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DESCRI PTION  D- AM NO ACI D OXI DASE, AND METHOD FOR
PRODUCTI ON OF L AM NO ACI D, 2-OXO ACID, OR CYCLIC

IMNE Technical Field 5 [0001] The present invention

rel ates to novel D-amno_acid _ oxidase produced by a

ni croor gani sm DNA encodPRGEFREEIGNd et hod for
prodatNonaefiD-GXIBASAC ANDX iMIRPROYSFB®R PRODUCTION OF L-
m croorgani smor transformant having an ability to 1o
produce DRMHN HETR, 02 8FOe AGED nePR &Y CIAGIIMINBNL
producti on nmet hod of LnghQ%ggickigigxo acid or

cyclic 1imne, which uses am no aclrd oxi dase.
€oesst} ef erence to the Rel ated Application [0002] 15

Ful | di.scl osure_ of .Japanese Patent plication No. | ,
2005- 3755087 PRI Ed URIGINEL 07 SBASF Sahd- 9 apaReLe Dpameto acid
Apinda st berdite 2096- 118408 ddrid£6i ARN T D, e #098) ng same
i ncl udi ng description, clainms, draw ngs and abstrac?

g NetBPPofRed HeABFRESThHY i P erBhBe. 320 Baekiydesadusing

| ﬁﬂiCLQQQ%{ﬁ%&gr@ngLg%f Rgv&hggéﬁgeaéﬂfity to

vari ous such™as extraction pro
rotetiical Dsypmtinat | zcidethadasfeer nest akilan aetdwdefficient

nzymatical synt heti 5 nethod and the |like ar )
SRGUIEL AR SRAET I 6F fratad T Rquiresi acid or cyelic
ingirge; swBliehf atiddty-bRinBUEJi £abk9Rakk . protein .
hydrol ysates. Since am no acid produced by a chem ca

synt het CF S TBELpFegaiterie | yhenReda tied Application

1@ €, production of an optically active form 30

requi res an expensive resolving agent, an asymetric

~ cat al ystt lamdli shéobuke. cihefJdpanestatiznemet Apglication No.

i | ar.ge- scal ification facjljt in
IFBET08 o Hr S BudrBteimnedihe) 8281 vl sauBatent
Hpﬁiitéﬁmbﬁom@mﬂZG@60m19a®®iéfimééih@@ﬁiﬁgﬂ,t@§06)

e

synthesis of 35 non-natural am no acids.
%PEaﬁ%ﬁﬁﬁ#ﬁﬁ%%nl claims, drawings and abstract is

incorporated hereinto by reference.
' Background Art
[c003]

As production methods of L-amino acid, various
methods such as extraction procedure, chemical synthetic
method, fermentation methed, enzymatical synthetic .
method and the like are kﬁowh.' The extraction procedure
requires a large-scale facility for purificatioh of
protein hydrolysates. Since amino acid produced by a
chemical synthetic method is generally in the form of a
racemate, production of an optically active form
requires an expensive resolving agent, an asymmetric
catalyst and the like. The fermentation method requires
a large-scale purification facility as in the extraction
procedure since the resulting product has a low
concentration, and is unsuitable for the synthesis of

non-natural amino acids. The enzymatical synthetic
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met hod avoi ds these problens by utilizing an
econom cal biological catalyst, and can provide an
efficient production nmethod at a |ower cost. As an
tical synthetic nmethod of L-amno acid, s for

TN e T3 AR TGt T P HEP MM | R L Qo 3 gomomi cal
hﬂnxbgutalpcamd¥¥§wjda@al@@%@pﬁb%ﬂa@ﬂad1¥¥¥ﬂcient
D-am no, aci d oxi dase (enzyne No. [EC1.4.3.3]) is an
PERAE t PRt MEHIA T edt [ ahPHETaci@S tn the presence of
| 0 OXXGeRANL PUAGNGES A A0E0: PR! QX ifsq 2 0XR 86litho aciq,
and ammoni a. am no aci d oxi das€ i s known tTo havé an
fiordstanhpl by esefatthedtinclydsuch asaprtacdyctdiaaremiclamino

i no_aci d_and .2-oxo_acid by stereosel ective oxidation
a%??drqa‘”élewCDEW&OaC?%l,gaﬂﬁl%éﬁegq i%2. KPA¥Addi tion, L 15
foopalacid is a useful conmpound as a synthetic
internedi ate for pharmaceutical products and the |ike,
and aPsREefEherClfioossHasks (erryBegdiv snEE@todudi-dd) is an
eR A0 BE+ d oKl L Bga&gh&agggﬁfinTEh%ogygﬂghce of
variabilis (Patent Reference 1), usari um oxyspor um
CkFatcanta e f prouor el  h@dndoda pgaopktdbi s 2(-Now RPade8f and

ference 1) and the .ljke are known, each_of _ which
R v Bl 8315 T L0r SPed® KRRMENEOpPOFS: B2

inkersofihave beeyril aidtiediyl Buds 84dbhic@ct®od Oof L~

the expression of D-anmino acid oxidase _gene in a
AR FAFF RANBD Gt Hato#A yehd@sbdersitaee e sorectdve oxidation

o@XdMlens d" LeANCPS s yarkall ks (ff‘%&'f‘t [ghaneI o, -
Fusarium sol ani (Patent Reference 4), Rhodotorula
agilag ldeid Pasent wRefukncembpunCans da beindiheitdid Non

: tent Reference 2) are known. For high production,
L B A b EeS S fin it IR, RioAurE Pt Tike,
amanya casesStena et hod of highly produci ng an enzyne,

ghich i ncludes culturing while suppressing
QPP&dsion, and then adding an inducer and the Iike,

i's kngwnm i3 J 0P8 i sms producing D-amino acid oxidase,
for example, Trigonopsis variabilis (Patent Reference 1},
Fusarium oxysporum {Patent Reference 2), Candida
tropicalis (Non-Patent Reference 1) and the like are
known, each of which enzymes was purified and isolated,
and the properties thereof have been clarified. In
addition, as to the expréSéion of D-amino acid oxidase
gene in a transformant, that of genes derived from, for
example, Trigonopsis variabilis (Patent Reference 3),
Fusarium solani (Patent Reference 4), Rhodotorula
gracilis (Patent Reference 5), Candida boidinii (Non-
patent Reference 2) are known. For high production of D-
amino acid oxidase in these transformants, in many cases,
a method of highly producing an enzyme, which includes
culturing while suppressing expression, and then adding
an inducer and the like, is known.

[oo06]
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2 As regards Candida intermnmedia bel ongi ng to Candi da
genus, it is known to have a D-am no aci d oxi dase
activity when it is in crude enzyne sol ution

Non- Pat ent _Reference 0007], Moreover, as an
énzymﬁlcf%@%f 8t FeIRet 4QMF%FLEm%§ﬁQNP%k?%glF8rto Candida
exaip| eita iR adusth obo NBRRed apyDaaﬁEﬁbe%cﬂdWc%EﬂiQEe
reaction, wherein L-amno acid is produced by

3IaEY1 Y WACEI L ahf nbnaciraids tenpyaai 5O ladiiboxidasePatent
A &PLHQ.ashd dehydrogenase and an enzyme having a
coenzyne- regeneratlng activity, is known (Non-Patent
Refoé@ridhces 4, 5) However, the methods disclosed in
Non- ent_ References 4, 5 have problens, fo
indusﬁ%;ﬁov%ﬁpl?éa?PoﬁqﬁﬁﬁﬁgéclFXQ&%EF%% BRthod of L~
senipensa¥edi, s feanmeEshal by @“ﬁf@@u@t@B%Yﬁ%ﬁHHHaby a stereo
purified enzyme from a mcroorganism [0008]
%ﬁﬂ%%s%ﬁpsr&ﬂﬂﬂ%ﬁﬁ f%FEéﬁwﬁﬂﬁraelnetﬁ@id(ﬂﬂnprednged by
AP § gr%@%ﬂ%Etéﬁiﬁg Q%B&”quﬂanémﬁ%yHg%fQ oxidase,
respectrrve genes enco am no aci @ oxi dase. ~ ann
amﬂmbdehydrd@hyﬁﬁnganaeazwmwPEW|egzgmennﬂﬁ1ng a
neratln act|V|I tlng sgne with racemc
éﬁﬁ#%%. SES TG %n?ﬁ %%ﬁ i sLRnEMAVEPR —Patent
Risef et €nees6 ) AQQOVmﬂﬂhéﬁbkhet@kﬁ%@ﬁﬁogﬁseﬁegﬁeééﬁ2§n Non~
Pat ent Reference 6, however, the concentration of L-
Fafight aRed emeémﬁ:%dﬁl by5 ahA&gc t owb Lisihag Fotre mdustrlal
t Ahout 2 ch_i an
aFﬁﬁﬂﬁ%?FgPB Ef% UCtIO% gat ﬁfﬂ%%fg?eﬁgggﬁnge
QﬂmﬂﬁﬁQ15@1@7hvaﬂ1&b&enEn%Mﬁﬂfnme 2: plkiAikld 3d848Re from
t.ent Reference 3: JP-A-63-71180 Patent Reference 4:
E@EEE%QE$§ Blt'ent Reference 5: W97/040171 Patent
Retbersgnce 6: W05/ 090950 35 Non- Patent Reference 1:

"“Sone Properties of Peroxisone
To solve this problem, for example, a method

comprising preparing and culturing a transformant having
respective genes encoding D-amino acid oxidase, amino
acid dehydrogenase, an enzyme having ccenzyme-
regenerating activity, and reacting same with racemic
amino acid to give L-aminoc acid is known (Patent
Reference 6) . According to the Examples described in

Patent Reference 6, however, the concentration of IL-

- amino acid produced by a reaction using the transformant

30

35

is about' 25 mM, which is low for an industrial
production.

JP-B-62-501677
JP-A-11-318439

Patent Reference 1
2

Patent Reference 3: JP-A-63-71180
4
5

Patent Reference

EP-A-364275
W097/040171
Patent Reference 6: WO05/090950

Patent Reference

Patent Reference

Non-Patent Reference 1: “Some Properties of Peroxisome
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B ERate o

3 associ ated D-Amino Acid Oxi dase from Candi da

tropicalis", Agricul. and Biol. Chem stry, 1986, Vol

50, No. 10, page 2637 Non-Patent Reference 2:
"Characterization and H gh-level 5 Production of ) .
2B/ IO ALi B ORI A F A ACKHHH ¢S Boitdiom Candprgsdizopicalis”,
ABirat@ehnokndBeacheMon2R93 £ YOI -1 696, Noo13, sRAYE, 6270,

Non- Pat ent Reference 3: "Production of D-Amino Acid
Pa@dgdas®3 by Candida tropicalis", J. Ferment. Technol .

10, 0 , . R 13 ..Nop- Patent Ref erence

Nﬁ:‘iﬁ ']'%%z?/rr}r%/t #%f%%r?\?g!r)esi%h o?%%éccaecrﬁ%rlffg%ﬁpgniar?eft%lgﬁeleVEl
Pir-clehant i omeo £, D~AGham Sotd Cheadas£ommudandiR, bdolinii”,
13, page_947 N%n-Patent ef erence 5: "Enzymatic

BdPiitesi 8L BFSERPRAl - iR PRfEMTediZR By 8P lomEpat P at 3, Page
cary anti hypertensive drug”, Bionolecul ar Engi neering,

2001, Vol. 17, page 167 Disclosure of the Invention
Nproifl aent oRpéegeinasl by 1'Readnaiht¢ono £ XD60G]im® Acid

.y i i.das i i.,n the presen

O%\E/Hegnétr?oﬁﬁ;i gagﬁlg%zscnﬁg%?ggﬁg‘xs{ di 2‘2'5 Fam gt'acq{edcﬁJHOl' !
1o, presentBd, olNcaxyigenpaged Iy oduces hydr ogen
Nper%gide 2- QX0 aci d and_ammoni a., Moreover, it is_a :
(Pdetii - enkyRET SHENGS abl ¢ PO YAl kF coOnKFEFdigh Oof Racemic

Meeatitd o Oy Bhitl 25 ERg8Ri G N0 ACi 8hEf. Soc. Chem.
gquantitatively converted to L- amino acid via keto '
Caammpror - | kP RB - adicd, - by3 usPageD-% no  aci d oxi dase and

NSHNRACKE febudiaoanase. «ah A0 @ck gy fekdr ogenage o,
and an enzyne havi ng a coenzy regéenefrarting aCtIVI?y.
130 5040} 2 Basolfjeect Omé plter jpreisentni rei Peirs e ive drug”,
rovide novel a.D-am npo acid oxidase. |p addition, _an
Lo G aeRR Ry eRO 1Oto lar PAEE kb7
am no acid seduencs Hubleol AHdrAfidroghdase and
-the base 3s sequence of the gene, and provide a
m cr oor gafirohlems to be Sclved by the Invention
[0009]

D-amino acid oxidase obtained in the present
invention is an enzyme that oxidizes D-amino acid in the
presence of oxygen, and produces hydrogen peroxide, 2-
0X0o acid and ammonia. Moreover, it is a useful enzyme
utilizable for a stereo inversion reaction by which
racemic amino acid is quantitatively converted to L-
amino acid via keto acid or imino acid, by using D-amino
acid oxidase and amino acid dehydrogenase, or amino acid
dehydrogenase and an enzyme having a coenzyme-
regenerating activity.

[0010]
An object of the present invention is to provide

novel a D-amino acid oxidase. In addition, an object of

'~ the present invention is to clarify the amino acid

sequence of the D-amino acid oxidase and the base

sequence of the gene, and provide a microorganism or
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4 transformant having an ability to produce the
enzyne. [0011l] In addition, the object of a
pref erabl e enbodi nrent of the present invention is to
tprovi]ge a tragsfqrnant s that, highly produces D am no
AGP OXTBRRE HRT 17T ndft dRddY it deeeEcanitie sengyme .
gelydrjogenase, and an enzynme having a
coenzyme-regenerating activity. [0012] Moreover, the
present @& Iom, pEbei ddxi et | of ebf paiedier Ppdduetbomliment
t _ = am | -9xo0.,acid or .cyclic impe
hieh el SRR EL et TR e B o Radge i S pant
thledv ériglabgf pro@nice dMeRAsmath oSelddidgo % héa Beokreis
.%8%@%315 In.view of the abqve-nentioned problens, the
s NEQAUEAYoPL AULTOF cBTER® FiFFid i REPDOERGRN e d and an
o045 e 4 ¥ off Candictlen 1 pher FRdleihe ALN Y d o3ty on of
Ebanlno aci d oxi dase gene and expression in a host
8A8dr gani sm and prepared a transfornant having high

20 aci;lvi n f. Dam nop.aci d oxidase
obtai%ggebﬁﬁ%Tmﬁﬁgegg%%%ﬁﬁmﬁﬁY%ﬁ?lﬁPgﬁﬁﬁYﬁékFiéﬁ
eWdsl quiosst bp eodevern avhene ahbtaes ar-aninyascaid,t resko acid

w t hout, using a ans such_as suppressjon of . ,
Céx 5 %n}mgaﬁi'tir‘}gﬁ%tf‘ Bhiliggfcdhanybere INanimy acid

okeaGlddbr WhE bRR vACeR:fs23 @010 acid, D-amino acid
oxi dase obtained in the present invention, solely or

i n conbi nati onMaanls AF a%vhving thaldwobdgmsase and
Egogggyne havi ng a coenzynme- regenerating activity,
roduction of 2-oxo acid or L- amno acid has been
enabl &d, vikiwc o ff estué t i oivie nhen B0o s edPbetdNemé |, t hae
ent invention. 5%5014 The present inventors have

pPGERr LOVGREPES H9REner ool aros hatpPogar e Soid

okfianRsfOrfedth HavdnA L ibrahBeaci & OX| dasg g%‘?;eha@{]gn of
respective genes encoding 35 am no acid dehydrogenase

Dagaiae & OKAdiame egene and expression in a host

microorganism, and prepared a2 transformant having high
activity. In the case of D-amino acid oxidase obtained
Iin the present invention, high production was possible
even when a transformant was cultured without using a
means such as suppression of expression, addition of an
inducer and the like. By reacting, with the racemic
amino acid, D-amino acid oxidase obtained in the present
invention, sclely or in combination with an amino acid
dehydrogenase and an enzyme having a coenzyme-
regenerating activity, production of 2-oxo acid or L-
amino acid has been enabled, which resulted in the
completion of the present ihvention.
[o0014]

The present inventors have further conducted
intensive studies and prepared a transformant having a
D-amino acid oxidase gene, and respective genes encoding

aminc acid dehydrogenase and an enzyme having a

5
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5 coenzyne-regenerating activity. In general, a
transformant having plural and different enzyne genes
is expected to show decreased prouction vol une of
each enzyne, as conpared to transformants

AR ERReRE B NS Hadvihg RESPFdINe drivyFRNgERSs. &
W  SHRFhY. hﬁﬁ%ﬁﬁfrplgkggya%@YQiiﬁfggeh@aEﬂlHﬂn@ genes is

pref erabl e enbodi nent” o present inventio
et ol nhat shaw n@efar&aﬁdn@mcdu@m ctaiemgaemaf aadh

R S L A RS Sl

Hauﬂm@SEdspéHEMﬁa/eﬁ&yﬁe teneane auldp esiBIYN However,
mi.no aci d oxjdase by not |ess than 50-fol d as
g&%b&?ae&ﬂet 608G 43 or ndifit 2h&@FHF e beafihe digient of the

pPeSase 9RPEnRI1YIE, (§°E£§ﬁFQ%qlnﬂsgﬂ$ Oon 5 PXAPIE Dlzamlno aCld

nentloned bel'ow). 'is [0015] Her et of ore, Wt regard t
ox itdpFe f 9e ant alﬂf@ug@nas Bne;mdimr_acardlnm dasel gene and

i de h diff t
o TR ot BB YRET i Ror abr e

ﬂégqperaﬂiﬂg a@uivkﬁwdEBga@a%m éﬁbﬂ@ﬁsed activity value
coen f enerating enz¥ne an enbodi nent wherein
?l%? gu6ﬁ Biet WD 8 7%@%%%eaﬁﬁﬁk@&%ﬂase by not

l'e‘?s“é eased 58S reaad £d-5HAp Qr%ﬁa%oénﬁgéﬁg@ﬂﬁrga having a

D-am no acid oxi dase gene al one 1 s not nown
Deearipl e, a¢hd qmmﬁaﬁnwmenﬁedlaﬂ&nwc@@tespmnﬂihg to

E\%ﬁw\é‘gm&%n ?% QL daes, ! :}?Zg g:)ns;:]loose an enbodi nent

activi aci d oxi dase of a
loausﬂornant haV|ng genes of D-am no acid oxidase,

am no_aci d deh drogenase and _an enzyne having a
coenz ﬁEeﬁ&ﬁR%?atWhE ha&99A %Y FAcPedded 5o rB8Rpaléying a

Q@i i anstgr es&ritdamaénaa 8 DPramdi agl dpexia d%‘%}e@

gene al one. [0016] The fact that the above- I one
Porlatpstol heat havaning réspéetriend genepmshews irity from that

JETESRY LILOVGH B T 00201 200 252 P LI B8nace,
aoxi dosengene -aloRterating enzyme), an embodiment wherein
the activity of D-amino acid oxidase markedly increased
as compared to a transformant having a D-amino acid
oxidase gene alone is not known. For example, the
aforementioned Pateni Reference 6 (WO05/090950) does not
disclose an embodiment wherein the activity of D-amino
acid oxidase of a transformant having genes of D-amino
acid oxidase, amino acid dehydrogenase, and an enzyme
having a coenzyme-regenerating activity increased as
compared to a transformant having a D-amino acid oxidase

gene alone.

[oo16]}

The fact that the above-mentioned transformant
having respective genes shows a remarkably improved D-
amino acid oxidase activity as compared to a

transformant having a D-amino acid oxidase gene alone
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| O%Baa%ﬂﬁbep i 4B GePRALE¥3D

6 was found by a special attenpt in the present

i nventor. Moreover, an efficient production of

L-am no acid has becone possible by reacting a
transfornmant having genes of D-am no acid oxidase,

Y& rf‘go%‘#dbéfeﬁycﬁ%%h%%easﬁ&mm Sieng)AePESRSRYF inventor.

