above DNA

| r i di |
“pr obes, Mer%%@%g% ﬁ%}gt %?%fﬂblo?hef?)’él 9’5%%??—%eb§eﬁ]éeclaﬂtb.@dpgfai_ ned. The
nucl eotide Meruencet ohlt hentdus; obtaisere HNAe f 13geRs2 5001 859) g the 20 o

ol ypepti de -gene. can be detern ned. by the_dideoxy sequencing_ nethod or
gi d)éngp chai n° 187 n%h%t?e% vﬁeﬁ%dﬁ’rb‘?r TFhePtRkeS FRFTEKAnPIE, Wikhstkan be

“carried &ut cistorgosdieal ABTA PR Shﬂl@y@eﬁplm@at@ra@gi_g%%ﬁygn@fnghgeady
~Reaction Kit %’?Prc()ducé of Perkihn- |.mer)._and the ABI A DNA 25
Sequencer . ( PRONRT ot IPef RiHh: EI'TETY? S Trh N R o R (RSP aRe tasansf or mant
-of the presehbeliwvgnpaon @fetm@w:ldt%%ﬁquﬂfié'@ep@D?%@th@@egéﬁé‘ Pﬁ

' y inseriing the DNA of

' - - t, which is_ obtainable
the pracent S TRVERATEL HEBL e b n LS JBlCHRG TRAGRCRBINFRL o o

-host.. The vekimrling bectised (Ztal hiBigeigose nﬁ;y,- be anys»f) 'ht f’mﬁ;ti‘ cap?lﬁl e
of exprggsit _ ne-in appropriate .hosts. Qs such vector, ere
‘may bFe)_ %rfgnt' P%%\%cgfo?e%}ﬁgg%%l%f, %%3&%’5@%%”%%)@“1125 a ?%E?ﬁ?dw%%‘%t%?, phage
vector,  cosmrpraptiate etestiicign dezwmshuthé eryect DEt Tapadh 27106 gene

| ex_Fhange betygen o &l # £ 8haM: N05e SHIAL NS, 4 BOes 2l ltyécéélnjlghar\{gcél(ljé conpri ses

resulting vectors are introduced iﬁto appropriate host

- Cells to thereby construdt a DNA library of the miérobiai
15 chromosome. Screening of this DNA library is carried out
by the colony hybridization, plaque-hybridization or like
method using the above DNA prbbes, whereby a DNA éontaining
the.polypeptide gehe can be obtained. The nucleotide
' Sequence of the thus-obtained DNA fragment containing the
- 20 ‘polypeptide gene .can be determined by the dideoxy
seéuencing method or dideoxy chain'terminatibn method, or
the like. For example, this can be carried'out using the
ABI PRISM Dye Terminétor'Cycle*Seguencing Ready Reaction -
Kit'(product of Perkin-Elmer) and the ABI 373A DN&
25  Sequencer (product of Perkin-Elmer) .
| The expression.vector and transformant of the preésent
invention are now described. r
The enzyme gene can be expressed in the transformant
which is obtﬁinable 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,



such a regul atory factor as the lac Wb pronoter, trp prormter trc -
,prom)ter,gtac prgrrnter, | pp pronoter, tuf B pronoter, P?e%epﬁ(efbf?%’rﬁ@@ér or pL
pronoter, .and is suitably, used as an expression vector contai ning an
expression unit operatively connected to the DNA of the invention. The
term"regul atory factor" as used herein neans a .10 functional pronoter and
a nucl eoti de sequence having arbitrary rél ated transcrl ption el enents
(e.g. enhancer, CCAAT box, TATA box, SPI S|te etc.). The term

operativel S t he., DNA and var.i ous |
- regulatory )e érrent sifsu% %y %%Alf Br andc nrﬁ]a(%ce? St cat & the
_expression héex e@iu%tkjmcrmrt@gmmm ehchena ?}rsmat@e dp)@ittaée;]rve in a
‘host so that b SS I we to the .artisan
‘that the typefgﬁd speC| es o%etf%ﬁqfeggsl% (§Ir3/lﬁ’ acstucrh nay var Y Aedor§ithg to |
the host. 205Ush therdwstatony Hhitdr ars ekipe ebat diV Y eutanoteontfadmi ng t he
oser B e, Lerd BRGILL ORE Dol BeLe, Y NS SRI L PR

yeasts, filamentous fungi ani na
Escheri chi a Pxaidtems pred e?krzembmcmmevcer pﬂ'@rmwt@f tdtteilmlemnltcnibb;an 25 be

i ntroduced i Vi en cherl chi a. sol i
is used as t%%%}%?oé% h%a ﬁsf&?ﬁéﬁ%%% i onﬂgil}lg\égehl i cﬁ%%%rlllmjott he
same by the R A Ve Ieh | gmnRe e Howl, theorDiAhse fnidee Foremptootuci ng

(S)- N-benzyl 3- py o i+ ol hy, lﬁ%@ﬁﬁ!:iﬂéﬂ&ﬁ“ L?é%{f in means a
N benzyl - rroljdi none usi ng e 1 nvention, EY coenzyme such
as NAPDFioor japalk ééﬁﬁfﬁt@eﬁr m@rnu%ke%mql?lmce Heaviagti on .usi ng
an enzyme capsl e of f&%&l%ﬁé&m@%ﬂg%% 'éﬁ%&lpte”ber s
2003 13 reduced form (hereinafter referred to as coenzy
CCAAT box, TATA box, SPI site, etc.). -
- The term_“operatlvely connected” as used herein means
that the DNA and.'various regqulatory elements, such as
15 promoter and enhancer, which regulate the expression
enthereof are joined together each in a state operative in é_
host-solthat 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 be 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 aeymmetrically 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



regenerating ability) together with a substrate thereof, nanely conbining
_a.coenzyme regeneration systemw th the polypeptide of 23RPEMARERNZN, it
-is possible to markedly 5 reduce the consunption of the coenzyne, which is
expensive, Usable as the enzyne having coenzyne regenerating ability are,
for exanpl e, . hydrogenase, formate dehydrogenase, al cohol dehydrogenase,

al dehyde dehydr ogenase, - gl ucose- 6- phospﬁ t e dehydrogenase and gl ucose
‘dehydr ogenase.. d ucose 10 dehydrogenase is suitably used. \Wen a

transfor rrantr[g(ﬁg%%gf%bgg&é ENA. of . g he o b nvent i og, DNA coding for

-‘a pol ypepti de gllucose dehydrogenase activity 1s used, the above .
feaction carfegeneraiing dutlEy) diermihen wvhbuta sepestaraty theperfng an 15
enzyme havi ng, copp : | L1 ﬁgg%gggﬁ- -t he .
reaction system aﬁ%ﬁgﬁgﬁggggiq%%éﬁﬁf%#I%%g? ~al so 29€%$%?6§ ouf&%§ addi ng
“a coenzyne reQReREidm oSythemneenhioms et iroFebuke | bh maskedn
system -SUChre A @dSI04 NeagH e Hvn L Rt %ﬂﬁp 20
“.invention andea DNA . codi nsé fori%'jln S%nypep?? den%hgr?/(?'ng %%}r(l:gjgse eﬁlsﬂfr‘g%enase :
activity intéSanke savethe iz vemdiad vind deeshgyne regemoa bitmsabibityy
inserting these tyor DNASH,TEspasdd st opd wp L f & s bel ongi ng
“to . inconpatible groups é%d introﬁﬁﬁzﬁhthese Into tﬁ%ﬁggﬁ%S%%ﬁﬁbsth Thus,
“a.transf or medtCEMt LAY IPRIGH e sBIN YR tGRhydengriaing THECDNY @f the
invention anshddndNA ¢OhdihdOasd DL YPERLS Sle DAYV HALASE Glucose
‘dehydro enaag %g$|V|ty, or,a transformant containing both a first :
‘expressiton h AT i 1Yy i?k;%%#VdRs$%e'invgntiOn-and an expression 30
ehydrogenace a0ti VLY. San Be el e P o na' ucose
-dehydrogenase actjvity can be used,, or e . pol ypepti de having -gl ucose
dehydr ogenasE* &R T 7% y%n%a%if?%scq%rga e@‘?%rﬁ-P%I]eYl?%‘al‘g%él%‘é”tﬁeg FREE. 2

Septenber 20fkhydrogenase activity is used, the above reaction can be
carried out efﬁiciehtly 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 addihg a coeniyme regeneration
System to the asymmétric 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 vectof and intreducing
this into a host, or by inserting theée‘two DNAs _
respéctively into two different vectors belonging-to'
incompatibie 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 dehydrogénase activity; or a
" transformant cbntaining 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.




14 The gl ucose dehydrogenase activity in the ‘transformant is determ ned by
.addi ng the substrate glucose (0.1 M, the coenzyne NAD@S@EEWWF ghRe3 t he
enzyme to 1 M. Tris hydrochloride buffer (pH 8.0) and nmeasuring the 5

i ncrease in absorbance at the wavel ength 340 nmat 25C. Now,. a production
“of (S)-N-benzyl -3-pyrrolidinol using th? transformant of the. invention is
- described. Such production nethod conprlges a step of reacting the above
transf ormant and/ or atreated product thereof .10. with

-N-benzyl - 3- pyrrol |rp[-té1 yﬁﬁ&qer{?gé/%&ﬂghggem t%- - produced '.