MEQRIAYAE; I 80 RET Al d N\ BCHEY Yot VMW CHel §,— 9RLA NEk 4 N5 s
a preferable enbodi nent of the present invention,
bfiadne aeeatdbdm fy aceadctwhiock resams Bdrimantt Heving genes

)l et | f..the pr nt Lnuention. .[ Q017 10
Oxggrag‘ﬁinlg{;ygctl#; Op}fj'ecg%% 7i Aventd o%ch%sgfa%‘égdrfoﬁef%%\f%gand an
eorzeymer Iphulak chermcyretstgenedd]ifpeaetiviey, which is

racteristics of_the Eﬁr%esent invention is a

CER&CEL IR br féditRcamresent

iRAN MG &n P @RI 1a0d & DX dASQ AGH Vg t ywh\f’?' kae*gm{%& in
i's follow ng physicochem cal properties: B nol ecul ar
the gmmpheteon &f vidighprabeot 25v@00iovl.ecul ar
Eﬁiogqt of subunit about 42,000; (2) range of
perative tenperature 20 tenperature range at | east
20C -A60Crdi(rx3)lyangacofp repssat | VAaveH tikbt ange ahe
fI ﬁg;t 6 - 10.5. %2{; One,  of _the characteristics of the
29 n9BAt i°dn P 3! psPypestticdel 3t i€He fol | owi ng
[43) odd)oprthe) tmdfdt8rPokYRePd e RAVLRG N8 A POntion
.acid sequence shown in Sequence Listing SEQ I'D NO 1,
1€hR Pphyypepiicdde demd ngdahram ferrtidaseqienredia and
rel n a few,anir I ds_,of the am no,acid
h\gg?l?gwcr:ée Bsﬁ%\%&'q na%\é%uénﬁgga%i%staicntgl%ﬁ%vrDWIQCJJChlcké?% the
Toulistw ing edhy3d datseshedal dekreiped-tangs or added, and
Egvi ng a D-am no, aci d oxidase-activity; (c) a
(5ol RF4L2RaviFigHn ani no aci d sequence having a

mBQRR Oy r Of e ROh H @3S thaps 8%y th the anmino acid
sequence shown in Sequence (isti ng SEQID NO 1, and

myd efaid g Webolyh o azhbudnktdasewct42i 090;

(2) range of operative temperature

temperature range at least 20°C - 60°C;

(3) range of operative pH

pPH range at least 6 - 10.5.

[2] One of the characteristics of the present inventicn
is a polypeptide of the following (a), (b) or (c):

(a)} a polypeptide having the amino acid sequence shown
in Sequence Listiﬁg SEQ ID NO: 1;

(b) & polypeptide having an amino acid sequence wherein
one or a few amino acids of the amino acid sequence
shown in Sequence Listing SEQ ID NO: 1 are substituted,
inserted, deleted and/or added, and having a D-amino
acid oxidase activity;

(c) a polypeptide having an amino acid sequence having a
homology of not less than 69% with the amino acid
sequence shown in Sequence Listing SEQ ID NO: 1, and

having a D-amino acid oxidase activity.
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7 [3] One of the characteristics of the present

invention is a DNA encoding the pol ypeptide of the

aforenentioned [1] or [2]. [4] The DNA of preferable
present 5 invention is a DNA of

odi nents of the
ﬁ? PRI B AP d%half%?terl(f"ft)lcs (F BheNRUSEAMHy Arvention
ibase SRAUERCR SIS B %ﬁl%@&@cl%sgfnghéng&%%ngioned

éﬁ? a DNA havi ng a base sequence erein one or
sear of 2<lhe base sequence shown in Sequence Listing

[ tituted |ns rte el et ed
5d/ oljegaggAN(gf eﬁ%%%lgfs%g a Hk?ocf%%ﬁfl %a\}:lqheg present
iDeem nboacid exillseofachiviftalld4king IDNA\ hapd)nga (f):
base sequence .havi ng a honol ogy of not | éss than 67%
@trﬁtﬂ g§é”§‘é¥q®%&%5§h§\%ﬂq%¢% sagiende (Sadyeyce

13EQR 4 By NS o2 1 rangh engoding a  pol ypeptide having a
D-am no acid oxidase activity. [5] One of the

(EharackBRi Seivdg1dfa thespr esentencwenhiorin ome or a few

a lLasm d tained i nsert t he
R T i A e S EEREL
ITheN® ecantimsans upbasmud eaf, ame%cctreanl %?Hbﬁégﬁﬁﬁd/@f added,

th res inventjon is, a reconpi nant asm
"‘\H‘Fﬁr%“‘ﬁoglwaerﬂfb]dif?ﬁﬁpélﬂél m‘ﬁn@eahgelaﬁ@n@ acid oxidase
4aﬁf¢g@9§ enzynme activity fromD-ami no acid oxidase

is additionally inserted into a vector. 25 [7] One of

(tfhe a&haNAcheriistd o iseheegresere havéng en hamokogy of

O RO A PRy shE B S 088008 snqupy, 1

m croor gani Sm w t e reconmdi™
&ﬁqu@m@@tLmB&dddﬂSE®81DANpremw%ﬁm@ efkediineNta of the
pr.esent vention is 30 the transformant of [7], into
ARt RO PP L~ BBLPCeRTHE AEFPAG AR Bk yhbY -
[%ﬂ“O%éyogtmﬂétJEH&é@@ér@%tﬂ%fﬂ%ﬁotﬁ%'?f@géEﬁelﬂééntlon

been additionally introduced
Mﬁuﬁe%@@@Wbﬂﬂ@@ﬁﬁplM@mpdegaﬁalnw@nbyonnae;tnm@thbd DNA

o UL UEL DG AR AL 851 &1 ORI 0RY PR BRIt

cul turi n1croorgan| haV|n
[6] The recomb;nant plasmid of a preferable embodiment

of the present invention is a recombinant plasmid
wherein a DNA encoding a polypeptide having a different
enzyme activity from D-amino acid oxidase is
additionrally inserted intoc a vector.

[7] One of the characteristics of the present invention
is a transformant obtained by transforming a host
microorganism with the recombinant plasmid of the
aforementioned [5}].

[B] A preferable embodiment of the present invention is
the transformant of [7], into which a DNA encoding a

polypeptide having an enzyme activity other than that of

D-amino acid oxidase has been additicnally introduced.

[9] One of the characteristics of the present inventiocon

'is a method of producing D-amino acid oxidase,

comprising culturing a microorganism having an ability

8
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8 to produce the pol ypeptide of the aforenentioned [1]

or [2], accunulating the polypeptide in the culture,

and recovering sane. [10] One of the characteristics

of the present invention s is a nethod of producing

Yo Ra PeuEasI hceekepertidy tHe therafbze@nt iRngdODN] or

Y r.el r . a Cl-2 I p
Rﬁiﬁg%%ngglﬁggi gq%u s?pggﬁggéggga%EVQE% gﬁ%é@fg’ and
rgraoupe vprgosaldey. i o having substituent(s), or a C6-20

ryl Qroup_optionally having substituent(s), or 2-0x0 ,
Ay ‘9%&5&% S °§§P¥Eﬁ% ef4; %S(%§ :tgﬁceaﬁ%*at givention
iwhes ehat Robeprre s suasngeti-nat Aoy e qWhile¢lr LUPFLECSy the
is reacting the pol ypeptide of the aforenentioned [1]
ﬂﬂrmﬁ%ﬁ,(§?=a m croorgani sm having an ability to
R oduce pol ypeptide, with a racem c am no acid

re sented by the formula (1): R COON (1) Y NH2 20
whefein R repr@ents as defined above. [11] One of the

chaggacteristics of the present invention is a nethod
of proéducing cyclic L-anino acid represented by the

wihes e R5iépﬁ333it£?ahbﬁ5ho|ii¥&l group optionally
having substituent(s), a C7-20 aralkyl group optionally
having substituent(s), or a C6-20 aryl group optionally
having substituent(s), or 2-oxo aéid represented by the
formula (3):

R COOH

\H/ o

O

wherein R represents as defined above, which comprises
reacting the polypeptide of the aforementioned [1] or
[2], or a microorganism having an ability to produce the
polypeptide, with a racemic amino acid represented by

the formula (1):

R COOH

Y "

NH,

wherein R represents as defined above.
[11] One of the characteristics of the present invention
is a method of producing cyclic L-amino acid represented

by the formula (5):

COOH

H
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9 wherein R is a C2-7 alkyl chain optionally having
substituent(s), or a cyclic imne represented by the
formula (6): COON R N (6) s wherein R is as defined
bove, whjch conprises reacting  the pol ypeptide of
VB SO [2] , 18r 3a Ghich obt hBhi §MeHAYI RE L aRadBiv ihav 1w
sRbeAUca: dhe (B9l Y Raptd h & WG | ' |
represented(bg'tEgpf%sﬁ%¥%g?4?&ﬁ%§%}fe2?ghe%5?a£k¥othe
f@rerveian R6)is as defined above. [12] One of the
char act r'ﬁtics of the present invention is a nethod
f pr g L-amno acid represented by the fornula
gy- RCOOHIY (2) NH2 15 wherein R represents a
CIN20 al kyl (G oup optionally having substituent(s), a
C7-20 aral kyl group optionally having
whibeliid Uent{§) as0l e {Ba 202 80¥ e ,9NAMP-RPLLAR:INE 5 reacting
havi ng substituent(s), which conprises reacting, in
thRe PprezemEddsf cdn A neradi2d ,dehydr ogenase ragmcthissm having

PR e PR T B YRR B A w kPR 1A T

agnabiddig teprpmseduce] the pakyFRiweswWith:a racenic
am no '6 represented by the formula (1): R COON
n*~r ,E%,mherein R represents as defined above. -
$3f One of the characteristics of the present
imdention 1®is a method of produci ng cyclic L-am no
aditd represent ed

wherein R’ 1s as defined above.

[12] One cf the characteristics of the present invention

~1s a method of producing L-amino acid represented by the

formula (2):

R COOH

\-'/ o

NH2
wherein R represents a C1-20 alkyl group optionally
having substituent(s), a C7-20 aralkyl group optionally
having substituent(s), or a €6-20 aryl group optionally
having substituent(s), which comprises reacting, in the
presence of an amino acid dehydregenase and an enzyﬁe'
having a coenzyme—regeneraﬁing activity, the polypeptide
pf [1] or [2], or a microorganism having an ability to
produce the polypeptide with a racemic amino acid

represented by the formula (1):

R COOH

(1)

NH,

wherein R represents as defined above.

[13] One of the characteristics of the present invention

io0
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by the formula (5): ~COOH R N (5) Hwherein R is a

C2-7 alkyl chain optionally having 5 substituent(s),

whi ch conprises reacting, in the presence of an am no

.acid deh%drogenase and _an enzynme having a

I ehA)FelPegie P HYCHBOI FNGL1¢ ho-pBERPed gt represented
dylleog E3lmon a2 fdcroorgani smhaving an ability to ~
produce the polypeptide with a cyclic amno acid io
represeakgg by the formula (4): COOH R H (4) wherein

B .s-4s ehined above. [14] One of the _

characteristics of the present invention is a method

of N ncreasi ng(® production amount of D-amino 15 acid
oxiFlase, which conprises transformi ng a host

m croorgani smw th a DNA encodi ng D-am no ?cid oxi dase

Wt @ r engodi t n :

T o, Chsye e VT (e an R oA e P e

Spb s heenti(@ ) oxivdalseh 20mpiS]sdneredctheyg, in the

ristics of. the present invention_ 1is
A T B i CoRpr o HIRRCRASGAT 2 enzyme
hpot rpep4 i deeha\ﬁmxa?@ﬁakagiaﬁg hOXifase, adtHeipy1@pdptide
encodi ng a pol ypeptide having an enzyne
oict@fwr ggf]f Srret M GRPPRATN A DL B F6 apElity to
PPIARSE BFe2BoiNGRIH Ofef [AQRENY Soy uhi ch o pliasm 4. shovs
an inproved ~production anount of T annd acid oxi dase
rgpronpared by tda etonmbithant(4plasni d contai ning only
a DNA ensgding a pol ypeptide having the
;@Lézeﬁbntloned D-am no acid oxidase activity as an
i Nsgrtion frggment. 30 [16] One of the characteristics
of Nt he presé% invention 11 is a transfornant

f
Obwained by transform ng a host
wherein R’ is as defined above.

[14] One of the characteristics of the present invention
is a method of increasing a production amount of D-amino
acid oxidase, which comprises transforming a host
microorganism with a DNA encoding D-amino acid oxidase
and a DNA encoding at least one kind of polypeptide

having an enzyme activity different from that of the D-

‘amino acid oxidase.

[15] One of the characteristics of the present invention
is a recombinant plasmid comprising a DNA encoding a
polypeptide having a D-amino acid oxidése activity and a
DNA enceding a polypeptide having an enzyme activity
different from that of the D-aminc acid oxidase as
insertion fragments, which plasmid shows an improved
production amount of D-amino acid oxidase as compared to
a recombinant plasmid containing only a DNA encoding a
polypeptide having the aforementioned D-amino acid
oxidase activity as an insertion fragment.

[16] One of the characteristics of the present invention

11
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m croorgani smw th a DNA encodi ng a pol ypepti de havi ng

a D-amno acid oxidase activity and a DNA encodi ng a

pol ypepti de having an enzyne activity different fromb5

that of the D-am no acid oxidase, which transformnt
Ishowst BANF ABEE\ReE DPRERAS sty oxF aRsEoaating tg hsst

; : ansfor t Lr f d.w .

ool el v | e Ravi RS The a1 r Bt Bhehed BRfing a
Bamime aadddcoxidiese actiwithy a0d[47PN@Gnhemfodbeg a

characteri,stics .of the present invention ..is. a nethaod
H§1¥§%%u%gﬁg'Sﬁ%HQKF%CEaz&ﬂ%kﬁﬁﬁlﬁthhd%ﬁ%ﬁﬁ?%Es%rcm
thid it usf nghthetamainsd os aaaAt oafi daléd, wRsewHadd H8ormant

am no acid oxidase in a culture;, and recovering
Sgéﬁﬂé? 9% {2BF oGR of~eRéNehacdt ¥ 5EREs eictiieity as
RiseRLal BYeRL ik ¢ Bo AnIRANGL A PLOANAT 98 dil%n1y a DNa
af orenenti oned L-am no aci represented by e
efrgrani} g ( 2) pod videp taf deehrentingnethe cyEbiremera swedcbdamino
represented by the formula (5), which conprises
af%é%t?%bd?ﬁs %f%ﬁ%?%ﬁ%ant of [16] with 20 the

[afTor epeat 6 Gned e ageii £caBrie taddl ¢ eprRseped iyt t PEvention
formula (1) or the aforenentioned cyclic amno acid

(1) [ ef . . . .
et Rehbed By HHedeFHiPaDraminpossid ertigtase, which
chRLi L1 s Lt etfect reof _of- t he
D iy e S AR BT LTt g
agrhoth hahi sgabd adriaw ngsidEbbdetass®finhe kmdenii®p and
ﬂégg%@ I@ ggg@pnt i nvention has the aforenentioned 30
tFon

I - . .
const Tt anid can produce novel D-am no acid

[@& damee eff kbiceriHyradbeeawericd -afl PReagirbsen®XPnvention
.acid, or cyclic imne can be efficiently produced by !
15 i3 i%sHyedt RE BLRAAWSLBEI dhexiakaremepEigned L-amino acid

GRS AEBR oy (T EOE QRN AT PEAULTS e onec
cardlodi ene®siob e ¢respnesiemcent ilop, the formula (5),
which comprises reacting the transformant of [16] with
the aforementioned racemic amino acid represented by the
formula (1) or the aforementioned cyclic amino acid
represented by the formula (4). |

{0038]

Other characteristics and the effects thereof of
the present invention can be clarified by the following
embodiments and drawings.

Effects of the Invention
[0039] o

The present invention has the aforementioned
constitution, and can produce novel D-amino acid oxidase
efficiently. Moreover, L-amino acid; Z-oxo acid, or
cyclic imine can be efficiently produced by utilizing
the D-amino acid oxidase, or a transformant or

microorganism that produces the D-amino acid oxidase.

{oo040]

12
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L-am no acid can be efficiently produced by utilizing

a transformant producing D-am no acid oxi dase, an

am no acid dehydrogenase and an enzynme having a

coenzyne s regenerating activity. According to such _

pr ef el BbP& & Tnbdiat frefP o Kldirnbf ecéulttisy R oRedE invention,
IH=ARSTOr ABOBS hfthe PEPEYES hESRAGSFYQLERAY RS U5 Eing a
necessary, and technical problens In that a“l arge
tammpfovnantcpnagducimedPuamianecebd aryidiages tdre amino

I ' t. of D.iog amno _aci,d oxidase becones
A P B i ot R S T L o ic SRS
ragieth &rsa i ngaatdtdny Stpst rat€ordicg the sk paefeaable
rifglyed. Brief Description of the Drawings [Fig. 1
CHRPPAIMSRbhs S5 TThsT r Gt FdN adl Gecofbthans fqnants that
RIRRIBL P iGNt & PR 2 § ' ' ida ene
R T R R g R L et D
tRicginixal prgbdgmshion bgas Emleatare asbanitvef t culture
RPhe of _D-ani [ d.oxida as_an.enbodi nent of th

mR s bR A o i e R P TR I By ' OF -
ashiow recideokeldatdconsddpmebi AGlsuti figc DphitMallepending on the
t.enperature) hetween the opperative tenperature and
KLBCat T e ACEMG PIHN D AfT Ho B8cisd T¥XFHASE sybatrate, and
t@rbodip@nt 2 Af pleha-dyesepy . i nvention. [Fig. 4] Fig. 4

is a graph showing the relationship 25 (including

opti mal pH) BuiedePdasmripbiani vf pthanbdrawdngts ve

Vi of,.D-am ng_aci d, oxi dase as an, enbodi nent of
Fﬁégpré'en%HQﬂAEnékﬂws[Egﬁ.Qﬂniﬁﬁgc 1o phyrgphombinant
pdlaewiind) pORAOGIBatdcnsdiPingi &CIDHdHNDN 6 eApaHaldi®lase gene
stabilitg% betmeeqﬁéhe treated 30 tenperature and
2o ST TP RAL PRy F BlanPR8SE&td YxTeatéo®s an

di mgnt =qf, t ese W5\ ' Fi Lg ;
Fgﬁg' ?gphygﬁBMPﬁgP%hi 9gﬁgﬁi§ﬁgﬂ?gng(%nc u iﬁ%g%kfega#lve
tét dbifhe ypfhPrwedma necidearddasie andl aneeimdwadiment of the

t Y 1.ho aci d oxi dase as an 35 enbodi nment
pg%%%ﬂﬁpﬁgggﬁ%%EkVention. 13 [Fig. 7] Fig. 7 shows

[hegcondt rwalg.om of srgcgraphahowing the relationship

{including optimal temperature) between the operative

- temperature and relative activity of D-amino acid

oxidase as an embodiment of the present invention.
[Fig. 4] Fig. 4 is a graph showing the relationship
(including optimal pH) between the opérative pH and
ielative activity of D-amino acid oxidase as an
embodiment of the present invention.

[Fig. 5] Fig. 5 is a graph showing the relationship
{including temperature stability) between the treated
temperature and residual activity of D-amino acid
oxidase as an embodiment of the present invention.
[Fig. 6] Fig. 6 is a graph showing the relationship
(inciuding pH stability) between the treated pH and

residual activity of D-amino acid oxidase as an

embodiment of the present invention.

13
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pl asm d pFTLBDA containing a D-am no acid oxi dase

gene, a leucine dehydrogenase gene, and a fornate

dehydr ogenase gene as an enbodi nent of the present 5
invention. [Fig. 8] Fig. 8 shows the construction of

K Eésibi hantF i asnslopFTRBRA cons hirning cm BRaniecombiltant
pd dasg g¢ %'BDé%ra Fheny! ak gai ne [Sj—eélé{ﬁﬁgggﬁﬁe &N ;—t\:?]e:ngene,

a formate dehydrogenase gerie as” an € I'rEnt” "0
aprierepinel@ehwbrigeom s Fogneq] &id. a9fshawsg  he

nstruction of reconbinant .plasm d pFILB containin
I R P e defy FUto it e fe REDOLPAL { Bndhé Dresen
ideinrelt bganase gene as an enbodi mnent of the present

gnyentggﬂ. is [Fig. 10] Fig. 10 shows the construction
Fldecdhbi ddrt- Plskavd pREPB @ostabptigna of recombinant

pARe @l BRrae ey 00enane OGNS Ao LOME gase gene,

dehydr ogenase gene as an enbodi nen of € presen
a premybalapEng del]ydrggeti sshaysné heandnat rscinone of

reconbi nant = 20 plasm d_pSTNDA cont aj ni ng D- am no
dghY E&gﬁﬁggeg&%%%nﬁsaﬂgeﬁﬂgﬁdﬁﬂﬁanOghggﬁrﬁﬁﬁﬁent
it i on, Best Mode for Enbodying the Invention

kOQ42] The present invention is explained in detail in
Rég-22 k olflievi iy Hyovwef ehe mppn ot Exatrploss o fTheesoopénant

f nt. J.vent j LS dim t
P heh & and O et 28, ° 40 ind. SBHy I shthae g gene
aTide pof 9ypeptede cdy o gabhadengdn®fas henpeebetiment of the

iLnvention_is fi.rst explained. The pol ypeptide as an
P& Eﬁﬂ?%eﬁ?vﬁgglgnD-anino aci d oxidase activity, and is

thragactier) zed Jy ihesholkow ' e .
progéftiéL. 3§p1) ef?ept 12”?? %Q?%F%g%Qﬁgﬁhﬁﬁ% %%?8mblnant

p#ﬁqqﬁgrpgggﬁcgqﬂto@h@% a phenylalanine dehydrogenase

gene and a formate dehydrogenase gene as an embodiment
cf the present invention.

[Fig. 11] Fig. 11 shows the construction of recombinant
plasmid pSTNDA containing a D-amino acid oxidase gene as
an embodiment of the present invention.

Best Mode for Embodying the Invention

[0042]

The present invention is explained in detail in the
fellowing by reférring to Examples. The scopé of the
present invention is not limited by the embodiments and
Examples.

[0043]

- 1. Pelypeptide

30

35

The polypeptide as an embodiment of the present
invention is first explained. The polypeptide as an
embodiment has a D-amino acid oxidase activity, and is
characferized by the following physicochemical
properties.

1) effect

14
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- to produce 2-oxo acid, hydrogen peroxide, and ammoni a.

2) Mol ecul ar wei ght nol ecul ar wei ght about 252, 000 5

nol ecul ar wei ght of subunit about 42,000; 3) Kmval ue
relative to, D-phenyl al ani ne about 1.7 mM 4) Range of

oper alIitvé”iJéi%pg?ﬁt ér’émtlé}ﬁe?%%ﬁr é7r &hfe REECFRASE Sfoxygen
2@ rodhest 268«o 40iQPt hiRlr JRIPES &L LS gaDOW, #00haonia.
about 50C, (The tenperature range neans a tenperature
Zlatfelernlaghive Hnt enzyne acts preferably, and the

opti ngl,; L&MW . ans. a r re, at which an |
enzygggiﬁs %%z%g%§$g§r§§%ﬁg?%?§'§§§yne al so acts at
a tenpedataurliar swetibhert td@nstibenabovebsemt ianesoo ;

tenperature range.) 5) Range of operative pH pH range
20 I%ag?fﬁﬁoﬁteq%tg‘é%o%f’ Pﬁ%éle%ﬁ%%Plﬁﬁ about 8.5 -
about 38.0%t (iThe Al range nmeans a pH range, in which an
enzyme acts 20.preferably, and the optinal pH neans a

IHRapgahpEhoperanyyeetsops neostrpreferably. This

enzy | sg acts _at _a pH qther than th 0 o

abovgﬁﬁ%ﬁﬁro%'elﬂr%l—lrlagﬁfg. )aOEG) elee%ge?]af)ﬁse & &0 igkput 60°C,

cgttabnh®] atedAPErar dess;ab@Bt 71 0pH st abidhitt y5 bl e at
Specific activity (the enzyne anount

T Bon BTy 8) t
i PFBRGLAS UL S IRt IBf MRFMSoden: PRPBLAEE e XRRI R/ | 40
WﬁﬂdmeﬂnaénQXW@tht§4%?e¥@ﬂéHf¥¥3aﬂ&rtﬂem%ﬁgié?ie

enzyme. 30 [0044] The am no acid oxi dase o
HeREehBganfora exappketutm, fat| vhiich dif fenephe acts
j np her .D-am no_acjd
ﬁgﬁﬁjgééféfg?l%ﬁe gyﬁgﬁég%gﬁﬁeﬁéﬁﬁ%§%ﬁ% Bpt APriCTRErature
otfrereofhan et hab atidfereahtiomad hosep of aPuar neamgs d)
5ﬁxb$ase of _Fusariym 15 gxysporum (JP-A-11-318439)
avi TP AnC bpPPrda tieshpePht ur e

pH range at least about 6 - about 10.5, optimal pH
about 8.5 ~ about 9.5;
(The pH range means a pH range, in which an enzyme acts
preferably, and the optimal pH means a pH, at which an

enzyme acts most preferably. This enzyme also acts at a

- pPH other than the above-mentioned pH range.)

6) Temperature stability
stable at 40°C or less;
7) pH stability
stable at pH 7.8 - 8.7;
8).Specific activity (the enzyme amount that produces 1
pmol of hydrogen peroxide in 1 min is defined as 1 unit)

44.8 unit (30°C) per 1 mg of pure enzyme.
[0044]

The D-amino acid oxidase of the embodiment has, for

‘example, the following different properties as compared

to cther D-amino acid oxidases.

- (a) The optimal temperature and optimal pH thereof are

different from those of D-amino acid oXidase of Fusarium

15
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of 30 - 40C and an optimal pH of 7.5 - 8. (b) The

enzynme structure is different fromthat of D0 am no

aci d oxidase of Trigonopsis variabilis (JP-B-62- s

501677, JP-A-63-71180), which is a hono dimer

O SRATHE &6ﬁsﬁsﬂﬂn§ 4393 ubaiiindfanpppEdimarl \iksgherature
o2 45,00 Al UG BLARIE! fusguence L oqal S0
reatly dlf er ent no aci d sequence | ogy

%i G%e G(Imaymhesmsermst oie fiesrath £ f rent tfiraotn of D-

m no oxi dase ,of Candi da _hoi djni i
hitio Ao B Bk O L B ER eSS0 T akorbda s N bas-62-
5pagd B277p-Xeast712000), , Vehi chb.1 PagendRd 7 Hink¥ Cht i 8cture
a_mononmer  structure with a nol ecul ar wei ght of

CSESHFF1hdothe SHRWLL BcPE Fedwaita T swalgbtgratatd §, 000,
adidf frerendn { AB a@fase%%@?jlﬁgggagcea]f@%géggéﬁgﬁ ldgffégént

The enzyne structur rent
(amilae atidoxedaseaam! Rwddbgvul3 gacilis

%‘Dgﬂe&)o&%}%e E&%el%‘%’(pr essi. and gggﬁ%f IHHC%&]I'aOtn of D-

amunmxaﬂxﬂmmkhdasmmdﬁu¢@ﬁdzaaMﬁdﬂulﬁi14lBQ®%cfHW
am no, aci d sequence_is_al so_ great I% di fferent
e

t
BLARERGI o Beqaease hoPbhbay 126 9%5: Ney Fe agmob27:
vaalsd ,sequemceves grl%'iﬂfyagéffl%rleﬂt fom. tg gfgt}%%nomer

D-ani'no acid oxi dase 'of sari um'sol ani E
5FéMQﬁFQ&I@ltbqaemﬂiémmbangyem@ﬂﬂéof258(DPOTMEnd the

Strug is different fro a
agg% oxfﬁgs %P%Eandﬁﬁé gﬁlgﬁq ﬁxﬁ?ggﬁrgﬁﬁj{gmlno
aBiial .5seChesmhsér fomba veb.1%89,. No. 10, page 2637),
&yy
% %h is a nonomer structure with a nol ecul ar wei ght

%ﬁﬁﬂmgoSﬁﬂﬁﬂﬂuq%elsh@mﬂﬁﬁﬁentanﬁ@ that of D-

prbedimn &Qﬂdg%éﬂgfﬂﬁﬁaﬁgto%ﬁﬂ§3é&%@iﬁ?@ W%d97/040171

known to those of ordinary skil art, 'seque
Péﬁéle}m se:sx@remn@nammd heurikeécaAsican, e2a8pl é/‘dﬂe.r e14 page

2b5 B0V 3591 Aol CENETVA Mo L85 BB S oncuna:
wetghutf act ut edoby, GﬁﬂﬁpﬁhéxﬁﬁgBﬁﬂéaﬁdW@§qﬁ§%@e is also
greatly different (amino acid sequence homology 28.9%).
(e} The amino acid sequence is greatly different from
that of D-amino acid oxidase of Fusarium solani
(EP364275) (amino acid seguence homology 29.0%).

(f) The enzyme structure is different from that of D-
amino acid oxidase of Candida tropicalis (Agricul. and
Biol. Chemistry, 1986, vol. 50, No. 10, page 2637),
which is a monomer structure with a molecular weight of
39,000.

[0045]

The “homology” in the embodiment can be determined
using a method well known to those of ordinary skill in
the art, seguence analysis software and the like. As an
example here, the homolegy search of GENETYX Ver. 7

genetic information processing software/Windows version

16



10

[0046] 2. D-amno acid oxidase activity assay In an
enbodi nent, for assay of D-am no acid oxidase 5
activity of pol ypeptide, hydrogen peroxi de produced by

t he reaction can be ﬁuantitativel nmeasured by an
(él‘?i%é CHEERE Risi FEN BEX SxCORRORETARN t atadsyaised.
reagy)emrent of hydrogen peroxide is perforned by an
enzyme nethod as follows. 10 [0047] An enzyne

ZsolRrtamhnPs asppst opr i daeky aditlivtiety aksed with a

chro enj.c Lon_cont |n|n
phenglgg]l }nl néergbgaégler%%l it ndAR Flyp)rgr\% % aRing pGid oxidase
aﬂﬂmﬂlﬁb(afhpﬁﬁygeﬁhﬁdbfOmyabdgeﬂ?b@EW#idgfp@o@ﬁﬁbd by
%ﬁ per oxi dase (rmanufactured by TOYOBO Inc.), and 50

EHYAF6OR Ga% 21 AuBDEL&E (bre BY opeas ures] l@ﬁndan enzyme
m&%%a&du§inéogé¥ﬁx§@aghn aﬂg ghsarbapce,a s%%%@?ﬂﬁsof
neasur ed, and't he anmount of rogen per oxi de produced
hMﬂ#QEﬁmengﬁmmidﬁxi@rpem§qymﬂu|wyednb&maymﬁlmGEhaa as
ﬁ%ﬁ? cal curve prepared in advance. In the

I'Trent, unl ess ot herw se specified, this nmethod
%694u§ed to assay the D-am no acid oxidase activity.
0048% . M croorganism 25 The pol ypepti de of the

embodf*Re M THRE h&° Htté%oﬂSf%ﬁrézprﬁlﬁwjgaﬁnémted mixed

WA N9 anPoaligih aci fo 0xEda3e ¢ cARthVhiY, WY |
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D-am no aci d oxi dase to be use e “presen
Rhﬁny&abﬁnwaﬁ b@4ﬁ9|de4ﬁammnﬂamm¢pypnmm, or31 mM N-

00F gani d r|v from cr anj sn1|s 30
yle:‘%abl?g ?I?drlond%s ri aﬁ%ﬁggomﬁ)g}@]% e pf 61 REmL
p@nnxmm@aelSmdﬁnﬂamm@ﬂeabwytDOi@BODEﬁ@UQ% Rirgdn 99 mM

—aci d OX|das§#|nclude known mi croorgani sns haV|ng an

Ta0i9 TRy E8Cproduce dhkdehyyfer 3PBuBROdsat 1:5, and
A RIREL BP0 Ui kU CURLFREEOE 55 o o
nEEFErRE a, and g%e amount of hydrogen peroxide produced
in the reaction mixture is guantified based on the
analytical curve prepared in advance. 1In the embodiment,
unless otherwise specified, this method was used to
assay the D-amino acid oxidase activity.
[o048]
3. Microorganism

The polypeptide of the embodiment can be obtained
from a microorganism having a D-amino acid oxidase
activity. While the D-amino acid oxidase to be used in
the present invention may be derived from animal, plant
or microorganism, one derived from a microorganism is
preferable for industrial use.
[0049]

Examples of the micrcorganism having an ability to
produce D-amino acid oxidase include known
microoxrganisms having an ability to produce the enzyme,

such as Arthrobacter, Aspergillus, Candide, Cryptococcus,
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Kl oeckera, Kl uyveromyces, Neurospora, Phichia,
Rhodospori di um Rhodot orul a, Spor obol onyces,
Trigonopsis Verticillium and Yarrow a and the |ike.

5 [0050] , O these,: m croorganisns belonging to the

Cyeirsl 2 BChndi E&O%@elapm eFepaBliyGarntei daeratdamediansenula,
Kalce c L £f er ghl, I re di da
|ﬁ%é%ned|a NBRES%Gl r%%n ﬁ%ﬁﬁfﬂégﬁfg ghl%hgﬂp
'RﬁmoeﬂrmfgandsmttrhafthcpdodocredaheSpoIryoﬂne]dtomteces, tThei gonopsis,

t. 1y Wl|d strain,of, th af orenment i oned

V%FEF&%?ggnPgﬁsaﬁﬂ' ?ﬂ%?év@&qnﬁQﬁnflg?rain. The

[obant] strain can be produced by a nethod 1s wel |

known to those of ordinary skill_ in the art, such as

WV i r PEditAta SRy, BECHOPLEATHEHRS WPEH 02 IR ek etk Fc glenus

c%glwd§ucﬁo§% Nt N, - Bty é;'\\;sniﬁ{eg%ﬁ%u%,d'ﬁe
(NTG,  ethylnethanesu nat e the like.
p[r@d@qab,’ee The drediium frooreulptnaa%&JrDadofLsaCandida

cr.oor gani t oduces the pol ypeptide of the
teesrem lﬁvéﬁltp\tcg)aiﬁjs artl cularly limted as | ong

BSOth nlcroorganlsn1can grow. For exanple, a usual

l'iquid nmedium containing carbohydrates such as
gl ucosBeafd SR BE_R LM iR s BuRUES sasher apbyrapEide of

t8ley CaFob a1 hahty ndG d5e Sycafw_a%a %J@f&l@%@ £@Rd stearic

acid, or the esters thereo s such as canol a oi
ageylraern bl bnad aicardmngsoises,, o uimpsoivied emutant

um ni t ept ane,_casanin cor st eep
S%?: Juor * heegtlggtgﬁe fgfsﬁlréx?ﬁgc?j ar?orCE%léc?ﬁngya? pthed
wmnrcxﬁmmsoubcehdﬁﬂywﬁluﬁuawdﬁyeakﬁpﬂlmﬁlQMéﬂaﬁe such
cal_ci um car bonat e, di potassi um hydrogen_ phosphat e,

a5oths st TRT B Ry drdger? hds pREAE it t hethi Re P mpAceutical
e rar nﬁ?@?éﬁﬁ?ioﬁﬁ’ﬁ%@‘égﬁ'@ﬁ%@é&é%@%‘%&?ﬁf{@ v1e),
etd Wmrebhene saldwaid t amOEME ) ofarad stlbst Anke .t hat

[0052]

The medium for cultivation df a microorganism that
produces the polypeptide of the present invention is not
particularly limited as loﬁg as the microorganism can
grow. For example, a usual liquid medium containing
carbohydrates such as glucose and sucrose, alcohols such

as ethanol and glycerol, fatty acids such as oleic acid

and stearic acid, or the esters thereof, oils such as

canola o0il, soybean o0il as a carbon source; ammonium

sulfate, sodium nitrate, peptone, casamino acid, corn
steep liquor, wheat bran, yeast extract and the like as
a nitrogen source; magnesium sulfate, sodium chloride,
calcium carbonate, dipotassium hydrogen phosphate,
potassium dihydrogen phosphate and the like as an
inorganic salt; and malt extract, meat extract and the
like as other nutrient source can be used.

[0053]
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enhances the production of D-am no acid oxidase, such
as anino acid or amino acid derivative, can al so be
added. The concentration of such substance that
enhances the 5 production of D-am no acid oxidase in a
medi ulrirsovedl .ecd e@mﬁﬂématﬂhemﬁngé of sOEXawtes thab

bl o 28 o LOBLY A 1 40 %02 Lok, [0008) o The ol LUt

dase, suUch as

i'S genera arrie aer obi cal} fie

atrrerrperaatmieorsammm na ¢ he ﬂamgeraﬂj‘nﬁé),c 68f, apref esabdyded.
0C SOCé Is.wthin the 'ran%e of 3-11, preferabl

R R O L S e R e he CARAR Bhet tggphaneed the

p%yﬁlcﬂibﬁdgft poRmigld heeia Batich&Ulinrg neetihed Of
a continuous culuture nmethod nay be applied. 15 [0055]

safiagte el sompLaL gendecalft Or&0Inivtobial Oceit®s are
(fé??ﬁ?%féoﬂht% oCU|tfr§ UEdiun1by centrifugation

srupte ‘by sonication and the |ike
(00g|4\]e a crude enzyne solution. The crude enzyne 20

solut nls urified by saltj out, ,colu
ohr ok 8ng %%dlfheeﬂwltﬂgg?%rﬂﬁ@ ﬁd%fypae%%fpeécefll%

Thie ﬁgrﬁﬁéﬂéth%e&ts' ot h 9Q56he 4_—a n&faibch%@Hence

25 The pol ypepti de of the present vention nmay be
pﬂr@tﬁmaﬁtbbmz?ﬁ’écobt)&ﬁ:neaHf a@mvalml;nobhgamasrgsasof 3 11,

Por ociéucedijyaeﬁvghgoIr e Pﬁ%?ng\lﬁ‘ﬁg{?)%n@ﬂ% quge fbout one day

enét’i c reco ni ques.
—Eﬂﬂqﬂps of It heddhatinrgl ehzyae endlaudth tdelture method or

poI ti de sho Seqguepce i sti n SEQ I D NO
‘% ToanCH%H‘¥ ,Teh OHOF‘Web%

Fn’gg@qrrent of the present i nventi on may be a

pol ypepti de having an am no acid sequence wherein one

or a PéReanitie omEBlef iz tde @hiﬁ@rém(mkﬂﬁﬁhh@é cells

Soraty 1 TR EEoUrREE R e ol e et M Bt ri fugation

and the like, and disrupted by sonication and the like
to give a crude enzyme solution. The crude enzyme
solution is purified by salting out, column
chromatography and the like to give the polypeptide of
the present invention.
[0056]
4. Amino‘acid sequence

' The polypeptide of the present invention may be a
natural enzyme obtained from a microorganism as
mentioned above, or may be a recombinant enzyme produced
by genetic recombination techniques. Examples of the
natural enzyme include the polypeptide shown by Seguence
Listing, SEQ ID NO: 1.
[oos57] -

In addition, the polypeptide as an embodiment of

the present invention may be a polypeptide having an
amino acid sequence wherein one or a few amino acids of

the amino acid sequence shown in Sequence Listing SEQ ID

19



10

15

20

25

30

35

and having a D-am no acid oxi dase activity; or may be
a polypeptide having an am no acid sequence having a
honol ogy of not |ess than 69% preferably not |ess

Nthan 5 70% not less than 75% not | ess than 80% not

Gssh thef SEERE HoiteResinasrtooky Feleress anhirnsagded,

df GhaPiREeRal Yaolo | £8541 B % M-th the am
acid aseg%ence s.hovvnQ b§é%EQ ?{%%@ 1%212217&%? i angf‘gmay pe a
mlameptidei faoKinmsen agninot ywcitd $®@58}1€‘$hiﬁa¢v:'trh@ a

f ' Cl in_"af.ew amno acids" is not
s Cge ag%r]g%g: leegie{:{}fgmq?ﬁ ’acﬁ%eg%gila‘%&é’e Nt i€??§ than
T0% natot okkssi ttHan PTBE er ablky 1rais nbien 8Oan 2b@n &8s than
i ds, e preferab not nore than 15 15 am no

G no |y, X
E%cﬁ 'dsI?OJ?m{LESEr &by e;ﬁ nofChorl® t5hahad dri*no MQES ds,
A aosh 1 Pr8ber al s Sthdn 99207 A OF L RWeL r[oooascgldl n
addi tion,” "pol ypeptide having a D am no acl oJf oxl dase
sEtusn ey " sheans by pof9pépt N@e shovmd hevihgss Rfamino

altogr%#w J:Q%Fa%efa%ftain}’% not | ess than 40% nore

erabl'y not 1ess han 60% still nore preferably
fooslsdss than 80% of the activity afforded by a
pol ypeptide .consisting of the am no acid sequence
shom%ﬁﬁlseé% nm@e_f WHerfinP saGded ditlerat hew amino
a’hieue- neat hored aetd ¥itys 29n@8%AY CROdbLLANS o [DOPQ]
5. DNA The "DNA" as an enbodi ment of the present -
XS oRCt Ly idwplias nedt ThetDNA tofis hprpfesedily not more

hnventd o Ly e DNA encodi ng the
R R P APy pln b B o BE e TR PR R Dl By 15
aSequernceidbst mage SR EOrAPL V2 nct N rbBavhag a daskino
sequence é/herei n one_ or a few bases of the base
EINENE S NBRR G P LSRR EY Birstdmg SERFI B RE 1owe E-
fobsiijtuted, inserted, deleted 35 and/or added and
encoding a pol ypeptide having-a D-amno 20 acid

oXi das@a Mit9n, “polypeptide having a D-amino acid

oxidase activity” means a polypeptide showing not less
than 10%, preferably'nbt less than 40%, more preferably
not less than 60%, still more preferably not less than
80%, of the activity afforded by a polypeptide
consisting of the amino acid sequence shown in SEQ ID
NO: 1 when it is used-under the above-mentioned activity
assay conditions. . |
[oo60] |
5. DNA