(S) - N-- benzyl 3-p rrolldlnol ol ow n IS nore
speci fi cal | yrr¥esEeimaRt I+ r@tetm@%@m r%EiCélIMJ blelke y$ulss ha ol ¢ dicone,

NADPH or a | {(e1 0PENZHHE, codithde GEABHI © afif hen@boye Ji5, dhanst of mgnt

-and/or a treat ed pr oduct thereof, are added to an appro |ate sol'vent, and
the reactiont¥5S BYGRNIFT LG REBEPTNGRE i) ratd TRaLing U}Hl@dj ust ed.

Thi's reastiomcisasarid athBitndicd dienpes L Mg G 4@ G c%he pH
i's mai ntai ned at to 10 durin he reactlon The  reacti on 20 can

‘carried. out bat ct‘N/Si"%e PTG RS . ($rNthenggt v seo tikinagact i on
“substrate i sustgedch® B LNSF SonaCONSL KA 07008 1 $h 198 t JO% i v) . The

‘treated product. of . the transformant so referred to herein neans, for
“exanpl e; ~a’crude WA RAOIGRYU et CouRRT iz atan g%frllrsi’fﬁ@rtﬂ)dl es,

" acetone-dri em@rmémm%mmamtdla&{&/m:}% QL prodigft etk tdsgef rom
and.. th I|ke Lﬁther t hese can be used in the formof the enzyne itself

“or “cel I $%s. "Etidh N TSRV P K biRP e ARd AR fcthaivestinefidranl y -

carried out tmsm@mempim—aaammy@gﬂwﬁtdpn 30 system For:

exdnpl e, when, rr ut this reaction, .a transformant capabl e of
produci ng bot h th Cﬁl%)/%pg%]t%@év%’fg’ (et S R AP ER e detifdribgenase

is used,:it dess awmidsed . First, the substrate N-benzyl-3-pyrrolidinone,
o "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 exanmple,
, a crude extract, cultured cells, lyophilized organism
25 bodies, acetone-dried organism bodies, a disruption product
-derived therefrom and the like. Further, these canrbe‘used
in the form of the enzyme itself or cells as such
immobilized by known means. This reaction ié‘preferably
carried out in the presence of a coenzyme regeneration
30 system. For example, when, in carrying out thié feaction,
a transformént 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



possi bl'e to markedly reduce the consunption of:the coenzyne 2 Sept enber
2003 15 by further adding glucose to the reaction syster Sepigmber 2003

"(S) - N-benzyl -3-pyrrolidinol produced by the reaction can be harvested by a
conventional nethod. For. exanple, the suspended matter, such as cells, is
-removed, -5 if necessary, by such treatnent as centrifugation or -
filtration, the reaction solution is nadé5basic-by addition of sodium
~hydroxi de or the like and extracted with an ..organic solvent such as

ethyl acetatg Ofu££%%§$%%d%$%d%g¥bogég@giEhgp%¥§n£%§gf%ygﬁ'reaned under

reduced presstre; can be purifre &F treatnent such
-as distillation dthehtDnmai-drpraphly- Srplysoo bidindk Benagheed-lpyrtioéi di none,

exanpl e, by “ehe SR hSRF RS4R3 ) EBEYRARS0RAE RRERGRNIE: s or

‘N-benzyl - 3- pyramplei none smeb¢8ledi-ndehey) - Suphrasl cdihs} tanremodeder m ned

Ch1 i e At ires oot iy Gaginrhe 8 ERER kg LB e 0 T

‘optfcal.purifylbiatﬁgnrP¢¢ﬁﬂp@aGEﬁQm‘@qlmbi@dipalmedﬁ b&sﬁeabyreddbyihmgh

e S S 1 g N iy

950/ 50/ 1, flowgamnie:sdalven nfuch des eethvh: 20672 he) or 25oThese, agudr dhag to

the present éf@@ﬂ&&c%bl@énﬁsisp@ﬁéﬂbf@ﬁ&@e&f6ﬁ3é§n£é%u8é8dﬁggéggf?'

pol ypeptide intluded in the present invention and, by utiTizring the saneg,

can  adva®t agBRisPr et ctd e Woblf bd (I8 - fupkhey| tBeappentl sdchoksi s

provided. 3Qgistillation or chromatography and so on.

) N 7 'N—Benzyl—B—pyrrolidinone, which is to'sérve as the
substrate in the reaction, can be prepared, for example, by
the method ‘described in JP~A-54-16466.

15 . The quantities of N-benzyl-3-pyrrolidinone and (S)-N-

' benzyl—3~pyrrolidinollcan be determined by gas
‘  chromatography (column:-Uniport B 10% PEG-20M (3{0 mm ID X
-'1.0 r), column temperature: 200°C, carrier gas: nitrogen,
detection: FID) . The optical purity of (8} ~N-benzyl-3-

. 20 pyrrolidinol can be measured by high performance liquid
Chromatography (column: Chiralcel OB {(product of Daicel
Chemical Industries);‘eluent: ﬁ— | '
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.
. 30 o
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



BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is-a chart of nucl eqtide . .
-sequence of the DNA as determined in Exanple 3 and the52§$W%m%gﬁgogequence
2. Septenber 2003 .. 16 deduced therefrom Fig. 2 is a chart of the method of
constructing the reconbinant plasnmid pTSBGL of Exanple 7 and the structure
t hereof . ‘BEST MODES FOR CARRYI NG QUT THE %NVENTICN The foll ow ng Exanpl es
‘illustrate the present invention. in det ai9 . They are, however, by no neans
limtative of the scope of the present invention. to Detail ed procedures:
~and SO on CoE@iFbdO-hdwe-rF+&eonbi nant DNA technol ogy used in the foll ow ng.
Exanples are described in the following literatures. Ml ecular d oning, -
2nd . Edi ti-on (Col d B iy Harborhattaiof dtler yueiled ofiggmystusccimg ebe
Protocol s i n-ddédesii et B odagva (GFasee oPubkishi 097 A55QctAL e3c A0dcyre

W ey-.1nt ers-crlrence . (Exanple 1: Purification of enzynme) An enzyne having
the activi tyt T mretrically 20, reducing N benzyl-3-pyrrolidinone to
produce 6S)-N--benzyl- 3-pyrrolidinol was uniformy purified fromthe
Sstrain M'crococcus luteus 1FO 13867 in the foll ow ng manner. (Cultivation
“of the strain M crocdtetrs HUREUSFPEEARRENG QBT ATHE (I ENBEPNM (400 nl)
having the foll owiTig CRITOSE itrld e Mo 18 £ P2 Bkt Fa €2Cth2-br S8k@guchi - flask -
~and steamsterilized at 120C for 20 minutes. Medium conposition: 1.6%

(W v) Trypt o SYet Bt il ool pre, however, by no means -

: - limitative of the scope of the present invention.

-ld' : Detailed procedﬁres and‘so on concerning the
recombinant DNA technology used in the following: Examples
are described in the following literatures.

Molecular Cloning, 2nd Edition (Cold'Spring Harbor

_ Laboratory Press, 1989);

- 15 Current Protocols ‘in Molécular Biology (Greené

Publishing Associates and Wiley-Interscience).

: {(Example 1: Purifigation of énzyme)
' 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.

‘ (Cﬁltivation 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)}
i39 | Yeast extract 1.0% (w/v)
NaCl 0.5% (w/v)
Tap water
pPH 7.0



NaCl 0.5% (w v) Tap water pH 7.0 2 Septenber 2003 17 This_nmedi um was
dinoculated with 1 ml of a culture fluid of the strain MeFREBR¥A0BuL eus

| FO 13867 prepared .in. advance by preculture in the sanme nmedi um and. shake
culture was, carried out at 30C for 50 hours. (Preparation of cell-free
extract) Cells were collected by centrifggption fromthe above culture
fluid (2 L) and washed with physiological” saline.. Thus, 42 g of wet cells.
of the above strain were obtained. 10 These wet cells were suspended in

170 mL of 100 mM phesphad®:i il fes {RbEd1 Neqthern2: rﬁicegtgewmkeand

‘phenyl et hyl sul fonyl fluoride were added to respective I na

concentrati ohs bt & nhhandtoain iicragoesas chitquaef BOul BBadonrenkkgd
di st upt ed usi0a &R EE REy 250 01 O8HET i BT thd 5o BRANSOM unThengeLh A kesi dues

were renoved fromthe disrupted cell disruption by cenfrl?ugatlon, wher eby
180 mL  of aSCeF1EF rees ex@Fatednast obt aPhed. fTeRNABNRORFSul fat e -
fractionation). 20 Anmoni um sul fate was added to and di ssolved in the
cell-free ex?ract obtained_in the above nanner to attain 40% saturation
‘and the resuttTeRAPFELPDi Pht e hbhsTFeeoselraGt) centrifugation (during this

procedure, the pHadiidererd | col1ee&XIBRCLeNOS: FREAE BhRCE &L #h0 4SLPY
he pH was maintained at 7.0 in the sanme manner

aqueous anmonia). 25_Wj | e | 1 [ [

‘as inm the dﬁb@%uﬁ?o%%%H? f£aﬁhn%?%nvéﬁm?%t%1§Bsphﬁ?%ﬁé@ghﬁﬂédsﬁélnand

;dih ssol ‘veld | Thi s cBNg rof u.g@ti@élll‘léﬂp@fgﬁlﬁ@nébéﬁe%?@éﬂ?_@5:%_?_?&%!&@5&8?1‘ and
the resylti recipitate. was collecte y.centrifugation, This
-p[ecipi#ﬁhenﬂ%gg%i%g%lﬁ%ﬁl?nwﬁﬁeniWSpendeg in 170 mL7of 100 mM

o phosphate buffer (pH 7.0), then 2~mer¢aptoethanol and
' phenylmethylsulfonyl fluoride were added to respective
‘final concentrations of 5 mM and 0.1 mM, and the cells were
ultrasonically disrupted using SONIFIRE 250 (product of
15- BRANSON). The cell residues were removed from the

disrupted cell disruption by centrifugation, whereby 180 mL

cf a cell-free extract was obtained.