The “DNA” as an embodiment of the present invention
is explained. The DNA of the present invention only
needs to be a DNA encoding the above-mentioned
polypeptide. It may be a DNA shown by Sequence Listing
SEQ ID NO: 2, a DNA Having a base seguence wherein one
or a few bases of the base sequence shown in Sequence
Listing SEQ ID NO: 2 are substituted, inserted, deleted

and/or added and encoding a pclypeptide having a D-amino
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. D-am no aci

[0061] While the nunber of bases in "a few bases"” is

not limted as long as a pol ypepti de encoded by the
DNA does 5 not | ose the D-am no acid oxi dase
activity, Is preferably not nore than 50 bases,

Afor@ %Féﬁéﬁ@bl%F%Yltﬁere than 30 bases, nore

I féypbly not nore than 20 am no aC|ds and nmost
preferably 10, 9, 8, 7, 6, 5, 4, 3, or 2 or lower. io
[0062]WhllriLaadb[h1¢a| onmbietr oy b&sasDI‘_xlén hevi figwabbhae&” is not

uen hav a_ honol not less than 67%

lplrme er éb?ﬁ ﬂ' | B3 s? tRSSr t:h ¥ ?§§§dteﬁiar?y751%len8¥‘m does
s sl 688N t8RY%D-Nahiinbess ibhayk 89%% e NQL i8St f han 99%
not |l ess_than 95% is nore preferably not | es's than

Pghe iR PhYt R thdeere skaandd owmsi nmegguamsf ¢isbipgnot
mesQ | e N havi n

e acrd She HaLE B PO HREY WG, Wi auen 20

atien ONACOfsthearpd ement ipreeérablyay the @, ONA7Lha, 5, 4, 3,
hrybzri dizes tqQ a DNA consisting of a base sequence
(%onpl%ﬁeﬁPgﬁ to the base sequence shown in Sequence
[Lostgajg SEQ ID NO 2 under stringent conditions, and
encodi_ng a_ pol ypeptide having a D-am no aci d oxi dase
25 act |nvﬁ¢ii§) 11 50B4] 1tAaisder har ONA, l'tiyvitlh‘é aDNAsehatequence
Igyg,b_,r iZze c i st se

o e oy P T het Pase eoaicniaishont i Soniansy not
lLGSS?t |1rllgaSECD0kD N@t 21 88suhtiem Sw%ngﬁbt ded tilNs"80%, not

refer PNA ¢ | e Jically formng a

hy H%‘ ﬁ5§ Dr@@atﬁa@‘? %h Seqﬂ@ﬁc&ess tian 95%
mmlzeﬂ@ﬂéaamtyo rde D@gg $QUENESs ShQWR 1 rthes%l@@ce
Listing SEQ ID NO 2, when col ony hybr| di zati on

Sﬁéﬂf’o%cepﬁaaefél Hybr$ e anren Ineathbed S5t Adr i8S 2, and

ﬁﬁﬁgﬁﬂéaé'B%ﬂ?ﬂéﬁ%&@@dhggﬁﬂdlgaﬁlng%rf%U?gjox1&ase

activity.
[0063]

Moreover, the DNA of the present invention may be a
DNA that hybridizes to a DNA consisting of a base

sequence complementary to the base sequence shown in

~Sequence Listing SEQ ID NO: 2 under stringent conditions,

and encoding a polypeptide having a D-amino acid oxidase
activity. | .
[o064]

As used herein, by the “DNA that hybridizes to a
DNA consisting of a base sequence complementary to the
base seguence shown in Sequence Listing SEQ ID NO: 2
under stringent conditions” refers to a DNA capable of
specifically forming a hybrid with a DNA having a base
sequence complementary to the base sequence shown in
Sequence Listing SEQ ID NO: 2, when colony hybridization
method, plaque hybridization method, Southern

hybridization method and the like are performed.

21



10

15

20

25

30

35

- obtained fromthe af orenenti on

As used herein, the stringent conditions refer to
t hose under which, for exanple, hybridization in an
aqueous sol ution having a conposition of 75 nmM
&riso ium s citrate, 750 mM sodium chl oride, 0.5%

8863l sodi um sul fate, 0.1% bovine serum al buni n,
0. 1% prokyd vk py&t Al i dene, s apd 0.1 F'fnoc;* &

manuf act ured by Anérs%%ﬁﬁg?os%ggéé%c%%. l% Qggcrgggr to
t viERGE Hgwhiitdh, afragesenslsol utybnibaviendgen in an

it f, 15, MMio trisodiumcjtrate, 0O mv. | ,

as]ggl urr% c%?g‘rli%&émar%lc?‘bl.li% adgﬁws%%ﬂ?ﬁnp§uﬂ7%a€@d atrL-sodium
c6aCare, pebbommedodiehecnblnidd hey. sef abde@ihesodium
gﬁﬂgﬁti onﬁ nder whi ch washing with an aqueous
s t%n RaviPn§oF }CBhpoeFEFoR IdTumEn Pt Afsodi um |

ityat iy 1 390 raWisediam ghlori de Yy gad
eg)itnﬁ¥séguffa€é i's perforneg'a?ﬁg%%§ia%?§rqﬁgnufaCtured
blyy Byriedi g noB ivsderenddieCabov ertnesd dmnatd condht Wefshing with

r r ahl mashi ng., w th an aqueous sol utjon
A 8L S8 R Vand TS LRne g A mts
tilssotti wm ehtenitds angh Ont%sdedasy | cspdrupesuiat®, 1§
performed at 65C, after 20 hybridization under the
desSrat rehP R dHBd Stdnth ¢ oas. 6 C06BTe Ther DNAmERD aiBe ferably,

taeiyd QxfdasecIene) éHn&D€iBh%33¥de£”Nﬁﬂ&h°%é§§}§€ with an

) m Croorgani s
SHAFANF asPLakiipe dawinxi dasemastsvitgn 85 I6 oM at nisodium

. of chnierest,. for anmpl th foll qw ng ,
C%E?ﬁ% ba%sge&gn%ﬁ%ﬁﬁﬁ fgéggﬁ&%ﬁﬁ%ﬁ,OD?%n%ﬁééﬁﬁﬁ sodium
sQiifdase psirpeireddmed o 65000 9aFiYP havh PO 8- xaW N Under

cid_ oxidase activity is 30 reacted with a protease .

LG RRRV ¢ VRGPEAGHSShIGRLELARE , R | RESE6T@ibgest Washing

a tpolarpepthdeuBaving & Syl ; | z : t
Wobtainegﬂ%%lygeptidgn?g§%u%??%gﬁggi @éﬁﬁggéﬁgsﬁhéng 1.5 mi
trilkedigny ¢herifiter idl i noddaimd ctehuende ansl 0.1%

termned.by a v r. phase _praotein sequencer and the
e el SRA TR 6 S BBSGIP DasbdoBaCt ne T Ler
hiybroldigoutsi o 22 useigue rites r £5beR —nfk rkitDie B 8BNHA 120k dls

xi dages are

0066i

The DNA {D-aminoc acid oxidase gene) of the present

invention can be cobtained from the aforementioned
microorganisms having a D-amino acid oxidase activity.
To obtain the DNA of interest, for example, the
following method can be employed.
[0067]

First, D-amino acid oxidase purified by a

- microorganism having a D-amino acid oxidase activity is

reacted with a protease such as lysylendopeptidase énd
the like to digest to a polypeptide having a suitable
size, and then the obtained polypeptide is purified by
HPLC and the like, and the internal amino acid sequence
is determined by a vapor phase protein seguencer and the

like. Then, DNA primers designed based on the homolcgous
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synt hesi zed. [0068] Then, a chronosomal DNA is
isolated froma s mcroorganismto be the origin of
the D-amino acid oxidase. The chronmposomal DNA can be
obtained froma ,cultured cell using an UtraC ean
SALTYbT Al TBHACT) ot EFORKP afrdiur Aet dr e islp 9%s sree
shalrrad DEk@S, [Inc.) and the like. The object gene can
ge partly io obtained by PCR using the chronbsonal DNA
80%8tenpl ate and the above-nenti oned DNA pri ners.

[ 0069% Next, LNA. t coding the Nsterm na
si de aﬁd'tﬁ% C>te&%?%gﬁﬂéﬁ§§Qo?gtﬁeQJ%Eﬁ%egrB%r?im
mgeyre Tagrilbsive tobttad nelde by riinder sef PORe ( eemifras acid

exapl e, cl ei Acids Res., 16, 8186 (.1988)). The
“FasE Seque eescgf:of“ﬁ’@ O“E?%A PHAGRER LoareP HREBER fePm 2
cand osi aed1Wulsh id1ea Rag e £ raequane ey OE rbB8 snarin Al
gene to give a full-length base sequence of the

IBodd P acK dt oximaest feher edhicoh NG BlCadsbeattaries,
I&@Nhaidh g r@ﬂ%gg;&ﬁer.ansﬂr% | QR DL %H{eogﬁglhasFotﬁ%irﬁ: e3ﬁe

st op codon. Wien t he presénce
obtarined dey dPCoxiudaisey gehe obtraintrethrfis DDA epsOMBémplate

LS presumed 25 by the anal ysis of the obtained
agﬁ;;%%qﬂgﬁzgjm§ﬁ§%§#%% DS@i@?ﬁﬁ%ﬁ%e gene, from
pek]the intron is renoved by the nethod shown '
bel ow, can be obtained. [0071]. First, a mcroorganism = .
to beNeKE ob nf HRIBeaFnEn G heidtde dbskeisinal side

| t 1 : al ' bi al [ he _t ot.al, RNA

aﬁg gg%fg%tgﬁegﬁgﬁptﬁ%ﬁ% tg?ngg%ﬁéﬁE)la?a ?&ﬁﬁgﬁ%i%ﬁne can
bESOEEN. {med ub Fc timved: iy RCRPONe@ENE GO, $xamdid a2 Nucleic

ASQELSTELL Y Yoot i DNBLSONA) U Prepared boing o or one
DA TakafignapdatrRe dedt @tmRNAGES o d ePphBl 8edPhi i Sthe base
are 23 designed fromthe base sequences of the
SQQggqﬁqmﬁfpgpp partial gene to give a full-length base
sequence of the D-amino acid oxidase gene, which is
assumed to contain from the translation initiation site
to the stop codon.
[o070] |

"When the presence of intron in the D-amino acid
oxidase gene obtained from chromosomal DNA is presumed
by the analysis of the obtained base sequencé, a D—émino
acid oxidase gene, from which the intron is removed by
the method shown below, can be obtained.
[o071]

~ First, a microorganism to be the origin of D-amino
acld oxidase is cultured to obtain microbial cells, and
the total RNA is extracted from the obtained microbial
cells using ISOGEN (manufactured by NIPPON GENE CO.},
and a complementary strand DNA (cDNA) is prepared using

TaKaRa RNA LA PCR Kit (AMV) Ver.1.1 {manufactured by

TaKaRa) and the total RNA as a template. Primers are
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and C-termnal part of the above-nentioned D am no

acid oxidase gene full-Ilength sequence obtai ned by
inverse PCR nethod. PCR is perfornmed using the

desi gned primer s and using cDNA as a tenpl ate, and

dgsen Drf?é-‘éoEE REMf C&Fe Hase qeeduATSeP 9 bnt kAN Heir eyt hpart

a§@9@@%%%${§§loﬁd¥%3ofr%ﬁgnabl%ﬁﬁ@kﬁﬁisggﬁi@Bﬁh%ﬁ@tacid
the am no acid “sequences ancode by the determne
ogpe seagkng frdde lagntlai setiheratovebtai sedabyanimoerse

i f.the _io D-amno,aci i . [0072].
P65 RS raht taihd PO NG DRATGbidIneteByoPRe brimer
aabovesiregt ¢ DNAd agetahatbmPl ata,  eebPant rBhaSH frame is

obtai ned by _incorporating the is above DNA into a
deéerained uEsam She dist br heaokstSeFRereer fasiesmE othe

' g tr t 7 e t vectar,
e ot oh BB ot Fhled fEnG R0 IS a0 L ERM A
SEdpenamht e Gapdancdy’ led. d20eBuiietem® deehnaleagling frame
A search_and vel opment, Bureay Life Science
B, TR el et SBdee Aend e isaC T the
Dexaviple, a@bdt beikesis. M croorgani snms  belonging to the

eneri Escheri chi a, Pseudonobnas, Fl avobacterium
%%@?P us, Serratia, Corynebacterium 25

6Br @WRACE SFh UL AWORActE5Lum Acet obacter,
A uconobacter, Lactobacillus, Streptococcus, and

St reptoayO8R cartdenadetly [H0674dbohs-aevdciared amethod, or

e age,_ _ofr, erivatiyv 30 thereof derived
P 2t B0 aalls T Y BEh Ban o0 P TRER B GrsLet 92
abeplel @A NPntb theabye- Pentikered hostansEarmbe Uses:
Anong t hese, Escherichia coli is preferably used as

i (& OFrdda i o 6P fivem 2 ahb2BSEect N kapabl e of
pygsgqnnus replication in the mcroorganismis 35
preferably used as the vector. Exanples of such vector
24 i ngbulaeplc B, pd 9ecpBR3I22hp ATYELSA e STV 28ystem

d@§g%¥%ed in “Recombinant DNA Experiment Guidances” (ed.
Science Technology Agency Research and Development
Bureau Life Sciences Division: revised March 22, 1996)
can be used. For example, as the host, microorganisms
belonging to the genera Escherichia, Pseudomonas,
Flavobacterium, Bacillus,gSerratia, Corynebacterium,
Brevibatterium, Agrébacterium, Acétobacter,
Gluconobacter, Lactobacillus, Streptococcus, and
Streptomyces can be used.

[0074]

As a vectoer, a plasmid, a phage, or a derivative
thereof derived from microorganisms, which is capable of
autonomously replicating in the above-mentioned host,
can be used. Among these, Escherichia coli is preferably
used as the host microorganism, and a vector capable of
autonomous replication in the microorganism is

preferably used as the vector. Examples of such vector
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pSC101, pT7Blue or pUCNT, or derivatives thereof. The
derivatives thereof refers to one having nodification
in pronoter, termnator, enhancer, SD sequence, the
Qri |n S (ori ot her genes

Ao YdP |ﬁt1% Zﬁ}@f%l Cagggr}t%‘re H’g‘f&%c 1P8r O YR8 poBETV2Y,

pﬁCImE[ep$WBgudfﬁtFﬁ@@NQtlQﬁ:Qﬂ@yf§a95v%@etﬁﬂ%%ﬁ@fandThe
stabilization of the plasm d, or one having nodified

detilgr # eiVefatdEe rosne rRBETE & rere rhaviog emméusateon in
ﬁybﬂQQangt%@ﬁi fheqnha Jdke. égogég encq th% origin
exanpl e of transformaht, using r'econbrn
smuyxm@ rﬁpWMQﬂtEDﬂ»wDDbDalmﬂhérogeﬁasmuﬁwOlved in

d|a NBRCQ761 ai n the manner nentjioned
nEEFEEoR, |r§c3?beo B8 s gsResfed oangasing
tﬁﬁﬂﬁi®@ﬁbﬂlo@O@mdﬁﬁ@loﬁn@hHwHEkf%@ Ehd nfﬂﬁﬂ?ﬁhzatlon of
mhereby transfornant Escherichia coli HB101 (pCDA003)
A% BMEBD1d¢ pemaAceD) Rkaripe dsichi hibed fo0B6jre0sTamce, one

rich A 1 £(p
T Hed Tt ha A sont RO Ent o vk’ egtaited bre and the
l3He- 10, 2006 under a recei pt nunber FERM BP-10639
3 tic deposit strain originally deposited on July

gg q% 05 was transferred to an international deposit
basedA@ndHHEéiéﬁﬁﬂépaitfBéﬁ@férméﬁ@t'ﬁ%iﬁ?n§§96m@¥nant
Escherichia coli = JMLO9 (pCDAO03) was depositied on
PGSR, P@@@@OQn&ﬂ-%ﬁl@%céu&Nﬂunhﬁ@1FERNE@@MME%@dada
15@%ﬂ$ﬁa9QaNBh@ﬁTé%”§%rQ&nAQEa@ﬁ¥j Q?H%&rﬁzntléﬁggeabove
and Technol ogy the I nternational Paten
lBemn#Q%@qretE@Dlntd.pUGNTTQ@eﬂxW@%&/Bﬁgasm Escherichia

h 305- 8566 stlc deposi t
- Cs,%t rai'n or| g| H N ;Il\hgjébpo%if‘?egré‘ﬁ? YH6% SRk

tiransf erneftt 8 sathd it € Dat tenal MI Rp@@mfbs Paifesmios
Budapest Treat% [0077] 35 The reconbi nant DNA

9&9%9%%5 G§Ed|%1QQR?¥ﬁ@§ent 25 invention is well
f@@w%lln the art and described, for

The transformant Escherichia coli HB101 {pCDAQO03)
obtained in the present invention was deposited on July
10, 2006 under a receipt number FERM BP-10639 (domestic
deposit strain originally deposited on July 19, 2005 was
transferred to an international deposit based on the
Budapest Treaty), and the transformanf Escherichia coli
JM109 (pCDAOO3} was deposited on July 10, 2006 under a
receipt number FERM BP-10638 at the National Institute
of Advanced Industrial Science and Technology the
International Patent Organism Depositary (IPOD: 1-1,
Tsukuba-shi Higashi l-chome, Ibaragi-ken, 305-8566)
(domestic deposit strain originally deposited on June 28,
2005 was transferred to an international deposit based
cn the Budapest Treaty).

[0077]}

The recombinant DNA technique used in the present
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exanpl e, in Mlecular doning 2nd Edition (Cold Spring

Har bor Laboratory Press, 1989), Current Protocols in

Mol ecul ar Bi ol ogy (G eene Publishing Associates and 5

W ley-Interscience). (0078] 7. Culture of

IreeRtspradtss vyl buknaewinng it highabave- pant ideedribed, for

r t f, pr.oducin e D am [ .

GERELE OFh Mo ORI o LT AR BER L) Mo B8 Sparino

Ha doocedabo e dargePraseyntl o8 chcaamehe uwitdiged1kornn

D&gf gr?ducéLoq_of L- .am no acid or 2-oxo acid, [0079]
ST far &1 2BV EFEERGSi KR L ishing Afichatas ang

el ssedntEigdmdiad to be used for the culture can be

a usual nedium containing nutrients such as a carbon

&%l a nitrogen source, inorganic salts and the

jih@ultwggntffgféggggg%%ﬁgsorganic nutrients such as

Vitam A and anmiho acrd are added, preferable results

can offyerci?2Dtheiaht ailethbé8ethe ntadrdidd seYa6€formants

car bohydr at es such, as | ucose and sucgrose,, organic
%ET ul 9§§ﬁ+%ga3' DIt HreoR6LE et drSased Ade

pPS ORET ahGeASi dME' t Akl LOYSMe SO CBe FFRNUMYSEht & 1arge

agueous anmoni a, ammoni a gas, urea, yeast extract,
ARPLDRe, vBdCh statepbei yidrd lan t fier 26hki e clincbion of L-

éﬁﬁﬁb @Eihh%ﬂ'ﬂﬂéﬁﬁigcig!t’ phosphate, nagnesi um

salt, potassiumsalt, sodiiumsalt, calcium salt, iron
§alotzokul fate, chlorine and the |ike can be used.

[0080], 30 Tfe cultgge can be perfaorned in a .

t enper &FUrB T BRGE O & MBI B8RTEGEGE FartfRalamadium can
oY efeabl yThEOMe2EaGm 196 386 ulsk AddiL | ORe EWﬂBHf%C@Qn be a
be performed at pH 4 to 8, particularly preferably pH
B4t 7R dingy Rt eingeinttieri enbat ehctulaure cethod

.éHufb@?ngiﬂw%f%dgﬁhggu%%%, %%é%bggfg's%iééxgg' the like.