{Ammonium sulfate fractionation)
- 20 : Ammonium sulfate was added to and dissolved in the
' cell-free extract obtained in the above manner to attain
40% saturation and the resulting precipitate was removed by
centrifugétion (during this 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 centrifugétion supernatant to attain
65% saturation, and the resulting precipitate was collectéd
by cent;iﬁugation. 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.



30 phosphate buffer (pH 7. 0) contai ning 5 mM 2-nercapto ol the
-solution was dial yzed overni ght using the sane buffer. %égﬁg Qﬂﬁgﬁ 2003 is

(Phenyl sepharose col um- chromat ogr aphy) Ammoni um sul fate was di ssolved in
the crude enzynme solution obtained in the above manner to a fi nal
concentration of 1 M (while the pH of the crude enzyne sol ution was

mai nt ai ned at 7.0 using aqueous ammoni a), and the sol ution was applled to
a Phenyl - sepharose CL-4B (product of Pharnacia Biotech) colum . (130

) . equi Li br aplednylnseﬂnaﬂﬁgev\tébmm M- pheeehatgnbyffer (pH 7. 0)
containing 5.nmV rca&g\getr nol and 1 M anmoni um sul fate so as to 10
adsor b t he -enzyme. “BrYet HaSht Fyt-¢ e e ofbFse W eR imetRanerudeferzyne he

active fraCtS@DuMBﬁnebbt@ﬂn@ﬂthnathéngﬁévegﬁﬁﬂ?fﬁttQL aﬁgpglur1suhfate
(from1 Mto 0O ctlon was col |l ected an lalyze
over ni ght us?%%g%ﬁtﬁﬂf %ho%%hﬁt ﬁ?%%? e BHOE cBhe aF FRdg snakme
2- nercapﬁbethah@tlonlﬁaéDE&Ehs@pﬁ@d0§@ EQ@Uﬂ@lﬁ@r@ﬁﬁé@ﬁéa&ﬁﬂ%nf%E%Eéng

: I btained in t t
Sepbarose GLEAD THFBbGh TS PHeP RS ot Ot BERY LoP GRRETOR® 1Sy~ €8 || br at ed

‘in advance - a@rmdmbt1@fnﬁhgh@§@h@h@1@@éé@f &ﬁ$hﬂ?o&é§ﬂpﬁgjnéﬁgl%g$%%%eﬁﬁth
the sane bur ParedfaESact 00 F) dul GO natte G biew DY &-9) rcBRtaathent of
"Nadl (from 05 MﬂﬁoZﬂm@rMptoéﬁeamllaa&ifI a@tmmomcghiﬁ&ﬁ@ds@r@lsmiiﬂ&%[yzed
nor capt A nararo B it AR Do o S B e TG et Sy e
'solutlon obﬂ@#ﬁé@rdntmaea@bnme fraction was eluted with a linear
- gradient of ammonium sulfate (from 1 M to 0 M). The active
fraction was collected and dialyzed overnight using 10 mM
‘phosphate buffer (pH 7.0) confaining S mM 2;mercaptoethanol.
.15 -
' (DEAE sepharose column chromatography)
The crude:enzyme solution obtained in therabove
manner was applied to a DEAE sepharose Ci¥4B (product of
_ 3 Pharmacia Biotech) column (20 mL) equilibrated in advance
20  with 10 mM phosphate buffer (pH 7.0) cohtaining 5 mM 2-
~mercaptoethanol so as to adscrb the enzyme. After washing
the qolumn with the same buffer, the active fraction was
eluted with a linear- gradient of NaCl (from 0 M to 1.0 M} .
The active fraétion 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) equilibfated in advance
with 20 mM phosphate buffer (pH 6.0) containing 5 mM 2-

h'mercaptoethanol SO as to adsorb the enzyme. After washing



30 rmanner was appl i'ed to a Blue Sephar ose CL-6B (pr oduct of Pharnmacia
Biotech) colunmm (10 nl) equilibrated in advance with 28 SPRIIREPRE? e
buffer (pH 6.0) containing 5 nM 2- mercaptoethanol so as to adsorb the
enzynme. After washing 2 Septenber 2003 19 the columm with the sanme buffer,
the active fraction.was eluted with a linear gradient of Nad (from?O Mto
0.5 M. The active fraction was collectéd and dial yzed overni ght using

- 10 -AM phosphate buffer (pH 7.0) containing 5 nM 2-- nercaptoethanol. (Gel -
filtration) 4 ne he ab e, manner_was
applied to a %f@éﬁ‘ﬁé‘bw rbé)%&.P%%? odg% {3 %E%%Sloéhdﬁsi br at ed

in advance vé}htadov g thobpt@ale gmnli@mt (pfH N’a@l\ CMIal MiMgtd o M) .

'2- mer capt oet ol -2l active fraction was
"eluted with eécsarre bu he a c?j\f/ﬂe‘;?é%%t%g% (\E)\g%l%%‘?ﬁiec‘feeﬂ“aﬂbt

di al yzed oveﬁﬁfﬂlghtlQJsmbthmEEpmmd@lpﬁﬁeie bi f 21 0Y peb Tt @ nilisy cHniMi i ng 5 M
~2-er captzoet p&pe Y&en electrophoretically uniform purifi-ed enzyme
‘preparation. rel na ter this enzyne is referred to as BRD. (Exanple 2

" Measur enent s of enzyne pr opertl es) 20 The enzyne obtained was exami ned i‘or

i ts -enzynol ogicpl fﬂ@rpﬂltérg)s The enzyme activity was determned basically
‘by adding the substrate enzyl -3- pyrrolidinone (1 mM, the coenzyne
NADPH (0. 167 m\) amﬁtcrteldeer@wmnq A0 i phospired Bufifher a(hmvee 5),,

Aot ng thadideardd bl & oceed Ak 300, [@odo Mk S A\hAIRARMAG: | e

- decrease. i n -absorbance at the wave nm ction:
N benzy193- r"%ﬁﬁQﬁh@@%%WWH%SﬂdWQ%é%@enk@@m@émh%mnﬂad

"(5) N‘ben2y|b1§ff%’frﬂjnﬁd7 ) Mdthining 5 mM 2-mercaptoethanol and 100
'mM sodlum sulfate, and the active fraction was eluted with
the same buffer. The active fraction was collected and
dialyzed overnight using 10 mM phosphate buffer (pH'T.O)
15 -containing 5 mM 2-mercaptoethancl to give an _
electrophoretically uniform, purified enzyme preparation.

Hereiﬁafter, this enzyme is referred to as BRD.

(Example 2: Measurements of enzyme properties)

- 20 The enzyme obtained was examined for its
enzymolpgical properties. The enzyme activity was -
determined basically by adding the substrate N-benzyl-3-
pyrrolidinone (1 mM), the coenzyme NADPH (0.167 mM) and the

| enzymne to 100 mM phosphate buffer (le6.5),‘allowing the
25 reaction to proceed at 30°C for 1 minute and measuring the

dec;ease 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



an optical purity-of not less than 99% ee. (2) Optinmum acti on pH:_The '
.enzy‘ﬁé'acti \F/)i ty was neasured by the above nethod 2 Sept @n%f’é‘rte@g?@oﬁé ‘Wi thin
‘the pH range of 4.0 to 7.0 using phosphate buffer and acetate buffer as a

buffer. As a result, the optinum pH for the action on : Co
N-benzyl - 3-pyrrolidinone was found to be 4.5 to-5.5. 5 (3). Opti num action_

tenperature: The enzynme. activity agai ns29the substrate N benzyl--3--

pyrol idinone exerted for one mnute of the reaction was neasured within

“the tenperature.range of, 20C to. 6QC.. As | result, the gptimumte erat-ure_-
was. .nghd t"“&t%‘ n4(§%et§ 1674805 g)' ONEPe'Jiloaﬁl%%rﬁﬁ?qsﬂ%%%%ﬁ vei ght

of this enzymel aeetd¢tebuififet by agbhufifddt.r anson uskngta THE- GBki@BRA00 SWKL

cotumm. ( product. _of_, Tosoh). and s.the eluent, 10Q phosphat e buffer (pH -
36, 7.0) ' conPH oo BEnRER LR SRR RGN Y O B dIRS LA &0 The
mol ecul ar weiegHt. Softot I3e Ssubunit of the enzynme was cal culated fromthe :
rel ative. nohijlity l.at v reference proteins in SDS-polyacryl am de gel
eI-'ectrOp?\orggi)s. Ré%éﬂrlﬁensgf::tgofjh e%ﬁé@%P&F'V\ei ght of the 20 enzynme was

found.-to be about The, ed@yas _életévdrﬁ:yedgh)tngezl-thfei |sﬁ1mﬁ:iméamﬁlbbe‘ﬂz§(lé¥3—abdut c