When trace amounts of organic nutrients such as vitamin
and aminoc acid are added, preferable results can often
be obtained. As the carbon source, carbohydrates such as
glucose and sucrose, organic acids such as acetic acid
and alcohols can be used as appropriate. As the nitrogen
source, ammonium salt, agueocus ammonia, ammonia gas,
urea, yeast extract, peptone, corn steep liquor and the
like can be used. As the inorganic salt, phosphate,
magnesium salt, potassium salt, sodium salt, calcium
salt, iron salt, sulfate, chlorine and the like can be
used.
[oo80]

The culture can be performed in a temperature range
of from 25°C to 40°C, particularly preferably from 25°C

to 37°C. 1In addition, culture can be performed at pH 4

- to 8, particularly preferably pH 5 to 7.5. Furthermore,

either a batch culture method or a continuous method can

be used.
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Treatments for inducing the enzyne, such as addition

of isopropyl-I|-thio-R-D galactoside (IPTGQG or

| actose, can also be carried out, as necessary. 5

&0082] 8. Production nethod of L-ami no acids and the
OR8TAn effici ent productl on rret hod of L-anino aC| d,

2- 0X i C [ e D,

acid Qggéﬁiiﬁ% tgﬁke |nt n%%dﬁﬁzﬁﬁgs egp ai fed.

aZdixoienm aci ds@qrrdqeybbtlathe.@—tw-n-e@@laﬁgorsa@mn CIPTG) or

Ci D-.am no_aci dase to oxidi ze
qg%ﬁ%%% agF gﬁ?cﬁﬁ c?§§&%ﬂ QﬁFTe%EtP&RFSqu¥h|s
[eagtilon, it is assunmed that imno acid is produced
as an internmediate fromD amno acid to 2-oxo acid

o RAUCT AP Ro Medi P # s § 0 by A oAt € d an6t Thaol Bk d

by hydgol [ I _
obt o hod D aeT Ter RO R fon ShBERe I B tipey gota, 2
Q%RﬂaQﬂ@n1ﬂ© @mqiwwthmﬂmamUy)uhadusald&s@ aMIﬁm1E01d

n obt aj ned si dual substrat
or esrcr%?n ?gﬁé‘&e s]ol?u g’ TSt ahd EXR ‘%e 24~ 0xo
aﬂﬂﬂmﬁdﬁdbEOObﬁHﬂﬁ§dabydrbﬁdﬂﬂﬂ@efabémﬁw'&hﬁ%@XQc1d with
aC|d imnpo acid or cyclic |n1ned£roduced by the

DE3H RNt F oHe @ Fi€Hi$ ohCi RKd dR Letamine amith fepdical
ﬂ@gB@U@QSHa§%éd%fﬂﬁfeoiﬁwﬁﬁ§%°Qeéﬁ¥§éﬁn ék09%3ks§ﬁﬁed

Am no aci d dehydrogenase Here, am no
t@éﬁydﬂ@g@ﬂaselﬁs g LentzglnEelda\almgan annaeh:nmdlyaﬁ@ from D-
ct y.am-nhate 2-0x clic, imne jn the
agnq.qi% éc\!ﬂi tg OXO ﬁé |eg0¥1ﬁgle af lIlehIéPuagld 15 800N

resencé of annnn

qdmyaﬂﬁé@ntneZéﬁwﬂﬂé@ﬂﬂabg hvelcd Nes 88 dehlly drogenasgiq

égﬁgﬁgyrrollne carboxylic acid reductase. As the

Ja%.’élaéﬂr}dfr RRaseeHe bEYGIEF iiime CEPe@@ntObtalHEd
biyNVeIH &0 g ORE cderd veds from-any npl hpbagﬁ uo ac1d oxidase.

n1croorgan|sn1can be ‘used. For industrial "use,
Laamiveel 4¢beh miaer duor galnt-8 Amiest maﬁaraehedmai[iﬂﬁﬂ@raﬁe of

ﬂﬁ%t£¥%£%ﬁr8% %améﬂge nXu%%%nb%éggglgg,lgg %%ﬂtalso be
converted to L-amino acid by further bringing 2-oxo' acid,
imino acid or cyclic imine produced by the
aforementioned reaction into contact with amino acid
dehydrogenase'to stereo inversion reaction.
[0083]
9. BAmino acid dehydrogenase

Here, amino acid dehydrogenase is an enzyme having
an activity to reductively aminate 2-oxc acid or cyclic
imine in the presence of ammonia. Examples thereof
include phenylalanine dehydrogenase, leucine
dehydrogenase and pyrroline-2-carboxylic acid reductase.
As the amino acid dehydrogenase to be used in the
present invention, one derived from animal, plant or
microorganism can be used. For industrial use, one
derived from microorganism is preferable. |

[o084]
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has an ability to produce the enzynme. Exanpl es thereof
i ncl ude Brevibacterium Rhodococcus, Sporosarcina,
Thernnactinonyces M crobact eri um Hal onbna,

d ost |&g% Baci | | us,, Neur ospor a, Escherlgh
Ry ObASs 1o B CREO PR St ERPaF i Bapoed 88" long as it
NﬂgﬁimrQBDRS&Z;ﬁB”ﬁ&b@ﬁcébﬂﬂé)éni?m@rOdHQSmbﬁ%s thereof

.enzynme. é0085 Pref erabl e exanpl es thereof include
18RS BERVY: ct%rwr@mahmdam@@wsﬁp@eqqﬂ@gimao

ShegeaLe BeRtu, ML B elable, OBl Witecssocum,

Baﬂﬁllws,sEhwmuanmx&BRﬂ@@hérldknaJIﬂsrbbmdﬁbr and the

IAano 9. | ro anismthat produc , e
T PR iR e U B CR 6 CORRP R OA FRBiAG @n ability
tEUQQﬂﬁﬁ@cEatﬁ@téﬂk d#256514 and Bi sci. Bi otechnol
Eloch 1995, Vol. 59, nunber 10, page 1994. [0086]

rnDre Baci | | us sphaericus NBRC3341 is a
m cro a l.Qe . It :
20 has s S e BB A hELES AL O AR AT R e gt i ved
foOHkrfovm1tecr@mg@mllehg’/dvegeng&elgaft@athél gensubtBdde sl lus.

and 100%identity in the,am.no, aci d seguence. th
B, PRRhnbRbee SrBIRLE 0P LR SO0 padeeng derived from
- Bdidfiflenest bafiers gexe1 seguense phcBaqidd uspsablilbhs iI¥sRC3341.

known from Nature, 25 1997, Vol. 390, page 249 and
BREEIL 13§ abadé ugc dAI bRS Rois eABH4BBOCr BBRdeWerthahat

pEHHGEéerﬁeﬁ?ﬂgygﬂiﬁea&éﬂyﬁﬁ%ﬁ&ﬂneré %Qaf%§8%¥ PYom

m croor gahi sns belonging to ur ospor a,
EE@ﬂRﬂa@hPateAér@mynEﬁ25§5ﬁﬂnmnﬂmﬁhscm NBumnﬁthnol

BRHAI ) abtrge CTH o hat oA 1O pr BadEeL Dm0 |

pgogsqehydrogenase efficiently, preparation of a
transfornmed nicroorgaann1is effective as known well.
The pFBRANGASTN fret HaGitHerefephrAsiGHss NBRCE341 is a

ST ELON B RR0ss LY RENSRE BRE02” 1o
has the same number of amino acid residues as that of
known leucine dehydrogenase of Bacillus subtilis, and
100% identity in the amino acid sequence. In the gene
sequence, 14 bases out of 1095 bases are different. The
gene sequence of Bacillus subtilis is known from Nature,
1997, Vol. 390, page 249 and NCBI database accession No.
CAB14339. Moreover, that pyrroline-2-carboxylic acid
reductase is produced by microorganisms belonging to the
genera Neurospora, Escherichia, Aerobactor is mentioned
in Methods Enzymeol., 1962, Vol. 5, page 882.
[0087]

To obtain a highly active strain that highly

produces amino acid dehydrogenase efficiently,

preparation of a transformed microorganism is effective

as known well. The preparation method therefor includes,

for example, cloning an amino acid dehydrogenase gene
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activity, producing a reconbinant plasmd with a

sui tabl e vector, and transform ng a suitable host

strain using this plasmd. In addition, the

reconbi nant DNA s technique is well known in the art.

o088} stoaicoahgieny egenemati hga 6jydt dphysiroganase

JE%@JEE&?oﬁg -{fgelera bﬁ%fﬁgﬂ¥|#%ésﬁq% with a

above- nentfoned reattion by amno ac

sivg ehydr vgerasy raaydlii t esna froeduceg & osmidfakdeenzyse strain

such . NADH,_ where the cgenzynme NADH is conyerted to

S R SoR L ¢ T HB b Rss W1  ReCPBRLrG: DNA

tHithn B§0ENE sOfwed L oM@y AE 1 ho thes used. can be .

gbastically reduced by carring out the reaction using
8%8Jo acid 15 oxi dase and am no acid dehydr ogenase

it FREE: e ayj i to

T ert ek e fo s FCHERRA LAY Al Bt

cfomrmma Yther eegafiteara timdpeactaéfvdrryed to as

CoToAI L9E0ET S LG Rl A1) 208, 5, SOmPOUnd L o

© del ppepy ke skawdigh Br £9€AZ YRRNIQOENEE 2hi BE A Wh¥, such

for exanpl e, hydrogenase, formate dehydrogenase,

a8 dGH/ deh§dcogditasereBryEry A Dllehy dFegaraded to an
HUE0SE5 6BRGS y %Qg% o025 ghu ,
déLhydrogenase ?ni kt?h{(:eit‘?%]iggg%an %%éeagg Et%%‘g:oﬁlon' The
aprefrer abfya Commtwnalebydbegersase can be dsexhtiAsallhe

f t hyd derived, frompl ant_or , ,
e S BTSSR g e PSR Ea DR g g oid

Croo

o0 dies ¢ veddf kairio N €1 @0HBARIGHBdsn PEEf ehaklle AS-phEsence
nm croor gani s any m croorgani smcan be used as Iong.
ofs a1 teha¥™Mgn NAiIng yaR oaprddice thecenyymE. Txaeplaszed

ﬂ#}\%ﬁ&f £Behuded &, T 9! Eg%%% ”Pé!‘Pmm(ﬁE‘}%rigﬁa@é to be
g an ability to produce the enzyne, such as the

3 gened at Candi dmernkt yeekeegeri chi anglepdiydesy) 28d a
c%%%%ﬂ%ﬂgn %’bgpQgéfléu st%%qunggo@ﬂ&”&n@%&%ﬁoccus’

[oo89]

As the polypeptide having a coenzyme-regenerating
activity, for example, hydrogenase, formate
dehydrogenase, alcohol dehydrogenase, aldehyde
dehydrogenase, glucose-6-phosphate dehydrogenase,
glucose dehydrogenase and the like can be used.

[0090]

| Preferably, formate dehydrogenase can be used. As
the formate dehydrogenase, one derived from plant or
microorganism can be used and, for industrial use, one
derived from a microorganism is preferable. As the
microorganism, any microorganism can be used as long as
it has an ability to produce the enzyme. Examples
thereof include the following known microorganisms

having an ability to produce the enzyme, such as the

genera Candida, Kloeckera, Pichia, Lipomyces,
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Thi obaci | | us, Ancyl obacter. [0091] Preferable
exanpl es thereof include enzynes derived s fromthe

m croorgani sms bel onging to the genera Thi obacill us
and(ﬁg&globacter. More preferabl e exanples thereof
FSfH BAZy b 1ot Led- f Hymmmobaebiles $iracOKGBNA

| THHEM 8P1 7641) mand, AnsylLebact er aquaticus KNK60O7M

strain (FERM BP-7335). 10 [0092] To obtain a highly
460i%d strain that highly produces formate

dehyd fLclentl reparati.on. of a )
traﬁs%gﬁggygﬁgéo%ragﬁ%ggié@%g?ggtﬁﬂg%ﬁéﬁn%ﬂﬁymﬁﬁIqerlved
THuen priepanatiron mpimDsins heeafnrging| tdeshef Qfenkdra

o X%ﬂg%gilgs descri bed in W03/ 031626, cloning a

BRy & &%ﬁlﬂgﬁé’tﬁ%m dlose d?ﬁegﬁé\@ibﬁ.@ g£xamples
theyred e 1 4elvdogsAsRe aCHEH e g PgHCTﬂgd%%ﬁ%ﬁlus sp.

reconbi nant plasm d mfth a suitable vector
KErdfor hFB§MaBRrit&bl b host Arstyadaasemg atchist icus

KA - . [ecC, ' _ t.echni que 20 is well
KﬁLomm]?nsggglgrﬁ%%%gggg% ?gég )l es of the transformant

{ho92dbt ai ned that highly produces formate
dehyﬂ&og%$%§e,include Escherichia coli HB101 (pFT001)
(FERVEBPCPEPHR ot BBIBdehérGlehva ebirie imB1dat pFobly
(oM &8P 7673kt C bk Bgeharmter a -
pderived from %hig%%?#?%ggeég.%ﬁﬁ%%gﬁgggégg§ﬁBgﬁ?%$€?atlon
Ode e rli Hws £ armpgo 3110306069 aad@nEsiches £ Ehtaivel ia HBOAwn

REEAO0R) TR, BB LA SR S LA s, oo
caquetlicusa KNK6G EMistadi hn ( FEBNY /B3 1 §385) cdesaridesd Fhrmate
g 03@?6427. éoogg%hﬁfor production of am no acid

i VHehase, 9f M J_hjEregenasreBynohasormate
ccraioromals, jeralet) pneot A BN Y, Ablunsggn plasnis
wifrbhian P wht alil go vas i dehyddoderrasef aomingt p, soritable host
strain using this plasmid. The recombinant DNA technique
is well known in the art.

[0093]

Examples of the transformant thus obtained that
highly produces formate dehydrogenase include
Escherichia coli HB1O1 (pFTOOl) (FERM BP-7672) or
Escherichia coli HB101 (pFT002) (FERM BP—7673$'
containing formate dehydrogenase gene derived from
Thiobacillus sp. KNK65MA (FERM BP-7671) described in
WO03/031626, and Escherichia coli HB101 (pFAOC1) (FERM
BP-7334) containing formate dehydrogenase gene derived
from Ancylobacter aguaticus KNK607M strain (FERM BP-
7335) described in W002/46427.

[0094]
For production of amino acid dehydrogenase, formate

dehydrogenase by these transformants, production of

amino acid dehydrocgenase by the aforementioned strains

30




10

15

20

25

30

'35

production of formate dehydrogenase by a strain

showing a formate dehydrogenase activity, culture
only needs to be performed using, for exanple, a
eneral nutritive 5 pediumdescribed in WO03/0316. 26.

¥ e AelBs 84Y1° £t FedPheRT IFRN2R2Y A tiditiiet i 0BT can
& Bei par bar edena £ 0095} L £BLOROf AL A8Cshowi
p%at al ggjéamay be adnélaed to ay[%'aorr?%géaci gygxal %se J?I?) showing
& dginahe Bedydirgerasal asé iwl tipt add@mrarmnlybneeds to
j oceeds_an he resultin roduct, can_be_,
ot rogr o R " PRE SraTY Ty eBPORIe b fpstive
nfediroyede perddiede iprod0oced 3y p6 D- amopeancd e Hase a
reaction ghich degrades a substrate or a _resulting
EHSHURE D E Ad 8Tt IS0 RS 157 ERCH R StPpRéssede performed.
fegroadati on of a substrate or a resulting product,
and i s expected to increase the yield. Catalase is an
ldnzARdihapnc afalsaeslaseeaction to  degrade hygrogen
er ox| i r.an en. [0096] .20 As.the .
gatalgggélgﬁgeggégvgg %?%%%%n?ﬁa%,%pﬁgﬁf“%yaCld oxidase
neagroorgani Svecamhlem userh aade fier ?dMUiﬁﬂeaks¢$% ©f€ction
derived fro m croorgani smis preferable. t he
B4 S aR ROt Ky 9 e bOPGama e Banuid drongd.
Hawevdr aghan yakild tia { 0dBRRAGE: theeeRBY dﬁ@%&@ 8roxid
25€ihé$£of ingﬁhde yﬁzyfo[lomﬁqg knoan m croorg nlsﬁsroXl ©
PRAAHE AnPEbRl DR @r sdide cttiglame yneacsucm aswh heh

r opseud nas and the like. ln .
T, & e T BBV, A o nB oeiip tn srdstfbion of
d&ﬂﬂiaiﬁaﬂppesaﬁsdémﬂegﬂﬁﬂaﬂﬁﬂﬁy%ﬂvaibaw31§3E536r3Q
i ncl.ude Cataz 25L nyf act ured by Novozyne) an .
rlé%:%_ (Bé@%n{qverggw&rﬁjf%%l?‘a?*éadbf@-£ncrease the yield.
cBitechesngal §, anl ReAyddO0BKLt TaeMapiaki ansQfction to
transformants 35 D-am no acid oxidase, am no aci
dggnAftDgenasegesn poshdgmi Nivavivattar and oxygen.
F@gg%qne-regenerating activity and

As the catalase, one derived from animal, plant or

" microorganism can be used and, for industrial use, one

derived from a microorganism is preferable. As the
microorganism, any microorganism can be used as long as

it has an ability to produce the enzyme. Examples

thereof include the following known microorganisms

having an ability to produce the enzyme, such as the
genera Micrococcus, Rhodopseudomonas and the like. In
addition, commercially available enzymes can also be
used. Examples of the commercially available enzyme
include Catazyme25L (manufactured by Neovozyme} and

CATALASE (Beef Liver) (manufactured by P-L Biochemcals,

. Inc.}

[c097]

12. Variations of transformants

D-amino acid oxidase, amino acid dehydrogenase, an
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as a [e
T AP AE Lo Caft ra 07

catal ase to be used in the present invention may be
produced by preparing and culturing transformnts

i ntroduci ng each enzynme gene, or preparing and

culturing s a transformant introducing plural enzyne

gehgse hpgaogl 4 rcedrzpresanganmentiog, asdchvbtyt Ard

%ﬁ Qfggg Pb @@'ﬁ%éﬁ'gno{%%g‘%eggﬁgoiﬁgé%tion may be
ehydr ogenase, enzyne™ "having a coenzyme-Tegeneraittng

rmotdweey, bgngpregiat Bse Bna carl ther isgd tas ranYf enaynes

ltself, and can _.also be used as a m croor,gani sm_or g .

et QUCHREA AT Her 8BRS BENE (I PEPBATEd prafidcPusfturing

471 €F HOE GaRnSMTERNSr o HAE 18X Br a1 CEHEGMRXId &l 5

freeze-dried organismof cultivated mcCrobial cell
6%k dried organism or disrupted is product of

them r c e e S
innDbFf{ggggl%ggéﬁgﬁbgggﬁﬁggbgé'i%%b |f#§igaga#£%%ﬁﬁﬁg D

dnsedfaoid wixdrddxe) eaihe lyciad kdewpdmreigeaths&prenzyme

i mobi I'i zation, 20 crosslinki,ng nmethod, coval ent

N Ao mELROE Y Ry ST S P e Pt Oh Meitod, 28hcFakréAse

- ded hed apddt ke ldkeen ¥hneh 1t KNOMAAMRERPAS1 §9 be ‘used as

t hose of ordinary skill in the art, can be perforned.
g (ADPMOOP9aNG Fbt @F n2 atKegitled arredecst tdigramat Here, the

ek Aitda PLOMNEAS d R ARONG IR GO Pl 120k famp e,

oxl dase, “am no acl rogenase, and dn
draviegeatceenzynese ¢ egeneriatd g gahi wint pfefdi i enbtgd
erahl.e enbodi ment .of the present inveption
PP Rfs Forrfsh A 8FBoFGani%m G 4srupted
efdeettverasngwown well. As a preparation nethod,
kakin D-am no acid oxi dase as an exanple, D amno
di0P %xi dase gene is cloned froma strain showing the
same @Hft dYmo etegwgv'€§% géaﬁ@éé ggtgnaiﬁwﬁﬁ¥ﬂfﬁed
vector 1s formed and a-host 35 m croorgani sm such "as
cEstyree i chicaloald lapndinmebliilkein@2atheuglymotitsels or

. T : - _
ﬁ%%ééggg?rbéffg“gfdé k%JQﬂ”ﬁﬁéﬁQ&? ugérgimmobilization,

crosslinking method, covalent bonding method, physical
adsorption method, inclusion method and the like, which
are known methods for those of ordinary skill in the art,

can be performed.