35,000 as determnined by - I ryl.am de gel t rophoretic analysis.
(5) I nhi bH‘BY’%”PlJIq#@OFI%ac?ngﬁt\%;&S%?%p ated W% t-c’%_e%g’r?d_i SIS WA yari ous

smet-al “i-ons medsimkeidbwighd ns rben tempEabliterk amthge wift RO%e tactdofidy wst hout', - -

t hereof were -exam-néd. As“shown i , the éenzy
the - 10 45°C. < L

addi i on bebng calien an 10 aio e hELILIVE ALY i Go R I 0
7 '-14) Molecular weight: i ;
' ' The molecular weight of this enzyme was determined by-l'
gel filtration using a TSK-GEL G3000=SWXL_column (produét
~ of Tosoh) and, as the eluent, 100 mM phosphate buffer (pH
‘15 7.9) containing 5-mM.2—mercaptoethanol and 100 mM sodium
sulfate. The molecular weight of the subunit of the enzyme
was calculated from the relative mobility relative to
reference proteins in SbS-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 analysis.
(5) Inhibitors: |
The reaction was fepeated with the addition of
25 various metal‘ions and inhibitors shown  in Table 1 and,
with the activity without addition being taken as,100%, the
relative activities upon addition.theréof were examined.
As shown in Table 1, the enzyme was inhibited by the
divalent copper idn. |
30

Table 1



dival ent copper ion. 30 Table 1 2 Septenber 2003 21 Co é n Ievel,
Rel ative activity (nmm) (9% NonelOO CoCl 2199 CuSM40. 16 Cl 2189
‘MySO4199 1, 10- Phenant hr6li ne190 5,5-- Di phenylhydantoin0.599 EDTA188 ‘
PVMSF189 PCMVBO. 178. DTNBO. 0193 | odoacetic aci d189 NEML94 Querceti n0. 0194 .
{(Exanpl e 3: Cloning of BRD gene) (Prepargh:on of synthetic oligonucleotide
:probes) The purified BRD obtained in Exanple 1 was digested 5 with bovine
pancreas-derived trypsin (product of Wako Pure Chemical |ndustries), and
"the anino acid_sequences -of peptide fragnents obtai ned were determ ned
-using ABI 492 ~nndel  protein sequeRddiion vl BRIV hctRA%Ki n El ner). Based on
t hi-s am no aC| equence, two DNA pri@®efns shown gnder 10. SEQ I D NO 3 and
.SEQ I D NO 4 i rNanhe sequence listing were Synthegpzed in the conventional

manner . - CoCl, : 1 .99
‘ , CuSO, ' : 0.1 6
' 1 5
ZnS0y 1 99
MHCIZ : 1 89
_MESO4 : 1 99
1 IO-PhenanHuvhne | 90 -
5,5-Diphenylhydantoin 05 99
EDTA S | " B8
PMSF ' | 1 89
PCMB : 0.1 ' 78 .
DTNB 0.01 93
lodoacetic acid 1 89
NEM 1 94
- Quercetin : 0.01 54

(Example 3: Clonlng of BRD gene)
(Preparatlon of synthetic oligonucleotide probes)
7 The purified BRD obtained in Example 1 was digested

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 showh 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 wés

carried out with the chromosomal DNA obtained as the
_template, whereupon a DNA fragment (about 250 bp) supposed’



,(Anpilflcatlon of BRD gene by PCR) ‘The chronDsonaI 'DNA was extracted from
cultured cells 15 of the strain Mcrococcus | uteus IF02f§ﬁ%#“%?7wHé met hod
of Miurray et al. (Nucl., Acids Res. 8:4321-4325 (1980)). Then, -using the
DNA priners prepared as nentioned above, PCR was carried out with the
‘chronpsomal DNA obtained as the tenplate,, whereupon a DNA fragnment (about
250 bp) supposed 2 Septenber 2003 22 to B%Epart.of t he BRD gene was
-anplified. (Construction of chronmbsonmal DNA |ibrary) The chronosonal DNA of
the strain Mgrpeopsys bet eys Bﬁn g&mgz YR lE‘E&TEhete'y di gested with the
restriction- enzyne BanmHl, fol by separa lon by agarose gel -

el ectrophoresis. Then, u3|ng the DNA fragnent obtained in the above manner
(about 250 b@¢0ﬁ§t£H@tﬂéﬁb§f Eﬂ@oﬂbggﬁElOFNAtEQPEQEggosonal DNA was

-anal yzed by the Sout hern nmet hod : 503 (1975)) (the

| abel i ng. of the DRREpFobemosemy d%ﬁ%c@fohh@heFeeinbﬁkggoceccu dluueua5|ng
the Gene's |meges3babelhsotembestLo p Cenef

result, a DNA fragnent_of abo%t 4.5 9k§Y§%§Hbguﬁ9€H Eh@ EéggFégﬁa}%h he :
above DNA pr 8BEYMESBAREL of EPEIOVAG BBoSEPAFaESPRWAY §QBF@§Eee‘eﬂ-o :

separ ati on bylagereskogeli gl ectHaPhAILSIS . L1 hifn 3¢ KPyrhnt 6
~fragnents wefre recovered. These DNA fragnents were |nserte |nto the

“vector plasnf@® pﬁkﬂ@e($?%ﬂﬁﬁt(%Pouﬁa%§9ab8hu§§)ta€ PRebganfthesiigeshepéof ,

fol l oned by 2Rei BhreEUSsHMOD DmoWageaﬁax?t@dEﬁghEﬁbcbbatﬁelrh 2MA84. (4J.
.(product,_ of rar f is strain was.

t hus coﬂ§§rU%étgrs%%QEégﬁghgégg fhgggh}ohﬁg%néﬁbEﬁﬁpglBﬁaF?? DEABFAget he
DNA fragnentam@tdeﬂ@dti@nthﬁeﬁ@@febéﬁﬂ@eéarﬁﬁeﬁh@uﬂrQE@ngtEﬁecaéﬁgosonal

DNA Iibrary fonStrufgggling/detectlon system (product of Amersham)).
"As a result, a DNA fragment of about 4.5 kb was found to
hybridize with the above DNA probe.
15 - Therefore, the above digest was subjected to

.separation by egarose gel electrophereSis,.and 4.3 kb to
6.2 kb DNA fragments were recovered. -These DNA fradmente
were inserted into the vector plasmid pUCI9 (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, llbrary of

this strain was thus constructed.

{Screening of the chromosomal DNA libfary)

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-



the ‘above manner mas subj ected to screening by the colony hybrldlzatlon
method (the labeling of the DNA probe and detection therperpRe?§08arri ed
. out. using the Gene I'mages- 30 | abel i ng/detection system (product of
Amersham) and the experinmental procedure being performed according to the
manual attached to the system. As a result, one positive colony was
obt ai ned. Therefore, a reconbinant plasmd pUC 2 Septenber 2003 23 BB,
produced by insertion of the DNA (about 4.5 kb) obtained fromthis

‘positive col gpy ﬁ@@dﬁ@é@cﬁ?dlﬁ§e§t§89 09eRRCoRNAlALAGChr gmpsomal  DNA

clone. 5 (Determnation of  nucleotide sequence he reconbinant plasmd
pUC: BB obtal%%Ea%ﬂe@hgrﬁ%OVElsnﬁﬁﬁétlﬁéscpﬂeawedaﬁﬁBhleateduasresBRDctlon

enzymes and gbge-eenthihlfgdbAeshboBnh] ABRENLSper e anal yzed, and a
restriction enzyne cleavagé map thereof was prepared. Then, 10 r econbi nant -

pl'asm ds were constructed by inserting various ..DNA fragnents obt ai ned on

the occag on(pétethenaabonesranakyshsiipt Qe[:}l:a.’@i]x% gt the multicloning site
t her eof . LBlng these reconbi nant plasmds, ‘the nucleotlde sequences of

each inserted fraghi®tre@RQNRHARYS Blashhg BHCABE PREShnes EyetHErmb@meor

Cycl e Sequengim@e Repsly ReastéQnwkih GQEQQHEtreQErg@EEbH EL é g a8l
373A DNA" Sequencer g g duct of- Perkin € nuc tlde Sequénce |
“of -a DNA frbgith % b hgeitHORbfréﬁBﬁBEédwﬁeecéﬁ@éyﬁedheandrget gene ‘was .

deternlned ﬁ@@trﬂ@@i@@téﬂ@yﬁ@qgﬁéﬁeabe ﬁQB“@hb%e%nga%o TepASehior Hgn
this nucleotid sequence, g ﬁlno aci !

fstructur gﬂ% ortion i 5
sequenc& CPP R Rt 2 FE AR oV R HE §%ﬁﬁ§ﬁ6§t?§ %Mo%ﬁseétbmgtﬁerlous

“mucl eot i de Smmmeﬂﬁﬁgmemtglgbtélnéﬁ 8n' €8l bcehs¢8APaEI §RD. ShotBi s ami no
acid sequence wi th the fé am no -aci d sequence of digested 25 '
fragments of FY§tdt @ ypsi hhet el Ghetenpagt pake thereof.

Using these recombinant plasmids, the nucleotide sequences
_ of each inserted fragment was analyzed using an ABI PRISM
15 Dye Terminator Cycle Sequencing Ready Reaction'Kit (produet
of Perkin Elmer).and ABI 3733 DNA Sequencer  (product of
Perkin Elmer), and the nucleotide sequence of a DNA
fragment (about 1.4 kb) supposed to contain the target.gene
. was determined. That nucleotide sequence is shown in Fig.
20 1. As for the structural gene portion in this nucleotlde
sequence, the amino acid sequence deduced from that
lnueleetlde 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 nuclecotide
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) '



.am ho aci d sequence of purified BRD was found to exist in the anino acid
_sequence deduced fromthe nucl eotide sequence and to bgsﬁﬁﬁngﬁggﬂ%ical.in
that portion (the wunderlined am no acid sequence in Fig. 1) . Thus, :that.
gene 30 was judged to be the BRD gene. (Exanple 4: Construction of BRD
gene-contai ning reconbinant.plasmd) 2 ;@ptenber 2003 24 A doubl e-stranded
DNA resulting fromaddition of an NdeT Site to the initiation codon

" portion of the structural gene of BRD and further addition, just behind.