" [o100]

To obtain a highly active strain that highly
produces the above-mentioned D-amino acid oxidase, amino
acld dehydrogenase, and an enzyme having a coenzyme-
regenerating activity efficiently, as a preferable
embodiment of the present invention, preparation of a
transformed microorganism is effective as known well. As
a preparation method, taking D-amino acid oxidase as an
example, D-amino acid oxidase gene is cloned from a
strain showing the same'activity, a recombinant plasmid
with a suitable vector is formed and a host

microorganism such as Escherichia coli and the like,
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the plasm d, according to the nethod shown in the
bel ow nentioned Exanples and the |i ke, whereby a
transformant can be obtained. s [0101] Furt hernore,
by preparing a transformant having plural enzyne
theonves] eathramiyiralanl hel prodeshd by thensdegmed using
el | thod, of n
BRI pedth A 8Ll MR SOndun dpy g below
miemd iuthexd Exanmgfiersr awgd athecadidananihrabm d wheates flormant
plural enzyne genes are inserted into the sane vector,
c&“‘ﬁﬁ?ﬁ%ﬁ gﬁ@@%ding i nserting respective enzyne genes
[pt@1]different vectors having different replication
origin ori) and different drug resistance genes, and
is trHBg YT € hebybPaioRed Prar al treaoin ranet having

A o o BT 01051 RGP N b obEnprodtioed By ehe

oalgore-arenb i ate d aiet hodas aa 2fle t hadsfodf Rtk paayhgg aa

am no aci X|dase and enes of am no a
BRI gERabe DA Hh HEGHe RRAME @enes, o methoa
1@RENZYIRy I edeRe R irith GCL yet:bnﬁﬁ_mab@t PheRHA MJ@@J_I}

shows an activity value that has increased 1.3-fo or

PG, PDEPME eVl e 10nseird st %@bvethﬁoﬁam&wvegbor, a
f tyre o d.

@%%Qﬁ%dlﬁg%a?g%'are E%Egbrgﬁs h%&%ﬁy%;&éﬁgé into

d@ﬂﬂénﬁntavedt@msﬂhﬁwg@@edaﬁdmaﬁnmresp@ﬁ@aﬁ;dn)dhfgin

beI nt ed Exanple 12 010 so As the
Butor M g S Rar st i) FEET 010D, SarRe  mad

teasergens iche r&@épﬁsae?%md r&cohbansira! smids by
and vector"” can be used in the same manner. [0104

the sEwRiukPESN TIC1oRg ARl AR @fchrtdh ¢ héikiekeags be

n@ﬁﬂgﬂfﬁ% gn of L-am no acids, 2-oxo acids or cyclic 33
I’ mnes by optical resol ution reaction in the pr esent
[0102]

According to the above-mentioned method, a
transformant having a D-amino acid oxidase gene, and
genes of amino acid dehydrogenase and an enzyme having a
coenzyme-regenerating activity can be prepared, which
shows an activity value that has increased 1.3-fold or
above, 2-fold or above, 10-fold or above, moreover, 20-
fold or above, per a culture medium of D-amino acid
oxidase, as compared to a transformant having a D-amino
acld oxidase gene alone{corresponding to the below-
mentioned Example 12).

[0103]

As the vector, the vectors exemplified for D-amino
acid oxidase gene in the aforementioned “6. Transformant
and vector” can be used in the same manner.

[0104]
13. Production of L-amino acids and the like

Production of L-amino acids, 2-oxo aclds or cyclic
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i nvention, and production of L-amno acids by a stereo
i nversion reaction in the present invention can be
performed by the follow ng nmethods. 5 [0105] In the

af orenentioned racemc amino acid represented by the
imdnas Pyi1pptasalhesubberava fusachben énzyme present

F]l%%q{ﬂfgﬁ Eﬁ@r {5 xf @%9%08%| l&}/lirg{ggpacgﬁ %‘}ala{ystereo

avi ng substltu n aral gr oup
l@p?tﬁl[ﬂ’t&bll‘lyrba‘(ﬁltng)rs ubst thaeptreentor i £6eRQ iamy lcagr dukp

onal l.y. hayi n tituent The C1-20 al kyl
P&Foﬁ?pm%%t?éfn sy ﬁfﬁ’f@l%b?&i%}%ﬁiﬁ(s) for the
pbove gnentloned R represents not particularly limted
and, for exanple met hyl group, isopropyl group,

|sobu€9| theoupt o TensnivdomAdr opyETgrogmino acid
iggggg t aranoy, t I
h roxynme £gﬁ p*gﬁ%ﬁ%, %?ﬁﬁigroxaétﬁé$ g¥ougpg%%rate tor
kmﬁﬂnayﬁmymehybaytmqnsz reptieddmi ®eChyP 0grdlgyl group
-.mer capt o- | - net hyl rou but yl_ gr.ou
o B RoBrRIpYIS Spe LEPER o ) m GdzaPeremi L Erous
o@mwhaﬁlpyha@rlw,sﬁb@t@@ﬁbn&r@bp, Br b@tmlo girﬂ}ap ,group
- but yl §%roup, chl or omet hyl group nmet hoxynet h

yl
Hyaﬁ&%ﬂatﬁubﬁibGEem?%ﬁhnoﬁﬂb%y¢ -gPoapkyl group
Pydy 9F QUP
%benzo ?iﬁy %?#ﬁﬁkﬁ&%%%ﬁﬁﬁ@%ﬁh% hoéggaF %nfﬁ&ﬁ?lmentloned
Rgmmgre@énaﬁdmduapakE1cahahéyﬂﬂﬂmimed andQ1G&]r Tdweample,

20, aral kyl gro optional |l y havi bstituent
EE oL “BapEPe il h ket LB omRy S rSuET dngrs iarby]
m@tUPL p+ BEOLY lgrRityy) @é@yamo@ﬁc&mpxowe@%ylwr OUp,

2-fl uorobenzyl group, 3- fluorobenzyl group,

CAIRATR DBBARYIL  GHOHE - 3thrm§M%ﬂ¥hmauﬁxyb@nzﬂl group

53%%6%¥OE% gp%?gh |§Eﬁgégﬁ%% t%?? éentgé) |nclude
mettdryl t gL oaphv4- hpdvgxy phgryle r35 g oup-ard hiylie dtitkkel group,

Exanpl??IP gy&hgﬁtﬁﬁgfgéggﬁgb |nclude%P§4p%g%%%hgﬁfH§j_
imidazolemethyl group, ethyl group, n-propyl group, n-
butyl group, t-butyl group, chloromethyl group,
methoxymethyl group, 2-hydroxyethyl group, 3-aminopropyl
group, 2-cyanoethyl group, 3-cyanopropyl group, 4-
(benzoylamino)butyl group, Z-methoxycarbonylethyl group,
and the-iike can be mentioned.

[0106]

The C7-20 aralkyl group optionally having
substituent (s) is not particularly limited and, for
example, benzyl group, indolylmethyl group, 4-
hydroxybenzyl group, 2-fluorobenzyl group, 3-
fluorobenzyl group, 4—§luorobenzyl group, 3,4-
methylenedioxybenzyl group and the like can be mentioned.
Examples of the C6-20 aryl group optionally having
substituent (s) include phenyl group, 4-hydroxyphenyl

group and the like. Examples of the substituent include
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car boxyl group, alkyl group, aral kyl group, aryl

group, al kanoyl group, al kenyl group, al kynyl group,

al koxyl group, hal ogen atomand the |like. 5 [0107] In
addition, in the aforenentioned cyclic amno acid
afdpyeseneed , b vidre £k npraup4) niRré sgfaud, aldpdno group,

' tignally ViNng _substitue s). Exanples o
ER PP o PPl AR Se R tR o LT hgEP R Fpbhpgrore.
aldidarmodD group, @ﬁﬂﬁhglOgFou@a”EEQqﬁglogFou@JQ&lkoxyl
‘group, aral kyl roup, ar group, al kanoyl group,
é% Ihﬁfﬁg%P é%qanﬂmdg¥8§pl%ﬂ%oxyl group, hal ogen
phe@m-gnd the like. [0108] 14. Optical resolution
reaction 15 For a resolution reaction, the
abovelremddideon subst tdtee d8oremensd omiadh ¢helic amino

f: ' m n aci d _oxi da I n.an.aq
T RO LPER s B e iy 4 o Phe B0 & bt | onblivL
chesaiot | ot 1 Cakallas & degs adesvhydringent pey oxi BeaRpaducask the
by the reaction with D-am no 20 acid_ oxidase and
Sé‘%’p”‘[ﬁje%‘é%’%tdé&rc&d’éﬁ GHLLRCa ISR REATBRYE GEQHR ngitro

gRIAPICt o yh Road@idhioN, c £AD KR &K@?daigyétg%%ﬁ%% aralkyl

reaction. FADIs a coenzyne-of am no ac
JEPIRdd? £ Y bngtrkereofa l kargpdctgerb up, | atkeayé tgmoup,

F tLon |.Ci . e ditiqn concentratian of FAD, ,
aégiié¢%r fé?gblngxgagyvgggﬁ 'a%ﬁﬂﬁ?g%? 3%8@eaﬁh iy Like.
gquipedl ent anount or below, nore preferably 0

quivglent amount or above and 1 equival ent anount or

18el FRTHore IHEorAERS De8GHLRR ent amount or above
and Opbr @Uui s £RE 5 BADYR, OF 1 BRI OV ef %!tﬁi&é/ﬁméﬁt&'a%led

substrate. 30 [0109] 15. Stereo inversion reaction In
st tst ek @ ol Enversi reathi 6he taheoremenitdpniesl D-amino

B SER LT 30 SRS UDIR LR B FReTEs Ol
a8l eati o okhdaabovichenad of efeiat iranesk aoh 10 @gtd13%e degrades
hg%tyodgré)lgeggggx?%% apnrc?cri-]é rengl Iﬂ)%r\/itnhge arggggzzl)c/)ge-with D-amino
acid oxidase and suppresses degradation of a substrate
or a resulting product. In addition, FAD may be added to
the reaction. FAD is a coenzyme of D-amino acid oxidase
and addition therecf is expécted to increase the
reaction efficiency. The addition concentration of FAD
is preferably 0 equivalént amount or above and 10
equivalent amount or below, more preferably 0 equivalent
amount or above and 1 equivalent amount or below, more
preferably 0 equivalent amount or above and 0.1
equivalent amount or below, relative to the substrate.
[0109]
15. Stereo inversion reaction

In the stereo inversion reaction, the reaction is
performed in an aqueous medium in the presence of the

above-menticned substrate, the aforementioned D-amino

acid oxidase, the aforementioned amino acid
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regenerating activity wwth a conpound to be its
substrate. Catal ase nay be added to the reaction.
Cat al ase degrades hydrogen peroxi de produced by the 5
reaction of D-am no acid oxi dase and suppresses
¢BASEf 2AS ISt PREFNGr havigsul 21 Agepromet .
%Je]rg_] -addit] . 1 e e.above-
e nti o#égl?ga%%:itg&liﬁgﬂ?gxa%cgzo%%%%ﬁgf EB é\% nloi?saci d
sibsoxialase abalt addistl ara ¢ hee eatidies expechtiedreaction.
i_ncrease éhe reaction _efficiency. The concentration of

CeAS 1T D CaaEE S S HTEPEPRLIPR (PR VRFRAU G dbbvEDe
rad tlibn egei vakafilio ofcbel ewidaye pref §ﬁ%®rséé%es

equi val ent or above and 1 equival ent or below, nore
dsetastabl 91 00£5 ekt sat cocrabovee anditdng product.

[ e]l ents or below, relative to the substrate.

Fgﬁﬂ]] In addition, a coenzynme such as NAD may be
addedIno addiet dmyeFABntrizondske shdded it erlsé oabove-
reacti on. Even when 2 abcoenzyrre such as NAD i s not _
T &%@cﬁn?ﬂer?gggﬁod}f n%ﬁ pt BcBed OFIF ¥Be aPLoBnAdio acid
o 85 M pHESANod Nt Re rELE GY 03h 8AL cHOWRY eIncrease the
addition of a coenzynme such as NAD is expected to
TedGtesae €REICA&TIGN ¢ crenepntmRtienneéntrd iton be

f S - d ' referably
GV EnE e B ana avedi il g, 15572 LRLITO
egprier prehtsably K& 10000 1megei valeefd salol yaboeeainda1ént or

ui val ents or_hel aw, re preferably 0.000
2B AR S SAHEAA N6, BE Tafin VAT B BISE AR O
el@liatd Vént Oottheuthstaabieo . Widfe s heeHpRe b iK1 09f
the 30 anount of the coenzyne to be added is not
I&AAG kIR aF Py thie mukstratei-s general ly 2 equival ents
blﬁﬂl ow, preferably 0.1 equivalents or bel ow, nore
Ere erlabl y 0.01 equivalents or below, fromthe
econofncalddstpkon s. a COEI2]yiB6 Furthersni¥A) mawDbiea aaided to
+3 salt thereof . eecge added .36 to the above-nentiaoned
eraé%OY%VIg?git&?r¥ C?'F%ﬁ_EOTH.élverSlon reaction. Even when

a coenzyme such as NAD is not added, the reaction may
proceed due to a coenzyme such as NAD present in a

microorganism. However, addition of a coenzyme such as

- NAD is expected to increase the reaction efficiency. The

concentration of a coenzyme such as NAD to be added is
preferably 0 equivalent or above and 2 equivalents or
below, more preferably 0.00001 equivalents or above and
0.1 equivalents or below, more pfeferably 0.0001
equivalents or above and 0.01 equivalents or below,
relative to the substrate. Whilse the upper limit of the
amount of the coenzyme to be added is not particularly
limited, it is generally 2 equivaleﬁts or below,
preferably 0.1 egquivalents or below, more preferably
0.01 equivalents or below, from the economical aspects.
[o112]

Furthermore, ammonia or a salt thereof may be added
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concentration of anmonia to be added is preferably O

equi val ent or above and 10 equi val ents or bel ow, nore

preferably 0 equival ent or above and 2 equival ents or
?IOMI nore preferably 0.1 equjval ents or above and

tj? Fhe ARURERES Tho R ot ergoatinee ¥ Dl PRe red@sst¥an e. The

coPEEHt r FPeoa0BEE AL 07 % the afd@éaf@ge charged. { or g

the above-nentioned optical resolution an stereo
eigfhiaTash @it | @rr @@@tweoram@ 001%yuiwa lant above b@iobx@p%tore

S B Dol A AL SE L M o0t B S0E o

beilesn/ uﬁmr)@ pmefmmlonlsbaltxﬁ,vanambsmrt h&ove and 1.5
reagctioon tenperature in the above-nmenti oned

SASSOI NGNS r BEc PP Emdr 8L BF T BLS S nvRe sPBR StER:S on
[glggqtrolled to a suitable tenperature of 10C or

above and 80C or below, preferably 20C or above and
60C oFhBelcOmnCemdrahéons edction sikbtretiss standedr for the

th H at
SR e e, Geipg e gl tel L
rbantﬂdnnupkbGl&ndwwﬁ o eablbare lind d0%adei/ti)onnrtbelow,

su rate be added at  once, or _added by portions
pSP z%%%gﬁ%lﬁwfﬂ%e%%o%%oﬁﬁnﬁQﬁmﬁp°ré§6W tiogh below, and

theaGld Lok PHAsShekeqd f‘ﬁ@fﬁéen 1ALt A PO BR% £B®n o
performed by a batch method or a continuous nethod. 25

SP@P@QSQ¢@ gbabkut ilgn wlehehi theameateien twmaamzﬂure in
act | resent vention can be L Per

T B T Rt s I

itlve ds dken réactlienacmeocuﬁnﬂedllumd st t abk e iselbsent s

such as water, 30 buffer, an aqueous nmedi um cont ai ni ng

EETRATA L EBE uBEe L 05Fg R @BRT9eAnds GO Cao retrbhol, a

p@éﬁ@ﬁgb Sﬁ@ﬂ@mﬁéhabﬁﬂn@q¥§§u§OH€db# Sugﬂ%ﬁ'”ﬁﬁ% @he

har d er solu organi ¢ sol ven
r&@&ﬁﬁQﬁ %H¥yurac@ﬂﬂ3¢OOdob&e@élRﬁﬁ@rﬁborspmermmmﬂewhlle

B b bopha 00 oo 35 UL Nt T 420l O SR a
1Be gd&dkﬂﬁhly neteslsey Y. than pH 6 and not more than 11.
In addition, the substrate may be added at once, or
added by portions or continuocusly. The above-mentioned
resolution reaction and stereo inversion reaction may be
performed by a batch method or a continuous method.
[o114]

The resolution reaction and stereo inversion

reaction in the present invention can be performed using

an immobilized enzyme, a membrane reactor and the like.
As the aqueous medium, suitable solvents such as water,
buffer, an aquecus medium containing a water-soluble
organic solvent such as ethanol, a bilayer system with
an aqueous medium containing a hardly water-socluble
organic solvent such as ethyl acetate, butyl acetate,
toluene, chloroform, n-hexane and the like can be used.

Furthermore, antioxidant, surfactant, coenzyme, metal
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[0115] 16. Variation of stereo inversion reaction
Next, as a nore preferable enbodinent of a stereo 5
i nversion reaction, a production nethod of L-am no
acid froma racem c amno acid, which uses D am no
aasi dheoxl dhsecaaniaisachd deldedt odemas enane saamnzyne
Fﬂ&iﬁ a coenzyne-regenerating activity is expl ai ned.
fids enbodi ment, a reaction is perforned in an
laquenausi aedoumek0 stetde presencdemireacacer ¢ ani no

acid, the aforenentioned D-anino acid oxi dase, am no
aci d V§&fhydrioyehaBer caR &M haveRgodiment of a stereo

{GRRIZYIEN [ 808RRNANI NG BELLI oM U n68MBRUL 45 6 acia
a substrate thereof. [0116] is In this enbodi nent,
frgmal asea papial sovibe agldéd, AhiatheusasaPassindoseid
recited in the afar ntigned "11. Catalase" can b .
HadF T o109 18 F P ErRLER B artin 50 elomnyiie Raving
cloeand yime agk fenze axikpsectaRinG aid dedehydnegenase this

and enzyne havi ng a coenzynme-regenerating activity, )
S BFRE pr BdFEEF iR ctiPt PERIHG R t +BndPodfEfROUg gRedium

ibe &?@dffﬁéséﬂc%n@@?e theghfic andh £an.8i 80 Redised as
a transtformant or a treated product thereof. Here,
atfiper anreat ednpdoduanioio 25cti dasfictaeet apane, foid

e tract, freeze- dried organi sm of .
BT Sre e, & e BSindin Carr it fifrenp rating
aert iay Ot grwpted apradisdunll theme [D1d8bstVWaeR ahereof.
&ransfornant i ntroduci ng the genes of D 30 am no acid

Qild&de, anino acid dehydr ogenase, and an enzyne

havi ngna +¢0eN2yBs 5 EHeRe! ald Nga BELEVIY, id1 H8he added. As
present Il nvention Is used for an enzyne reacti on,

thiecrobialasel | $helnai nedibgdedlnt whegaferesethtioned “11.
AR raadE GRRdRe can be chortened T
{oaenrgsponding 38 to the bel ow nenti oned Exanpl es 13
and 1%%'the present invention, each of D~aminoc acid
cxidase, amino acid dehydrogenése, and enzyme having a
coenzyme-regenerating activity, which are produced by
cultivating a transformant, can be used as an enzyme
itself, and can also be used as a transformant or a
treated product thereof. Here, the treated product of
transformant means, for example, crude extract, freeze-
dried organism of cultivated microbilal cells, acetone
dried crganism, or a disrupted product of them.
[0118]

When a transformant introducing the genes of D-

amino acid oxidase, amino acid dehydrogenase, and an

enzyme having a coenzyme-regenerating activity in the

- present invention is used for an enzyme reaction,

microbial cells obtained by culturing is used
undisrupted, whereby reaction yield can be improved

and/or the reaction time can be shortened (corresponding
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[0119] The concept of the "undi srupted” or "using
m crobial cells w thout disruption” includes not only
s the absence of a physical or chemical treatnent is
applied to the mcrobial cells but also the presence
tex thﬁtb%h@ﬁemempiqpeddEyEmglﬁﬁedﬂhemmd fldeeze
x ﬁ%gng freeze-dry treatnent, acetone drying

reat or addition of toluene, surfactant and the

||ke)Thelbdﬁunpmuoftah@hmﬂhdﬁsﬁﬂﬁt@arydﬂﬂ*usiﬁgthe
art, ns at, .increasing the cell nenbrane

a i
%ﬁﬁé%ﬂb? .?91&18 tHe-D Mk r §hPaMPLAs. 0E20Fes not only
thd thesdme e, oeagh Y82 €aBrbeisSed- 25 fRelament is

-~ i mmbi |l i zed enzyne obtai ned by i nmobilizing an enzyne

ﬁﬁﬁkﬂ¢d0¢°ntbﬁOMMﬂrQhﬂ$é byléSkmuM1mbshodhaaﬁresence of
QH%E! cros I|nk|n nmet.hod oyal ent n
t odl'1 %i'/& cal® ddsor%% gr taﬁ:gbem'rhcfy'ﬁgie&r? %ert Ugent

'ﬁmubzd*mmylkeEaMMdﬂtﬁIECKﬁew&Iﬁﬁﬁmn@ teeathese: ofor

or di nar Zg skiill in the art, can be_ perforned

ﬁé&ﬁ.°¥n dHP@Hﬁ?e¢¥E?BEBFSPHNA@QﬁMtFﬁe1P#ﬁ@lﬂﬁﬂ%eknown
taddeg 40 ébeoéaq\f%fﬂﬁnéki?m@dlhe%@lté %tThﬁhﬁ@u@lﬁé at

FAD, NAD and the e to be added is as indicated

- izsoeen s eg [ Dheok el themhoase memmsabblisysalff the

dygygggafngegg added to the above-nenti oned stereo
i nversi on reacﬁlon The concentration of ammpnia to
bei1added is preferably O equivalent or above and 10

equi val ents or below, pore 30 preferably
equingﬁﬁ IO LHovE2SHd S 2R VaRBnPE &SGQMQ%mPnnDre

1RARIIEN 80} ¥d Oe 8 z§0Hd V€04 e Al v3PAMEARE1123ng an enzyme

equi val ents or below, relative'to the substrate.
itgEdd] of nmiRrebdmlodiebhe, byagekinowmi netacidd For

f I
sppresenietions Bedle LLSmLans, [ SEpe (i a0t ng

repres OFITU
medhdis, uyskepsdsad adsorption method, inclusion method and

the like, which are known methods for those of ordinary

'skill in the art, can be performed.

{0121]

In addition, FAD and/or NAD and the like may be
added to the above-mentioned reaction. The amount of FAD,
NAD and the like to be added is as indicated above.

[0122]

Furthermore, ammonia or a salt thereof may be added
to the above-mentioned stereo inversion reaction. The
concentration of ammonia to be added is preferably 0
equivalent or above and 10 equivalents or below, more
preferably 0.3 equivalents or above and 2 equivalents or
below, more preferably 0.8 equivalents or above and 1.5
equivalents or below, relative to the substrate.

[0123]
In this embodiment, racemic amino acid represented

by the aforementioned formula (1) and cyclic amino acid
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substrate, wherein the conditions such as
concentration of the substrate charged, reaction
tenperature, reaction pHand the Iike are also as

i ndi cated above. s [0124] 17. Isolation of resulting
rgroduenFed byoltdte ofpofiulaartidnio cak dpe2uerd & ch or

j L m t hus. produced,. .t hey can _bge separated and .,
5%’?% 1JTLFaeiE'JIé ! b)%%ae r[:é oy ent T ocﬁgfld§5§ﬁaﬂ*ﬁ i %Hcﬁef’lﬁocf,mfco‘?ntr ation
ofx &t esubstgapay &tﬂa)ﬂlg]ﬂat h@é%zcﬁ:ficalxtt@ﬁbﬁﬁzﬁ,tutre, r%action

oncentration crystallizatiaon,_ colum chromatography
p%h&ﬁ#k???kg}kﬁ'a cohBP nafi di G esd. abeaspl es
9123l is A list of the Exanples and Reference
anpl'es is as follows:. Exanple 1: Isolation and
ldur ifdeha t danofo D-ems wbt dogdprexdiwsatse Exanpl e 2:

Propecrtie f am ng_aci d _oxi dase, 20 anpl e_ 3: .
Detgrr%nbﬁa?“lsgonl%l?ﬂt SFn & 2B 38%%’5?&@%%@05? or cyclic
ibdard nohasi groxiviase, Exaspl ead dsod@phoated Rraliherified
aci d oxi dase . gene Exanple 5: Preparation of
bYe Sorftf MARE EHPASH F &3F 254 PAg MaSReR nof a| g¥eRRie
s@@Re 201 X anBhe Ris REeparalher in ! fé@ﬁé@h@%ttilb%{ g

reconmbi nant DNA containing D-am no acid oxi dase gene.
CEY&HH el 7zasjarhesial win Lchrome tasj ok phy2aoxo tde dibye, or

r t1on.reagti ing purified Dbam no acid
oxi %eﬁggéﬁpﬁg%b%’;ht hesis of L-am no acid by

resolution 30 reaction usigsang1@kn having D-amino

cid qxidase activity Exanple 9: Synthesis of L-am no
Egﬂa5 r 2-oxo acid by resolution reaction using
transponmeit {4)tcS¥nkhesiy Lf éﬁ@hﬁgfﬁyéﬂgéeﬁ%gﬁs es is as
phenyl pyruvic acid 35 from DL-phenyl al ani ne 4 }
foddtdiessi s of L-phenyl al ani ne and phenyl pyruvic acid

‘Example 1: Isblation and purification of D-~amino acid

oxidase

Example 2: Properties of D-amino acid oxidase

Example 3: Determination of internal amino acid sequence
of D-amino acid oxidase

Example 4: Isolation of D-amino acid oxidase gene
Example 5: Preparation of recombinant plasmid expressing
D-amino acid oxidase gene

Example 6: Preparation of transformant using recombinant
DNA containing D-amino acid oxidase gene

Example 7: Synthesis of L-aminoc acid or Z—bxo acid by
resolution reaction using purified D-amino acid oxidase
Example 8: Synthesis of L-amino acid by resolution
reaction using strain having.D—amino acld oxidase
activity |

Example 9: Synthesis of L-amino acid or 2-oxo acid by
resolution reaction using transformant

(1) Synthesis of L-phenylalanine and phenylpyruvic acid

from DL-phenylalanine
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from DL- phenyl al ani ne (3) Synthesis of

L- 4-fl uoro- phenyl al ani ne from DL-4-

fl uoro-phenyl al anine 5 (4) Synthesis of L-Norvaline

and 2-oxovaleric acid from DL-Norvaline (5) Synthesis
() RY¥REBRSLS ffank TRheREkaRachiRe 02 DE- Phleay iRy ruvic acid
fRmh£-18: nthesi s 0f L-am no acid using
transfor%aﬁP§Mio (l%ﬁ%wnthesis of L-phenyl al ani ne from

(BL- phemyyhalbds e 2) - SYnbhesishafylaphedylealfamimedL—4 -
f.rom DL-phenyl al anine (3) Synthesis of

f&HE??u%$SPHﬁ 2ﬂ%ﬁine from DL-4- .

(fdus en phesylsalomimend AyaDimhesn§ 2fckobanlidea&18Mrrom
DL-Norvaline 15 (5) Synthesis of L-leucine from

DBRC-N Rt ERhéRef erence Exanple 1. Preparation of

tenansg : NV | al_ani ne. dehydr ogana T
ST A PR o e P LR S b € Y BRAOP B oo
atlrmamigi®r mant havi ng | euci ne dehydrogenase activity 20

: .. Preparation aof _transformant havi ng D-am po
SRS 804e SHETT S5 Al fo o 6 CBRyfr DgemioeTans Eormant
(aqt isytiyheaid act indphenl1an Lizyderhen Bl-phenylalanine
%%enzyne-regeneratln ability [1] Preparation o .
(Eransf ot RBAL ShQA g D aRY hé ladiin o5t sRRd REephagict abanine

(@g?ysggz@gﬁega_% yd ﬂﬁiﬂﬁigog%h-ﬁ?{%gﬁt‘%gﬁﬁiﬂ%t LA doh €1, — 4 -

epar at i on of transfornma am no aci
fdxidasepheaydiaderdiersy dr ogenase and formate

hy; n tivities .30 [3] Preparation of
(gﬁanﬁﬁgﬁggg%hg\%nﬁ [%95}??111611 ci O%x’?ﬁé@@,’:vallne
(Bhersyet nekne dehydibgesase &b oprRlgucdekydrogenase
activities %4] Preparation of transformant having

RBLaH HoC AcFaameiidase, F pREAYIEN ot net deRpardgemset ahdving
pﬁlféfﬂygﬁﬂééiﬁ%hw% @&@ng%' .‘Qdfflféié. Exanpl e 12:

Production of D-arno acld oxidase using _
Reference Example 2: Preparation of transformant having

leucine dehydrogenase activity
Example 11: Preparation of transformant having D-amino

acid oxidase activity, amino acid dehydrogenase activity

and activity of an enzyme having coenzyme-regenerating

ability
[1] Preparation of transformant having D-amino acid

oxidase, leucine dehydrogenase and formate dehydrogenase

activities

'[2] Preparation of transformant having D-amino acid

oxidase, leucine dehydrogenase and formate dehydrogenase
activities

[3] Preparation of transformant having D-amino acid
oxidase, phenylalanine dehydrogenase and formate
dehydrogenase activities

[4] Preparation of transformant having D-amino acid
oxidase, phenylalanine dehydrogenase and formate

dehydrogenase activities
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transformant Exanple 13: Synthesis of L-Norvaline

usi ng transformant having D-am no aci d oxi dase,

| euci ne dehydrogenase and s formate dehydrogenase
activities Exanple 14: Synthesis of L-tert-Ieucine
BFamRy et LansFaafuftt heni A§ B-m oo asid doxixdatsesse using
Hreled pSrndelydr ogenase and fornmate dehydrogenase
activities Conparative Exanple 1. Synthesis of
Fzayp Val Lde Syimithdoi ¢ r afisfeNmmnta hanengsBranittewefdrmant
oxi dase_activity, a t ransf ormant , havi ng | euci ne

d
RISty EF 0feRBd & arftf ¥ Or A&t 82 SFehyF 0GERgsdehyidnAgerase and

fRefred eacae yam ek s £ gpanatione f transfor mant
havi n format e dehydrogenase activity is Reference

® 44:pSypdhsbh of Lrdiestior heneingviusgnd euci ne
rdehydeogenase d-Vity. .ae fg{gﬁge hydr ogenase
activity Re?epgﬁilen%x%n%ﬁgglg: repacr))é ﬁg%edf%eu‘:lne
dehardf ogenat ehavridgf o phenyl alednideo dehydrogertaseities
and _format e 20_dehydr ogenase_acti vity

A ALV B SHaAP e b oA RISA Dl OF r habPGRkine using

thesi it ria a1 BRvAGi¢ OXafase ardiyiby¥:1b8L26k ctSPect i Cana
exanples. of the present invention are 25 given
trATs O FBAB e P2 Y plevenne wadntdbpgesasest and nfeedate

"&éh§&%@&eﬁé§@p%%%i4£g¥gé (Exampl e 1) Isolation.anq

15

20

25

30

35

purification of Damno acid oxidase 30 Candi da
Rierftear evedé aEXBROOES 13 st Paepawas: iicrocof at ednsiftfrangn 1 having

f enilized nmedi um ucagse 1.65% NHAH2PO4 0.5%
SRR s YRR gSar T 198 - EIGE, o120 0.002% corn
Refferpeh cquUBkatpl% ©H brépheldlist&fi tkaalkifMnd M having

test, tube and aerobicall¥.cqltured wi t h shaki ng at
lspsing 9oh3ygrecenesg aftinid oulandefosmaticon was

[ LAt m of a sterilized medi um
delm%&@tgéfiﬂa!se %ctééﬁgg&

(sucrose 1.65% N
Reference Example 5: Preparation of transformant having

phenylalanine dehydrogenase activity, and formate
dehydrogenase activity

Reference Example 6: Preparation of transformant having
D~amino acid oxidase activity

[0126]

Specific examples of the present invention are
giveh below. However, the present invention ié not
limited to these examples.

[0127]

(Example 1) Isolation and purification of D-amino acid

oxidase

Candida.intermedia NBRCO761 strain was inoculated
into 6 ml of a sterilized medium (glucose 1.65%, NH H,PO,
0.5%, KH;PO4 0.25%, MgSO, 0.1%, FeCl3*6H,0 0.002%, corn
steep liquor 0.1%, pH 5.2 before sterilization) in test

tube and aerobically cultured with shaking at 30°C for 12

hr. 4 ml of this culture solution was inoculated into
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0.5% KH2POX4 0.25% MySO4 0. 1% FeCl3. 6H20 0. 002%

corn steep liquor 0.1% FAD 0.0005% D- al ani ne

0.089% pH 5.2 before sterilization, FAD and

D-al anine were separately s added after sterilization
40 fimlt odt bostw £l Az8d0hedinmf (stiekbsien 18 654, NH H,PO,
Sakaguchi flask and aerobically cultured with shaking

Ot 295 KHoFO0220 nE 3 0128i0 A 1%F - chRpllet 810 of - PRE%, corn

S M 8 qliber QRi|d, CeADS o .ich ot e Bapyestied QY. 089%, pH 5.2
centrifugation, suspended in 50 nM
brfeter pserydricamerny| FAM ronkt PaAdprniydr ot @r feparately

FEEP1 PRGBS, “hton bhe SAPPRLD) k! SBBEA T Tht £0.02 un

- fSilpeenat ant a resul $akggurhd chnsent batli er refb S@4 UL gt ed

i s. solution of 40-60% and the generated precipitate
Gibst U E fign Wasthai Tedk byJcermt A GgdiaonZ2 Thes fracti on
zggj ssolved in 50 mM Tris-hydrochloric acid buffer
?@3 .0), dialyzed in the sanme buffer, applied to
DEAE- ATeaPEAPp ireidfoact@if edhby cTddoir Corpocapribd@] faglls

r g y d wt S fter

AP Raf LS N e BRR L offRNEOl | RupRE AT PAT 5B
Toone éht i at{heri rgraghenh y 1) e b t Dafed -Myshthetloric acid
bg{t}ql?ri d?wgo C%IS)I ect . an acti V§3 fraction., Anmmoni um

&t e (Rés Bdti%so0l YEATHRYEM LBcEPIECEH RN diPto a |
dd: @k i eapeant r alnh Qfm 1sh raRd Lhes 2048 4t ¥e Mas
applied to Phenyl - TOYOPEAL (manufactured by Tosoh
G poratpom)y frorswwbtuia dhr eched @geaphyadidrelof edaturated

' Trjs-hwdrochloric ' fer ( 8 i.th
e e e ot oot 5% iRt ale' Vs
thed abetaThedadiy veefit adtfivara thols . alitiod nEdavadon was

,ub'eteg 30 to columm, chronmpat ography using 6 nl of
FESPREOL T fehFhet 6 IRaherRs thpREEST (pH
Bi ®f ech) a1qashedin W hh %Qm@%ﬂf%h%dé%gl'i%& Ct 8ChEAR-

buffer (pH 8.0), and eluted with the sane buffer with
TheCRBALernmaatY it yradi & Tooeh OCKEPO x84l Wt so8Pamcolumn

éﬂ#é%%??ggé%ijﬁﬁ%gghgé Qwﬁﬁ‘ et g%ep@5¥f§ ,mgﬁd eluted
g an 43 ultrafiltrati on nenbtane
Wfrmcthensamleedul &f e vewwdhtth the concentration gradient
from 0 M to 0.4 M sodium chloride to collect an active
fraction. Ammonium sulfate was dissolved in this active
fraction_to a final concentration of 1 M, and the
mixture Wés applied to fhenyluTOYOPEAL (manuféctured by
Tosoh Corporation) for column chromatography énd eluted
with 50 mM Tris-hydrochloric acid buffer (pH 8.0) with
the concentration gradient from 1 M to 0 M ammonium
sulfate. The active fraction thus obtained was subjected
to column chromatography using 6 ml of RESOURCE Q
(manufactured by Amersham Pharmacia Biotech), washed
with 50 mM Tris-hydrochloric acid buffer (pB 8.0), and
eluted with the same buffer with the concentration
gradient from 0 M to 0.4 M sodium chloride. The active

fraction thus obtained was concentrated using an
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10, 000), applied to Superdex 200 HR 10/ 30
(manufactured by Anmersham Pharnmaci a Bi otech) for gel
filtration by FPLC, and eluted with 50 mM
Tris-hydrochloric acid s buffer (pH 8.0) containing
udtrs i lsok vhrehmemd@nahéf raegulan mp becitke of macitdlon
al S d I phar es]
e S B, MRENEK AR HESEL B Be T e urea
bgi ﬂgﬂeersh&nni PhanhiariingBidhechur iftor afel helmuma“dm by

nz nme. 01291 |e 2) Properties of D-am no
&Cd & a%iu?ﬁs b’&&&e% Mo ritfe AT PFRyCBIGmaRL @
ba€ird roXigiase. opbtaimed A thExamle vl Wi eugXamiRgd &S. The

foIIows [ Specific activity] 15 The activity of the
rgsalﬁqtﬁd‘l%cﬁi@l éY?déﬁf@qmonnﬁa§uraé@hyZQ1®ahV| S@isrrg

Xi qugﬁ o he .r eact | on,
pgx? uglﬁn%|r peroxflgﬁase A& ogen perokl Qeamlno

aqmdhbﬁﬂdﬁbbywas é@@ﬁﬁi@@thedaa$1ﬁgﬂéOMEndZS&dﬂfIﬁmlng

chr onpge | ution, containing 50 20 niV
t%ﬁ%ﬁﬂé i%ﬁ e(ﬁ’”g‘b‘—iﬁ%\)?ﬂ iy i pyrine, 1.31 nM
Nhepbyl - N-(2- hydroxy- 3-sul fopropyl)-mtoluidine, 6

u/m " peroxi dase (nmanufactured by TOYOBO Inc.) and 50
ﬁﬁqamise %d?é@ﬁlem:@%c@ﬁ Bukfrdmq @¢ 8d 0pxwae s xed

with p rQpri-gtel d ot
sol ut| on %:cefgg mExttzlre I%l/\%]gitgégt ed%ﬁr@%ca?ld %Ildase
ohrrtraln(&:d;onptEaam@tle 855¢anewas arsasit esls aod Hohes .
%P mount . of h drogft%n peroxi de produced in the reaction

e SRS UEAEYi ed based on the anal ytical curve
pr epargd b&t&%weofThﬁeaWﬁlﬂé abhe nzyIRsLthahs
produced 1 nol of hydrogen peroxide in 30 1 m nute was
mgefiyiead day 1quant 1 i ngldhviseg oy et exinds produced in

tggaryégeﬁﬁo&%gt di DA A e Bﬁ@@}%fadadgelhggt gggfo@%ha(?asé% as

standard Speci
Hpdricfg egd p@ramd@ axasd oxadasd e iwas . Snuantshe) method as
prote| n (30C [01301 35 Moreover, the D-amno acid

foRil®ase atd |H”y PEr 2 FRTSBATRANAG ©RE rbper Epasagming 50
mh©187YeRy $HOWA iPR! OV W88 mM 4-aminoantipyrine, 1.31 mM

N-ethyl-N-(2-hydroxy=-3-sulfopropyl)-m~toluidine, 6 u/ml
peroxidase (manufactured by TOYOBO Inc.) and 50 mM Tris-
hydrochloric acid buffer (pH 8.0) was mixed with 50 ul
of an appropriately diluted enzyme solution, and the
mixture was reécted at 30°C fof'BO min. Absorptibn at
555 nm was measured, and the amount of hydrogen peroxide
produced in the reaction mixture was gqguantified based on
the analytical curve prepared in advance. The amount of
the enzyme that produced 1 pmol of hydrogen peroxide in
1 minute was defined as 1 unit. In additien, protein was
guantified according to a Bradford method using BSA as a
standard protein. The specific activity of the purified
D-aminc acid oxidase was 44.8 units/mg protein ({30°C).
[0130]

Moreover, the D-amino acid oxidase activity for
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nmeasured as follows. 250 | of a substrate solution
contai ning 100 mM DL- phenyl al ani ne and 50 mM Tri s-
hydrochl oric acid buffer (pH 8.0) was naintai ned at
30C s (each tenperature for determ ning the range of

egperiating thenpeogteurtel @andofhéheptammyme eabpewat Ured)ow was

for 5 mn, i xed with 50 R _ of an appropriately .
MEASARRE dhoyhB L 1EHI | G0 At PhelnP AT AkR PRALEASD
caht3G {epcho ot evpeTatphen Db 1detierdri Avags bham anges -of
operative io tenperature and the optinmal tenperature)

hyygr o hd e i g 02 cii dofo BN #4C1 (s Baddedva® madptetieed at 30°C

[ 0 ; ' [ .
S50l Theg, 20202 ok astlramOSE PRI operacive

tRrgEd tINe ¢ 2a hjditdvey -@t sSmal opeopEnatmte) ufdirne, min,
u/ m . peraoxi dase_is (manufactured by TOYOBO Inc.) and
e S -gﬁytﬁlo Gt cARRF AP Y pi 81653 il oHne
sWas RN} ahRgdthal W& hPE Rall RealBSedi xedaeth (2001
RL of the aforenentioned reaction m xture. Absorption
tempen ipre wAe rndle R i ning the &t of RPeragene

tReRY A8, 20 pradyerd A&mglr%@&ge%ﬁwéw%o\iﬂ% in. 10

quantified based on the analytical curve prepared in
nadwdncGN HOL13dhs pMebsireoeatoef tkm \araémei:iblai.ngTBelahe 500

substrate, the actjvity was 25 nmeasured at -
Ko aPitots SITPIPELCorRh F AP PoRETRAd } Hed Kir S0artle 4-

afmématdrmel ppr DnBhe 1wesl dem enrtneg.] -i-0 L hedrexult3-
shown in Fig. 2, the Kmvalue relative to D Phe was
SQERP Ty Ea@*iﬁ@sléut#ﬂathea.é g nser¥edagsn 1. 8)

(M A4l Se d 2pyt RONEG ZoREAN %S Shoys £he -

reci procal plot~“30 of the substrate concentration and
hyRgomridcht agisi sholwert fipHr 8ci0pr,ocehiphowasf raientained

I\t 32 Ra of t] t d
BoriONG Fempiorst O of 2 ST FehgeLbh REMUFpros Ehe

attemeerat th enadd rithe-topdh Nl x85 reempakaidifier Weheat 555 nm
exam ned. Fig. 3 shows the relative 45 activities at
Wagr MGFS Y erPer abgr D SwRCRRE &t ihydxogen peroxide

produced in the reaction mixture was quantified based on
the analytical curve prepared in advance.