‘the 3" ' term nus Bhekeefe-ak -anketmpial ieRuaeden ETAR) aaed taBnFEeRLL5
cl eavage point was obtained in the follow ng manner. Based on the -

‘nucl eot i de . §6§deFddeddethiendd iitd abigiplco®n eriorend e BRAUStES wit h
an Ndel sitegeadded B heq isdirdihal %@cﬁ.‘%q%,g%rutst_?fbetkﬁ%‘cﬁ@@eq%ne and a

- C-term nal \ primer with a term nation codon (TAA) and an EcoRI site 10
added just BEFTHGUShégrecdy nicfus drrHeaddms gofeomedIdr)swichasi Ze@RIThe

- nucl eot i gle. cl%%%@_ﬁéc%‘é)i@lft WABSRHWA nid TBY TheAltR 19OMWA UREEM 3EQ ERs NP 5
and SEQ ID NO 6 in the sequence listing. Using these two synthetic. DNA '
primers, to§&thée njciRotielepsesHedsUdBE FErEchdd Erampdeplle 2madlthe 15.

‘tenpl ate, . atrdewiheisoiangded aiAwias ampPNddedidy RERA Hee tndNA fragnment
-obt ai ned was dkﬁested wi th Ndel and EcoRl, and the resulting fragnent was
“inserted i nfatHe PHeAs MOGORUBRTL CROTIE BFOLIFNS Al aNdeitarEdrEa s DN
downst r eam @fritde ka%hD 0 RN nla® iV @cRlone CamM) Namd RInnSEgkIPNEIBR 20
(Exanpl e 5:8é.d|tLon 0 hlne%ggl arno sequence to a site upstream of the
BRD gent§ F ARG 1%l e dSrauditsh odf BRS JERe vieke
Escheri chi asgolthesiaed.asthd waglebtabtsedefionrkbeor 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'amplifiedAby 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 NdeI-EcoRI site downstream of the lac
7 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 1evéi_expression of the BRD gehne

in Escherichia coli, a plasmid was obtained from the

25 p;asmid PNTBR prepared in Example 4 by newly adding the
E.coli-derived Shihe-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 NdeI 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



25 plasnm d pNTBR prepared in Exanple 4 by newy adding the E.'caqli-derived
.Shi ne-Dal garno sequence (9 bases) to a site upstream of $5RePRE4098i1 on '
codon of the sane gene, as follows. First, ‘a plasm d pUCT was constructed
by converting G.in the Ndel site of the E.coli expression 30 vector pUCNT
used in Exanple 4 to T by the PCR nmethod,,_ Then, an N-term nal DNA priner.
-resulting fromaddition of the E. coli -@8rived Shi ne- Dal garno sequence (9
bases) at 5 bases upstreamof the initiation codon of the BRD gene 2 '

-Sept enber  2083,,&5 whewn ginslerp i 1 Shd NG |
further addition of an gIg:tﬁc%:ll)Rl ?iﬁ?g e[altrll\lﬁj%? %e oreé%ﬂ%@%ﬁﬁ\%-%ﬁlgg%%%ger
sequence andEIE1 A R haAD DAORE | Hie rads ulusthPeFore ddu tSinefDal Gactosi te
“just behind $dipaecd elmd Wsc Ofetlitha B AT HENE WAL&, BYIY eglgpd in the |
conventional manner. The nucleotide. sequences of these Two priners are
shown under 2SEGIqR NG 72 atrF SE3 1D NGB behing BwuEnceetntningt Ushag
these twe DN iqer s, wad hs el Bsdn di PNERR Lonsdy ' math arple 4
as the tenpl ate, %%ou%l e- S-titrr anded DNA was 10 synt heﬁé%lg%l b@aWT@eDNA
fragment obtHHRERP ke oF BIRERS A E HEIRORI LW P ISRILS aank towrsudéng

fragment wassed nseredr i M@ e 1 asi ¢l PUThatsddhsakeoR + Sagl g si &ing |
(downstream of the. |ac _pronoter) to qgﬁe a reconbinant plasmd p ﬁ. 15 =
(Exanpl e 6: Bfifcttdh P &F AT Vi BRRR i) asmkd et Bfercens i ird ni gh - -
llevel . expriassi:@mpld 4 hes BRD 19848 48k F. £ ddub e P SR P THEH WS

constructed by _substityting a DNA lower in GCratio for the segment from
20 the 18t t%yfﬁﬁ%”o%ég%fgq%e hre DYendrpgrend pdedingch e tegeted
in Exanpl e Syiti (RERT adrhc®rsagr t i @gdl t Seguencdapdash d her eby, as
tol | ows. : insefted into the plasmid pUCT at the EcoRI-Sacl sité
(downstream of the lac promoter) to give a recombinant
' plasmid pTBH. |
s
(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 cbnstructed by
substituting a DNA lower in GC ratio for the segment from _
20 the lst 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—strahded 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 thained. |
.30 , ,
(Example 7: Construction of recombinant plasmid Containing
both BRD gene and glucose dehydrogenase gene)
| A double-stranded DNA resulting from additidn of the



A doubI e- stranded DNA having the sequence shown under n. the
sequence listing was prepared by the 25 conventi onal ne?%gd’erﬁ*}lﬁ 3%\9151
digested with EcoRl and Xhol, and a plasnid pTSBH substituted for the DNA
fragment detached from pTBH by digestion with the same restri ction
-enzynmes and. containing a 5 termnal porlion of the BRD gene was

obt ai ned. . 30 (Exanple 7.. Construction of reconbinant plasnm d containing
bot h. BRD gene and gl ucose dehydrogenase gene) A doubl e-stranded DNA

resul'ting frBncatliditdenivéd tiei Pe-Sept enbes Q@@@eﬁ@e E(sabdsasleriyved
"Shi ne- Dal garyo bases stream of the | n| tiation

2s
codon. of the s?% ﬂ#?%gcﬁ(qlus n@bgatjerf'lﬁfrﬁtrm et VERE o e
dehydr ogenas@acihbnsemmaieerxlﬁﬁ eTANe dL 4 30-ade £ d g@r@soé}f @erﬁa&fo(’}%zﬁfg@ggt
EglhlntndJ ;J?\te ? i naégg%&it:)gvgfne%&r%?e%%d%%l ng“:frl"n‘ae' f%’f I%ﬁe%a%#f\%?YageBgsed
‘on the nécl eovine Jseluenbers nfloy retcwm @éxpn,émltél&ar@l-bd ge{\dq;ar%gl N-t erm nal
B t col j erive :
e e Dol (EESALE RIAR AL iRl g 't S na Sl hdan (s i it at on
. codon of therxgpamediri @m@cdflc@ﬂat@nm:fnasﬁheea@@dﬂ bmlom.hef nac3ael idkeavage
‘poi.nt just b seq nd termna
.Pesul ting fr%én(?i&déd@tl on 0¥a3c1 %%{]O%eq } u‘g{? (LR %1 at%%’ﬁ?%% dteodon
15 of the. stPuigter atresg,elrtenog‘ mmvae:tceuss;an he’f"SItztmi hycdlhe -arnierdd onal

- nmet hod he swcl r rs are own under SEQ
IrrE NCC)) 1(:){5 and’ SEQ 1D ﬁg‘ 11, iespect#ve v, ng attg s gge s{?rselalr?wgf Usi ng
‘theése two. DN Briwation syaidrero fiittte tdierpttasm qlﬁlébe(EmH ahd Bi ochem

20 186, 389 Fl98H) ARidide B AL & dQuRl s %oﬁlncdejdus%e%re 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

prlmers are shown under SEQ ID NO:10 and SEQ ID NO:11,

respectlvely, in the sequence listing. Using these two DNA
primers, together with the plasmid pGDKi.(Eur. Jd. Biochem.
| 20 - '186, 389 (1989}) as. the template, a double-stranded DNA was
o 'sYnthesized by PCR. The DNA fragment obtained was digested
with SacI and BamHI and inserted into the SacI- —BamHI 51te
{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 recoﬁbinant E.coli)
'E.coli HB101 (product of Takara Shuzo) was
30 transformed using the recombinant plasmids pTBH, pSTBH and
PTSBGl obtained in Examples 5, 6 and 7, to give recombinant
E.coli HBlOl (pTBH) , HB101l (pTSBH) and HB101 {(pTSBG1),
respectively. Among the thus-obtained transformants,



.synthesi'zed by PCR .The DNA fragnment obtai ned was di gested and
‘Bgm—ﬂ and inserted into the Sacl-BanH site (occurri ng2cﬁﬁﬁt%?t?eégﬁsgf t he
. BRD gene) of-the pTSBH - .constructed in Exanple 5 to give a reconbi-nant
.plasm d 25, . pTSBGL. The met hod of constructi ng pTSBGL and the structure.
‘thereof. are shown in Fig. 2. (Exanple 8: Production of reconbinant E.coli)
E.coli HB101 (product of Takara Shuzo) wdé .30 transforned using the -
feconbi nant pl.asm ds PTBH, pSTBH and pTSBG obtai ned i n Exanples.5, 6 and

{rsnc) Ve R 8o Rl IR A ot BIY (RO B e
2003 27 . E @@mh memﬂa(tmi@aa) Iawct:l—ﬂaﬂtﬁ?l O(ﬁo'Psﬁ(él‘Dcel’tthmchEm’rldfdp(ﬁiﬂeﬁd:e Wi th

the National, u nce d Technol ogy
I nt er natlonéal Patent %?&fm sm pos CJtnahél?lySEI ﬂﬁ%‘c}: anlééth 4° Ctafyl H gashi
1-chore, Tsulbdsiees t [entinsdr dki IPrlefiscgastd, U*a;;ifm)e mmﬂmhme:mcesm on- .
_nunber FERM 8. r nd t he.acc Lon
nunber - FERMIgJI;é-réﬁlQE( 2%%1%}% dn %}ta%) ﬁldelr ]%Y %8:6 on i peéct y.
“Fur t her,’ t h&5r17dgr o de@oad (ipn Bia(ﬂe Grerhl, 11198:)00) Ia01c126:41,e &'ﬂﬂﬂe)ssﬂﬁﬁﬁ
doubl e- d| geslisfhaM t e us- d ragrrent
--(about 0.9 kb) g\gntEglRﬁf(r?@ tﬁg@ aC| gtlr?glgéitate% um %%rlg‘érl ve GDH gene
was* 1nserte§Q%ﬁﬁ§tHM%§Yblasnld pSTV28 (product of Takara Shuzo) at the
EcoRI.- Pstl| -site t,gﬂert%gfrt 0 RGO N | a pST B
E.coli.HB101"(pTSBH) nadeé. %h% li%{aenttd’ Gﬁﬁa@e %q'toﬁhe%%éea "¢i Lf\@gr?l Sri de.
net' hod -#8s t2°4ns d“ﬁ31¢QWhL$jﬂkﬁﬁﬁU@dbSTW@ @Foﬁlh@@w.&aﬁd @ind the -
_|ﬂtroduct|O&hﬁEh%%taEn%glbNMBE%hgﬂe%ESﬁ%bo%§T%Gb W@ﬁ QQE%%H%Q&@‘H@ case.

20 (Exanple 9:. .BRD expressi-on _I'n reconbi nant E.co
~ Bacillus megaterium IWG3-derived GDH gene was inserted into

‘the plasmid pSTV28 (product of Takara Shuzo} at the EcoRI-
o PstI site thereof to construct a recombinant plasmid pSTVG.
15m'E-coli,HBlﬂl {(PTSBH) made:competent in advance by the
| calcium chloride method was transformed with this plasmid
" 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 HB101 {pTBH) and HB10O1
(pTSBH) obtained in Example 8 were each shake—cuitured on 2
- X YT medium containing 200 ug/ml of ampicillin-at 28°C for
_ 7 15 hours. A 1-ml portion of this preculture fluid was
25 . inoculated 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% (Q/v)
o 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



- The ‘reconbinants E . coli HB101 (pTBFD and HB101 (pTSBH) obtalned i n
Exanple 8 were each shake-cultured on 2 X YT nedi um comt 28RiEREEH3pg/
‘of ‘anpicillin-at 28C for 15 hours. A 1-m ‘portion of this preculture fluid
was 25- inoculated into 100 m of a mediumsterilized by autoclaving in a
.5.00-ml Sakaguchi flask and conprising 1.5% (wx).. glycerol,.1.50 (w V)
"Bacto tryptone, 0.4% (wv) Bacto yeast é%%ract,,o 2@6(m/v) sodlun1
-chloride, 0.8% (w v)..potassium di hydrogen phosphate, 0.05% (w v) magnesi um
.30. sulfate heptapydsate d ) ekan c

_Asahi- Denka KO?% lg%% at?%gtse&)s?éﬁ@%&‘é\’i% lﬁd@hghoggﬁgﬁﬁréa\%ggcgﬂl ed
“out at 30C fbr Oa%%u¥%tr%%¢mkca%kYedhérvpteédtﬁrghvsuehce&ﬂtﬁreefIU|ds by
.using’'a 2 Septepher 2003 28 .centrifuge, then suspended in 100 nNIphosphate
buffer (pH 6.5) and uItrasonlcaIIy disrupted to give a cell-free extract.
The BRD activity oftq HBD @Ftiviee ekttt omblsideeeentnadtivashe -

“fol | owi ng megqeesemihes, i h@k‘;@%ﬁ?&&i’h&ymanné@s agleL mﬁ%@ﬂ%w%

substrate N benz I-3 pyrrolidinone (1"nmV), the coenz
‘and the enzZ¥A® $V-ATV-HM PhosphdiRg bbie ePUppFrets) Nahenaghsaring the

decrease i n @SS PeACEoRE thwvet@@%éleéé%g@nmbpﬁogg igﬂﬁﬁ) eDgY ey

.activity' capable of OX|d|Z|ngh m nute under
~these react i ¥R i bHS HhHasP %%??%E% Raffepni{pH Thadk- dederabaediBRD

activities ofhd rwecﬁ@aéefmeaieg@m&ﬁéew&etl@é%@@é@gngeht§afrsnfaf gpgghEL C
:act|V|t% ﬂlco ar ed mnth that of the transformant -hol dlng 15- tﬁe vector
ty

"plasni d*8 ¢ SHM-WEST Y] P HRER OF t PRiREZBRD hcERoit 9EONARPH to
cel | -free extametimler ivathfs onndde tisésai PeME{O6066HE1EURYSWLEO 13867 as

-prepared in éhﬁn aciTeas r?n&?lrt as IthsEXd% ermllrie<:1Thl=ieRDr eascuéitvslélheuss oofbttal'llened are
cell-free extracts were expressed in terms of specific |
'activity and compared with Ehat 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.
- Specific BRD activit
Néme of strain P (U/mg) vy
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 incfease' in
BRD activity was observed as compared with E.coli HB101l
25  (pUCNT) which is transformed with the vector plasmid aione
and, when compared with the strain Micrococcus luteus IFO
13867, the activity was about 10-fold higher.




shown in Table 2. 20 Table 2 Nane of strain Specific BRD activit U )
'E.coli HBIOL(pUCNT) <0.01 E.coli HBI O (pTBH) 0.06 E. c8|§epi¢81@1é8&3§55m
'0.61 [Mcrococcus |uteus | FO 13867 0.06 As for E.coli HB101 (pTSBH), a
-distinct increase in BRD activity was observed as conpared with E. coli
HB101 25 (pUCNT) which is transforned witrgl3 the vector plasmd alone and,
‘when conpared with the strain M croco_ccu§ |uteus | FO 13867, ot he activity
:was about 10-fold higher. Sept enber 2003 29 (Exanple 10: Sinultaneous
expression of BRD and GDH in reconbi nant E.coli) The reconbinant E.coli.

- HB101 (pTSBGL) and HB101 5 (pTSBH, .pSTVG obtained in Exanple 8 were

“cul tured andE43eRked On ShEUd & cotn expae siol dix afpIBRDD ansl @DFe irhe. .
respective celdodd8e8XtE agdisy) Which were assayed for GDH activity in the .
‘follow ng, manner. The GDH activity was determnmined by adding the substrate

‘glucose (.0.1 M, e rErathdiajite ( HBIA) itSRGIe ey rHBI®L 1 M Tris

~-hydrochl eri de M erpdmid)8. 4P Ak dreas ufi g, f heg !ﬁ&f@aéfﬁ@re@ba%?é bance at
the wavel ength 340 nm at 25C. The enzynme. “activity capable of reducing 1
pnol of MD%EE@%PI-‘F ither S MBI F5 t%%xalm&i%nt@Mmﬁm.was _
defined as lrepaitidve the BIRACUMIAMES @80 dELAL Maeh L L2 SR
manner as-in Exanple 9. Thus-determ ned BRD and GDH activities of the

Ccel - free. 0ATAHE et i F Bhdpieiiedranper. The GDH activity was
K .. determined by adding the substrate glucose (0.1 M}, the

- 10 coenzyme NADP (2 mM) and the enzyme to 1 M Tris
'?;— - ‘hydrochloride buffér (pH 8.0) and measuringrthe increase in
"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
,iactivities of the cell-free extracts were each.expressed in
- terms of specific activity and compared with those of
E.coli HB101 (pTSBH). and HB101 (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(>TSBG1) 0.52 89
E.coli HB101{pTSBH,pSTVG) 0.69 3.2

As for E.coli HB101 (pTSBG1) and HB10l (pTSBH, pSTVG),
25 distinct increases in BRD activity and GDH activity were
observed as compared with E.coli HB10l1 (pUCNT) .which is

tfansformed with the vector plasmid alone.



terms of speC|f|c activity and conpared W|th those of |
.(pTSBH). and HB101 (pUCNT) which is transfornmed 20 with t é’t%%?ré%g’ll one.
‘The results. are shown in Table 3. Table 3 Name of strai.n Specific BRD
activity Specific GDH activity (U ng) (U ng) E coli HBLO1(pUCNT) <0.01
<0.01 E coli HB101(pTSBH) 0.61 <0.01 E_goli HB101(pTSBA) 0.52 89 JE. coli
HB1O1( pTSBH, pSTVG) 0.69 3.2 As for E. coI| HB101 (pTSBGL) and HB101 (pTSBH,
pSTVG), 25 distinct increases in BRD activity and GDH activity were :
“observed as conmpared with E.coli HB101 (pUCNT).which is transformed with
t he vector aasmd al one. 2 Septenber 2003 30 (Exanple 11: Synthesis of

(S) - N- benzy| ESaRA%1 b i néWnFP@ﬁwlSNﬁtﬁerfﬁerngw& iSdoysre Lisiing L from
Feconbi nant M=y IrPHEacd 1 I ddid PR il

fluid of the recor¥b| nant E. coI| HB101 ‘irg%ﬁg obt alrgtgdr}iﬁ‘?—cnéiﬁxra}%p 9 was :
ul trasoni cal ddong Q]BWEF}EF?E 250 (product of BRANSON). To 25 ni
of this scell d| Sﬁlﬂﬂétlcﬁltfdrlél & MBIE oaﬂddﬂfé L3R 10dn 191RIGRS6. I%Q'Bidfogenase
(product of mano %rma,ceutlcal gq of 10 gI ucose, of NADP and
'0.25 g of N &% WL eaean o i wdire uiteed

stirred at’ @Cﬁg\mstdmmfiﬂdjzw e@_‘:ﬁdﬁnﬁ:é S5 BANE Ay diC Blso ki C ogCirg 5 Qr
-sodi-um hydromﬁ5 N- be zyl ol i di no e was added thereto . at. an
Ciriterval of G258HFRE lﬁﬂnc efrl"éﬂ{il"‘fql%?n ded 15 33QthIobfaigpse of -

“N-benzyl - 3- mar}ry@iﬁdﬂ;eim @rddudig, oﬂl\@ﬁnazfdlrmhﬁfmé?ém.tﬁlr&heﬂ for. @Q howr s.

_"SA‘];B?LmCQHD eyl %rc])scg, t;' E‘0 reactl Il\ﬁ-{bP and Og a 05f I\l/\IT—abgeunezO}yls—Bs—m ution of

: : _pyrrolldlnone. 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 0.25g/hour. After addition of a

15 . total of Z.Q g of N-benzyl-3-pyrrolidincne, stirringlwas
further continued for 20 hours. After completion of the
reaction, 2.5 ml of a 5 M aqueous sclution of sodiﬁm
hydroxide was added, the mixture was extracted with toluene,
and the solvent was removed. Analysis of the resultlng

20 extract revealed that N-benzyl-3-pyrrolidinol was obtalned
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 Nmbenzy193~pyrrolidin0ne and N-

25 benzyl-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).



-hydroxi de was added, the m xture was extracted with tol e
';s‘gl vent was renoved. Analysis of the resulting 20 extrag@lp&%/"é%ﬂrggbghat
‘N--benzyl --3--pyrrolidinol was obtained in 74%yield. The _
-N-benzyl -3-pyrrolidinol produced on that occasi on was the S formw th an
opticcal purity of not less than 99% ee. sThe quantity of . o
‘N--benzyl - 3--pyrrolidinone and N 25 benzyl-3-pyrrolidinol was deterni ned by
.gas chromat ography (colum:. Uniport B 10% PEG 20 M(3.0 mmID x 1.0 n),

col utm  t enpéEmamp ke JZDOCsyrrtaferSJ.@r Qifais dmI\I—ﬂ:iwlel yld@lpgﬁ:tt r'dld'ldéﬂo@) Frohfl®
ptical N-be y[rolidino et erm ne y

or for manoe TLACH &Y Eh ORBE BT MR NS0T O LHRE o b € b CBLE A aRIgte of

Dai cel - Chem cAl ﬂlhtﬂ]tltl&h@cmes)expielﬁmon mﬁm%m@@l&@@@' / di et hyl am ne

950/ 50/ 1, %‘y%%g%enag‘% mn, detection: 254 nm . 2 Septenber 2003 31

(Exanpl e 12 (S)-N-benzyl - 3-pyrrolidi noI from
- N-benzyl 53-pyrrol it nbﬁenhsamgtheeomrﬂtnumtfﬁmldf C@@M@:orﬁfuﬁﬂ'ﬂ“ t aneous

~‘expr.essi on of u ehydr ogen § of the culture -
PO of t hereebnadl 68 e 7 AP b n%dﬁ’?lﬁa RS & P ver
added 2.5 ggoff ghlieosss, 3 00 mwfmmm%?ggajfdm%t 3%@533~th o .
‘pyrrolidino ion,mxture was stirred a Wi
. adj ust ed tor%g usjfcﬁlgﬁ%{?\sﬂ h?}@r och r% Sc TRECHIOR 16X TFEUMRy dEIxiEae. x:
'N-benzyl - 3- p3R ol vk mapie a/ﬁslsfd@lbdto tEheEf als:mfaj I\':Elm mycﬁfozcaﬂdﬁuﬁ a7<£5jgid noﬁoer
‘hours: At er s&idih i t o) enz yr [
Cstirri ngtJ was furt h c%%tc?%ué%a% %17 %ﬁrm%?bleq I{%ﬁbﬁ%ﬁ%ﬁe t he:
‘rleaction, 1.thewelyd at S iavuaosl smﬁ W iy /OF ok aum 1§fh¢dra&ddelms '
added, the M X6 MBS daf(tlr at?tcfdof“ﬁ rbér?é;}ienje—‘ yAlh tcﬁenosnoe!,v r’:tlrrlng
-rermved Anal ysis of the resul
: - was further contlnued 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. Analysis of the resulting
'extract revealed that N- benzyl 3-pyrrolidinol was obtained
in 923 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.coli HB10l1 (pTSBH, pSTVG) obtained in Example 9 were
added 2.5 g of glucose, 3.0 mg of NADPVaﬂd 0.25 g of N-
-benzyl—B—pyrrblidinone. 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

- 0.25g9/hour. After addition of a total of 2.0 g of N-



ext ract -reveal-ed t hat N-benzyl--3--pyrrolidinol was obt yi el d.
.The N-benzyl -3-pyrrolidinol produced on that occasion %@eﬁﬂgb%@%@é m wi t h

‘an optical purity of not less .20 than 99% ee. (Exanple 13: Synthesi S of
(S)-N-benzyl -3-pyrrolidinol from N-benzyl-3-pyrrolidinone using

recombi nant E..coli capable of sinultanegus expression of BRD and gl ucose
-25.. dehydrogenase) To 25 m of the culture fluid of the reconbinant E. coli
HB101 (pTSBH, pSTVG obtained in Exanple 9 were added 2.5 g of gl ucose,
3.0 ng of hmmaylbl—m—ﬁﬁrgobidi\hoﬂnenzytlﬁrm@r@é$ df@@@l@er%ﬂlﬁlﬁ@éé t&action

m xture was re 30C wi.t ted to 6.5 usj .

‘hydr ochl ori cfgcf?jﬁfogr %ﬁ“%t?rﬁ &pc}ﬁ Cﬁé Jieast iy o P%i“ﬁoﬁ’(; Was® added
“thereto at df amteowsalsoiutidn %g/MrumAﬁy@roﬁth@ @cﬂd@dI of¢ of 2.0 g
-of N 2 Sept 0 2 V4 rroll [ none, |rr|n sfurther -
continued fo ?L%g%o"ﬁ?g }%%eéf{t%%n‘g 23 5?1 B he? IP‘% %t Madf-a 5 M
_aqueous %ol ummverﬂ s @dialmshysdrodxitthes wimss v dded; d}&‘lﬁ:amD(trLH@aVJ@Si exdact ed
V\nthtoluen 5 removed. Anal he resulting
“extract reveal %gtes s&%]g&nizy&%o py‘l‘l?’%nqﬂ b?e%#o%{?%u in g3 el d.
The N-- benzlwn&fbyi*ﬂmﬁmhnhrmbmmdtdjmttma@ct@msﬂ@s e theform-

“with an opti y...0f %ee 10 | NDUST L APPLI CABILITY
“As a result jie) néﬁ%'#t%gargfoﬁ@f%%f:ﬁ#fﬂg *h Ihgg% Z¥me activity

in asymetrically reducing N-benzyl- 3- pyrrol | d| none to produce

(S)-N--hegnzyl - 3-pyrrolidinol IgngSq. §IA¥‘s %’Pﬂ&c&a@?ﬁ‘f‘i’l eoti de seqguence

t hereof, it has becone 15 poss al n-a transformant capabl e of
producing, at hidt Iee\ﬁ"eq%lltlﬁecﬂmxellpblq@@otgm dft shaso lahsep thietone

having enzyme activity in asymmetrically'reduCing N-benzyl-
3-pyrrolidincne 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 obtaln a transformant capable of producing, ét
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.



possi ble to obtain a transformant capabl e of producing, hi gh | evel s,

t he pol ypepti de and gl ucose dehydrogenase. sinultaneouéf%?m$mggﬁgpﬁore,it
has becone possible to 20 efficiently synthesize

(S)-N-benzyl -3-pyrrolidinol fromN benzyl-3--pyrrolidinone using such
transformants. 2 Septenber 2003 33 CLAIMS 1. A polypeptide in isolated or
purified form having the follow ng physicochenm cal properties (1) to (5)
: (1) Action: It asymetrically reduces benzyl - 3- pyrrolidinone to
produce (S)-N benzyl-3--pyrrolidinol wt NADPH as a coenzyne; (2) Optinmum
action pH 4.5 to 5.5; (3) Optimum action tenperature: 40C to 45C (4)

Mbl ecul ar wei ght: About 29,000 as det &IRIM& by gel filtration analysis,
about 35,000 as determ ned by SDS-polyacrylam de gel el ectrophoresis

anal ysis; (5) Inhibitor: Ii is inhibited by the dival ent copper ion, which
is derived from &-ni cPooPganPSRTLB8I oAb ngSPo2tRE gBRUSPWFEFé8BccE’T™MR. The
pol ypept i dehawingol ahed £ylawidg epHarimochasciarai ng roptadign 1,(1Wwhetgi n
sai d nicrooq nismis the strain Mcrococcus luteus | FO 13867. 3. A

pol ypeptide ‘in‘isolated or purified form described in the follow ng (a)
or (b): (a) A pollypephiciéchavi A t Aeyamehoiasldysegadnces shobenapnted- SEQ
IDNOI in gg%_r%@(iu@ﬂ%ﬁd & | PPoahbe Ac,sgdw%zﬁe%\yﬂ%ﬁm%lnow%hd

sequence obfainable fromthe amno acid sequence shown under SEQ ID NO |
in the sequinlef A8t PnGOBPZ&lBsti tution, insertion,
(2) Optimum action pH: 4.5 to 5.5;

(3) Optimum action temperature: 40°% to 45°%

(4) Molecular weight: About 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, which 1s derived from a microorganism

belonging to the genus Microcoécus.

2. The polypeptide in isoclated or purified form,
according to Claim 1,

wherein said microorganism is the strain Micrococcus
luteus IFO 13867.

3. A polypeptide in isolated or purified form,
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;

(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-
benzyl-3-pyrrolidinone to produce (S} -N-benzyil-3-
pyrrolidinol.



del etion and/or addition of one or nore amno ‘aci ds and ving e
activity in asymetrically reducing N benzyl-3-pyrro|ia?%@h@%ﬁﬁgé¥g§uce

(S)-N-benzyl -3- pyrrolidinol. 2 Septenber 2003 34 4. A DNA in isolated or
purified form coding for the polypeptide according to any one of Clains 1
to 3. 5. ADNAiIn isolated or purified form coding for a polypeptide
havi ng enzyne activity in asymetrically reduci ng N-benzyl-3-pyrrolidinone
to produce (S)-N—benzyI-S-pyrroIidinoIqﬂand hybri di zing with a DNA havi ng
a nucl eoti de sequence shown under SEQ I'D NO 2 in the sequence listing
under stringent conditions. 6. A DNA in isolated or purified form coding
for a pol ypepti dé-havAndénzimeigetptpdy dm pasiired r fean) y aosdas nEer

N-benzyl - 3- pyer gbhg}aegegdéoac_ebee%? £8) anlt BEBZYE- c3a1p¥r 1okbdinol, and
havi ng at | east” 60% sequence identify with a nucl eotide sequence shown
under SEQID NGO 2 in the sequence listing. 7. An expression vector

cont ai ni ng DNAs &ccordi pga tia asplanedobrChart€iddt dobm, 8. The expression

vect or accordi ng . ai , i i I I pT§§§{ ) ressi on
vect or accordingc%g%gﬁafﬁ%;,a:gﬁéibéé%ﬁggngggagﬁA co ﬁg_F§E§§§§§|y§§ptide
having gl ueeyengehyjdrdgenaseredidiqy. YNobeTheledppessicdadiaensr ackeerding
to Claln}9,prgﬁg5g|qS§aNdbgghymeQLFQQrgqgumquLuggae dehydr ogenase activity
is a Bacillus negabenlunxderlme gl ucose denydrogena e. .
ybridizing with “a DNA having a” nucleotide sequence
shown under SEQ ID NO:2 in the sequence 1listing under

stringent conditions.

6. A DNA in isolated or purified form,
coding for a polypeptide having enzyme activity in
asymmetrically reducing N-benzyl-3-pyrrolidincne to
produce (8)~N-benzyl-3-pyrrolidinol, and
' having at least 60% sequence identity with a
nucleotide sequence shown under SEQ ID NO:2 in the
sequence listing.

7. An expression vector containing DNAs according
to any one of Claims 4 to 6.

8. The expression vector according to Claim 7,
which is a plasmid pTSBH.

9. The expression vector according to Claim 7,
which contains a DNA coding for a polypeptide having
glucose dehydrogenase activity.

10. The expression vector according to Claim 9,
wherein said polypeptide having glucose dehydrogenase
activity is a Bacillus megaterium-derived glucose

dehydrogenase.



2 Septenber 2003 35 11. The expression vector ‘accordi ngat i m whi ch
is a plasmd pTSBGL. 12. A transformant containing the g%rpg@eéﬁa\%ctor
according to any one of Clainms 7 to 11. 13. A transfornant contai ning both
the expression vector according to Claim7 or 8 and an expression vector
containing a DNA coding for a pol ypeptide having glucose dehydrogenase
activity. 14. The transformant according to Claim 13, wherein said

pol ypeptide having gl ucose dehydrogenases, activity is a Bacillus

megat eri um derived gl ucose dehydrogenase. 15. The transformant according
to any one of Clainms 12 to 14, wherein a host thereof is'Escherichia coli.
16. The transforfént A8€or BXKRESEBLIONai FEABOT \AICH FiEséRer CEALE cbP i
HB101 (pTSBhhich7isThepteansbopmertziaccording to A aim 15, whichis
Escherichia coli HB101 (pTSBGL). 18. The transformant according to Caim
15, which is Escherichia coli HB101 (pTSBH, pSTVG. 19. A production

met hod of (S)-N BénzyPR- FarBepimmier 20082 B8ipyr tbki dixmdesninpr i s¢ogorn st ep
of reactingthe Lransker apot jaccerdi-Ag ke 3Ny, ng of lainms 12 to 18
and/or a treated product thereof wth N-benzyl-3-pyrrolidinone, and . a
step of harvesting the thus-produced (S)-N benzyl- 3-pyrrolidinol. 20. The
met hod accordi ngi18qQ Chai frdfAsformant containing both the expression

vector according to Claim 7 or 8 and an expression vector
~containing a DNA coding for a polypeptide having glucose
dehydrogenase activity.

14. The transformant according to Claim 13,
wherein said polypeptide having glucose dehydrogenase

activity is a Bacillus megaterium-derived glucose

dehydrogenase.

15. The transformant according to any one of Claims
- 12 to 14,
wherein a host thereof is Escherichia coli.

16. The transformant according to Claim 15,
which is Escherichia coli HBLO0l (pTSBH).

17. The transformant according to Claim 15,
which is Escherichia coli HB101 (pTSBG1).

18. The transformant according to Claim 15,
which is Escherichia coli HB101 (pTSBH, pSTVG).

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



wherein the step of reacting is carried out in the pre enzynmne
regenerating system ABSTRACT The present invention p?S%% rﬁ§r§8§€e|

pol ypeptide producing (S)-N benzyl-3-pyrrolidinol, a DNA coding for it
and a nethod of using them A polypeptide having t he foll ow ng

physi cochem cal properties (1) to (5 : (1) Action: It asymetrically
reduces N-benzyl-3- pyrrolidinone to produce (S)-N benzyl-3-pyrrolidinol
with NADPH as a coenzyne; (2) Optinmumagtion pH 4.5 to 5.5; (3) Optinmum
action tenperature: 40[err]C to 45[err]C (4) Molecular weight: About

29, 000 as deter g filtration anal ysis, about 35,000 as

determ ned BYy*tS bBP? VPﬁﬁ?Hngel el ectrophoresis analysis; (5).
Inhibitor: It |Sa|mhemiuﬁjﬂge¢ﬁmn@|vnéentansﬁppﬁantOBCCEMﬁhhgrtdaany

oL ypent | deohavidio g A0 59 Adl C18eauenee Shoainger SERJD Mddp the
seqguence Ilstln havi am no. aci &

obt ai nabl e WFEH\theaﬁV 03a§N§r§éadéﬁ@éesh@mﬁ under SEQ ID hK)l in the
sequence |isti ngabxet %ﬂtH&t@@stiﬂéerchbort,hu%r%tdu%aanpé)OIN—EWAHPD of
one or nnre3an1no ind havi ng enzynme activity in asymetrically
reduci ng N-°"B&RZ§ l§189 rolidinone to produce (S)-N benzyl -3-
pyrrolidinol. -

20. The method according to Claim 19,
wherein the step of reacting is carried out in the
presence of a coenzyme regenerating system.
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ABSTRACT

The present invention provides a novel polypeptide

-'producing {S)—-N- benzyl 3- pyrrolldlnol, a DNA coding for it

and a method of u51ng them.

A polypeptlde hav1ng the follow1ng physxcochemlcal

”3propertles (1) to (5):

(1)  Action: It asymmetricelly reduces N-benzyl-3-
pyrrolldlnone to produce (S)-N- benzyl 3 pyrrolldlnol with
NADPH as a coenzyme;

(2} Optimum action pH: 4.5 to 5.5;

{3) Cptimum action temperature. 40°C to 45° C, _
- (4) Molecular weight: BAbout 29,000 as determined

by gel filtration analysis, about 35,000 as determined by

SDS polyacrylamlde gel electrophoresis analysis;

{5) Inhibitor: It is 1nh1b1ted by the dlvalent
copper ion. - _ o

Further, atpolypeptide having the_amino acid sequence
shown under SEQ ID NO:1 in the eequence listing; or

a polypeptide having an amino acid sequence

- obtainable from the amino acid sequence shown under SEQVID

NO:1 in the sequence listing by substitution, insertion,
deletion and/or addition of one Or more amino acids and

having enzyme activity in asymmetrlcally reducing N-
benzyl-3- pyrrolld;none to produce {S)-N-benzyl-3-
pyrrolidinol. '