[0131]

[Meagsurement of Km wvalue]

Using D-Phe as a substrate, the activity was
measured at various substrate concentrations and the Km
value relative to D-Phe was determined. From the results
shown in Fig. 2, the XKm value relative to D-Phe was
about 1.7 (not less than 1.6 and not more than 1.8) mM.
In Fig. 2, the horizontal axis shows the reciprocal plot
of the substrate concentration and the vertical axis
shows the reciprocal plot of the activity.

[0132]
[Range of reaction temperature and optimal temperature]

The range of reaction temperature and the cptimal

Lemperature were examined. Fig. 3 shows the relative
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30C is 100% The enzyne was highly active at | east
Wi thin the exam ned range of 20-60C, and the opti nal
tenperature was 40C-50C. 5 (0133] [Range of reaction
pH and optimal pH The range of reaction pH and the
agptli el 1 8 wer & a mixan$ nednpEirg t Wrshowbeneltdtd veactivity at
Gl ity , eac H val ue exan ned_using a potassi um
3E)bhg):s ﬁat]e(?iﬁf f eﬁhganizé’niené"ap%n]}‘éﬂg&yofa%ﬁvgoa?. eagt
whrtisthyei ec Blkeid i &8 HanBuf ber Forephe, phhbarge Fpthimdal
to 8.8, and a sodium carbonate buffer for the pH
LeaRRr dftuBesvwEs 1P - the activity at pH 8.0 as
189%3]The enzyme was active at least within the

exam ned range of pH 6-10.5, and the is optinmal pH was
[Ramoe 5of Feag4]igiTeppernture tsimehl | PHY] The

tenpe ur, bi ity _of .the z S nmeasured
barsrgd&gitﬁ tﬁewaeéigs%)%ug 2ac J‘lovl?t%)e/ﬁa¥g§r % ¥ ?‘r@ﬁi pSo were
eatareiacdd t enpeyat dr aHows 10e DhBives showiit @ Eitdedvsh pH
tt};{ﬁenz ne s stable at 40C or |ower. [0135] LB%gH

VST 1FXTTLRRE PF STALR | POV afas W it A8R N aftiey Lt SppnEor
e 3D Fesbdudls acld Viy 70k, t he BZy IR A1 ric acid
treatnment at 30C for 16 hr at each pHwth the

badifies tonat the O zande0of 7A Hpdot@ssi Bm phosphatedium

S h ange of 6.2t 2, .
RS BT, Yot aEBBr PE et sRn o & e G waen
thengeoivit§ ba S,8 ahdas $0disum qaidonet gmedaatuid@five at
was used for the pHrapge of 8.7 to 10.4. This enz

ne
Lfas Tt ohpERr abi &S es}faéﬁ’pgeﬁt rSR9E 28. Kl foide)>, and the
olEasr epeni;a@f gl egukar wei ght] The nol ecul ar wei ght

-~ was neasured in conparison 35 with the elution tine

bP184d standard protein by gel 46 filtration
[%ﬁrﬂi@fﬁ@ﬁ?@h%taarbdiffﬂ?? to be about 252, 000

The temperature stability of the enzyme was
measured based on the residual activity after a treatment
at each temperature for 10 min. BAs shown in Fig. 5, the
enzyme was stable at 40°C or lower.

[0135]
[pH stability]

The pH stability was examined. Fig. 6 shows the
residual activity of the enzyme after a treatment at 30°C
for 16 hr at each pH with the activity at pH 8.0 as 100%.
A potassium phosphate buffer was used for the pH range

of 6.2 to 8.1, a Tris-hydrochloric acid buffer was used

~for the pH range of 7.6 to 8.7, and a sodium carbonate

buffer was used for the pH range of 8.7 to 10.4. This
enzyme was comparatively stable at pH 7.8-8.7.
[0136]
[Measurement of molecular weight]
The molecular weight was measured in comparison

with the elution time of the standard protein by gel
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15

(not less than 230,000 and not nore than 280, 000). The
subunit nol ecul ar wei ght was neasured in conparison
with the nobility of the standard protein by SDS 5
pol yacryl am de el ectrophoresis and found to be about

£47 000 { et cheematingr Fohpoenshnd aond nbpebehalpout 252,000
(ﬁli%’tOQL(ass Eggnw %@Cégdo 'o%aﬁ’r?of)é £H§np{2i%§)§rbg}0) . The

i nvention a “héxameri ¢ structure consi's
siudpentii it aho Sabudiatrs .we { @8 7§ aiso n{eBudst ¢ dt énspeaifddidyl with

R e

opN§ B BN E UG d i dP8o 2EQH TN OPEERENEY e about
act|V|t?/ assay was changed to each substrate, and the
I%O

én AP actlpFist yhags HeallPedndramde moskowdarhet5,000) .
| §f1.ve: . ACLIMI : it b, th Lyit Phe

T o fapred PR B S R Gl LBl haa

heRapler 1¢ stbsictursd atowei subsiy atfe T1édativealswhtiuaies.
S/(;L%Bi]ve rate ,activity activity activity (s) ($)

E Phe 100.0 D-Thr 4.7 DL 93.8 Norvaline DL-2

[Bublsxt d20e 1sPe®ig iG 05, pm no-4- 17.2 Br-butyric acid

(3-0-DL D-Leu 96.7 D-Asp 0.0 17.6 Ala D-Met 100.5

D- G uTheo S EHer 9t 9 spepid g gy prEyshe purifbed. D-amino
Mal 27 N = L-.k . 6

B e Bo6 sy o ptabe e ok

ppeapilaglyrine bslch i Othe aforementioned enzyme activity

assay was changed to each substrate, and the enzyme
activity was measured. Table 1 shows the relative
activity values with the activity to D-Phe as 100%.

Table 1: Relative activity wvalues

[0i38]
[Table 1]
subst~ |relative | substrate - relative | substrate relative
rate activity activity activity
(%) (%) (%)

D-Phe 100.0 | D~Thr 4.7 P~ 93.8

Norvaline

_ DL-2-

D-Ala 129.1 | D-Arg 0.05 |amino-4- 17.2

Br-butyric

acid

-C1l-DL-
D-Leu 96.7 | D-Asp 0.0 P 17.6
tAla
D-Met © 100.5|D-Glu 0.0 |L-Phe 0.0
D-Pro 44.3 | D-Lys 0.0 |L-Ala 0.0
D-vVal 27.3 | D-p~F~Phe 167.2 |L~-Leu 0.0
D-Ile 16.6{D=-3,4- L-Met 0.0
dihydroxy- 5.7
D-Asn 5.8 |D-His 4.2 |0 , 0.0
. Norvaline

D-Gln 5.8 | DL-a- 194.7 |Gly 0.0
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D-Asn L- 5.8 DDHs 4.2 0.0 Norvaline D-dn 5.8 DL-(x
194.7 Ay 0.0 47 phenyl butyrici acid [0139]
(Exanpl e 3) Determ nation of internal am no acid

oxi dasé puri fi ed RPN ic reacted with
| ysyl endopept i dals#¢ish t he presence of 4{M urea. The

‘sequence of D-amino acid oxidase 5 The %}am’ no aci d}

resul ti ng poI ypepti de fragnent was purified by
ever ed- phase HPLC, and the internal am no acid
ce of the D-am no acid oxi dase was determned io

tmsaarhgpﬁevg O RRASE PE LY BhN oL AUNCEE a1 ERIAY acid
s@gmsenal DNRHWGSD rﬁ@bdr edigsigm an U trad ean

Mcro I I n Ki manuf actur e
Labort;;he%rl es, I?fg? :&orcﬁxrﬁ%%%%l g}lr& eddojb’%/ ’%’D%%}P%? 1 was
rcel.ﬂctwaingleandlydaq;liem@dsﬁegrtadhd&%toﬂxﬁltﬁer pirk ddhddiecf 4 M
same nmanner as_in Exanple 1. 014(;:] Thereafter, PCR
Wegd perfiyt ne@SHat ﬁ&gDI\EW]pYPﬁEFédeZ nFgneRE- was purified by
refieNce- hﬁtslenga | Eh B 13, ﬂ{\éﬂefﬁw%m%ms%wce
Li sting QID 4) desi gned based on a sit
siees mgous It 6htehé3-t@m0 Daamdw@m@isexwdaseieimmed

e Q DNA obt ai ned above as a tenpl ate.
80t BEPPOr RIT DY DoAY 0 SRt ERTEE: g DNA 25
boliymdr ase (manufactured by Takara Bio Inc.), 51 of

10 xp‘fx taq_buffer (manufactured by Takara Bio Inc.),
yampke odin I5od ahd ARl s Braidie amid] oplsaae qiene

aqueogs a:lrﬁrdnﬂ?é oRQL UDNANS; { L M ph R0 N @f s h Rk MR 1can
DNA, an
Microbial DNA Isolation Kit (manufactured by MO BIO

Laboratories, Inc.) from microbial cells obtained by
culturing Candida intermedia NBRCO0O761 strain in the same
manner as in Example 1.

[0141]

Thereafter, PCR was performed using DNA primers
(Primer-1: Sequence Listing SEQ ID NO: 3, and Primer-2:
Sequence Listing SEQ ID NO: 4) designed based on a site
homologous to the known D-amino acid oxidase sequence
with the chromosomal DNA obtained above as a template.
PCR was performed by adding 0.25 pl of Ex tag DNA
polymerase (manufactured by Takara Bio Inc.), 5'pl of 10
x Ex tag buffer (manufactured by Takara Bio Inc.), 4 ul
of each 2.5 mM dANTP sclution, and 1 pul each of agueous
primer solutions (20 puM) to 100 ng of template DNA, and
then deilonized water to give a reaction mixture in a
total amount of 50 pl; subjecting the mixture to 30
cycles of heat denaturation (94°C, 60 sec), annealing
(40°C, 60 sec) and elongation reaction (72°C, 60 sec);

and cooling the mixture to 4°C.
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then deioni zed water to give a reaction mxture in a

30 total anpbunt of 50 |; subjecting the m xture to 30
cycl es of heat denaturation (94C, 60 sec), annealing

L4OC, 60 sec) and el ongation reaction (72C, 60 sec);

pd4edol ing the mxture to 4C. 48 [01421 As a result,
about 15 fr agment a of. the desired

[}ani%é %c%%%§$%hs%gagﬁs%g%?%grégAtéﬁﬂg%Fn a?figlpart of
t@ene:)esr\ﬂsedbt)aiamﬁ?w.o &%ﬂd%k%&w&aﬁiﬁé% (F:léelefr(liécﬁwi?gas a
oper.atj on wa erformed, to obtain the fu ength o
H%%?%ﬁ%i?%ﬂege&ésquqﬁénegbove-nentioned parti al
EE?QB]DNA prinmers (Prinmer-3: Sequence Listing SEQ ID

r 5, and Prinmer-4: Sequence 10 Listing SEQ I D NO 6)
t owar dhereadiist detber éotlilorw bhg bhe nedridmal wgenpewdicgmed

t jze a on t he bas equences correspondi n
e e e T L MR R D R
abzrarEnehvensel PGR sl pgeher, TaINA Ust DfetrRe @ Im&EE S -
and, as a tenplate, a DNA obtained 1s_by digesting the
SEMSTSONRE SPRADBER nkd MQF| iSer 4R hPAIMPEsH ciF@rence

LenAAey Hing! kpand cye] | 2bRd W thhd Jdt PNAe l4igass: i HCRo £

was performed under the same conditions as above
thecanrihal opacanrzs i agntboepdrzedireased sat tthe BICe

44 r n_about, .1. bp DNA_fra nt
SEs P T Bl dind 8 Bl GPmeind B Ggna o
tebtraimel whdeanyd itfiedenAfner. dehefdrgd nPCRheabagerformed

uence of thi,s DNA fragnent, the base sequence was

S€ .
USE GNP RRE Rttt dRde &8qdert@RiatRe MR obtained

oRaldi fdst g8ge the datesfbasmbhe g | ohagensgawence Of with a
the D-am no acid oxidase gene including the sequence

ﬂﬁﬁﬁﬁi?@iopnﬁﬂﬁmﬂﬁnﬁi@GEﬁ eod my st dpiogder tdhewT § nDNA
l%%%\%e@.ce P Sﬁégggég‘?olr%é\g) uZde’%s q,d eselilrlmta 8Entd.q3:ions as
anmal ysi s of the 30 base seguence, the am no ac
abowasexgepe abisad Ndde annealing temperature was set to
57°C. '

[0144]

As a result, an about 1.5 kbp DNA fragment

 containing the gene outside the partial gene already

obtained was amplified. After determining the base
sequence of this DNA fragment, the base sequence was
combined with the base sequence of the above partial
gene to determine the full base sequence of the D-amino
acid oxidase gene including the sequence from the
initiation codon to the stop codon shown in Sequence
Listing SEQ ID NO: 7. As a result of the analysis of the
base sequence, the D-amino acid oxidase gene obtained
from the chromosomal DNA contained 2 exons and 1 intron.
[0145]

The following operation was performed to afford a
intronless D-amino acid oxidase gene. First, from the

microbial cells obtained by culturing Candida intermedia
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fromthe chronosonmal DNA contained 2 exons and 1

intron. [01451 The foll owi ng operation was perforned

to afford a intronless D amno acid oxi dase gene.

First, fromthe 35 mcrobial cells obtained by
NBREOUG Ingg Caathdani b neeina 1@ NBROOYS1ist Faemple the the

ASPIL B Ge 0 BEHD gl 008 o NS s

Ncppanthaz)e and. by Lisi.ng aﬂne BMAwmsi ienph@t RNA as template,
nentar strand DNA re ared using 5

| aT& AT PCRTRAR G ?DNAl) ?WHFEEF%&%“G

TJRK@BH)RNA Ush NGcRI KXY S( ANy ”%%15 ﬁeﬂuﬁﬂgﬁuk'a%tﬂd}_ged by
SEQ ID NO 8, and Prlner 6 Sequence Listing SEQ I

T EaRa)) - h&ﬁ#ﬁﬁapgéqaé@ceﬁrﬂmﬁrcﬁ t@@q¢3m¢a1hast@mq SEQ
ng ~C a am nao acid OX
aegg (§ﬂ| gdbﬁﬁ tﬁ% C vS&%’s ot f el g@ic
heniynes dNdgheane $mﬂwhi@ﬁpehb\NﬂbermhﬁaDN@art and C-
t her.ebet ween wa nplified by PCR using cDNA as a
EEEMpPg P%Er@%ytgl D 2R L AGnEMR hakf g2 e I6HEN Were
11 aadidng f¥RMBhEhews dvh qyﬁe@eoﬂlﬁééwlé@ow&}@ yifes
i ntronl ess was obt ai ne 1s [0146] PCR was carried out
NgadernchSaake E68MEdoNEe Ay, i FhemRih| thepebelalann was
é‘i%&tletc{‘at%%t%r{aﬁ%‘ﬂ{rggo Dﬁ%susaegc .r%lgt&emlhaqt&ﬁ?e Y952 pna

and e anneal erat ur s sef t

' f2@g@@h¢ﬂhétlmgst@wﬁdpmmdréhdhﬂdﬁfﬁhmbceﬂoamIﬂhiﬂé@uence

d bt d DNA f t
L B A et € ntDi FDEr il B A 48R0 Rty RREBLBF dine D

nglaci d oxi dase deternlned in Exanple 3 and that
the 25 obtained DNA fragnent was a gene coding for the
puri fPEB wamzyaRr bieExanpl andef otug] safExami@isjons as in

Egﬁﬁ%@éni nloge&%%p%@ﬁggﬁwﬁhg%mé¥ee %ﬁﬁ%ln DﬁN%nused
acl OXl1 dase gene 3 ragnent obt al ne
aBxanplempll avas dagediCechg and the annealing temperature
was set to 60°C,.
[0147]

It was confirmed that the deduced amino acid
sequence to be encoded by the obtained DNA fragment
contained the internal amino acid sequence of the D-

amino acid oxidase determined in Example 3 and that the

"obtained DNA fragment was a gene coding for the purified

enzyme of Example 1.
[0148]

{(Example 5) Preparation of recombinant plasmid

expressing D-amino aclid oxidase gene

The DNA fragment obtained in Example‘4 was digested
with the restriction enzymes Ndel and SacI. By ligating,
using a T4 DNA ligase, the DNA fragment with the vector
plasmid pUCNT (which can be produced by those of
ordinary skill in the art based on the description in

the specification of W0%4/03613) digested with the same
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- sterilized medium (16 of tryptone,

with the restriction enzymes Ndel and Sacl. By
ligating, wusing a T4 DNA |igase, the DNA fragnent
with the vector plasm d pUCNT (which can be produced
by those of ordinary skill in the art based on the
edesxzmépti QDAL O B5Swabheobpeadirfddathah ab \%ﬁlr@&ﬁﬂS):he

ested.with the same 50 en 03 was
S hEh O SRR ORAD! A% HO0 1 o0t PHEL CF Kihaet frmpe able
id Ekfrelsanthddesi gRedot aiey aﬂkﬁdake LS t DErge
D-am no acid oxidase gene in large anounts. s [0149]
FEaRpBe 6) Preparation of transformant using

Jgﬂ nant DNA contai ni ng D-am no aci d oxi dase gene
éy ng the plasm d pCDAOO3 obtained in Exanple 5

(itamphe GQnpetepdraelibs off HEsciwesfobmandolusHB§01 or
the Lo et ent cel I s, er e trans,f rmsd and

gene

extracgy nlﬂxﬂn@f t&@dlpara%i@rkladmob@ b 19F 2 26186, 130G FEmple 5
of a icillin,  messed up to wi th deionized water,

hpefompeteeti FRidsi of Ewpherichd aweohiidBg101 or

-%i %ff"é P AT Bt SBACoAIDS © T ERRm e ToRBy TP L2t e

dmﬂﬁgméﬁEDmMK®0(§ERM BByﬁﬂﬁﬁB ﬁogtamﬂygpsm extract, 10

recgnbl ant %gggb@ ni o%};ng@%rogoﬁno g OTFTEJ o%fggﬁgamllm,

Iﬁéggéaou@sa&to cplpwlmwemﬁmp?é@dwat@tro qapm?ob Before
yeast
e F adt 7% igrof @,@anlgm IiiTor vag, amchga%fter sterilization),

»@r_(’%k%b lin NESS fgrﬁ{&nttol-:]sc]hﬂi{%ﬁﬁ' %‘ﬁeg{dﬂgéaf t(g@ﬂ]—‘x003)

ore sterilization in was a
QEEBMeBPFﬂﬂﬁaim)ornJMQQBtLﬁEﬂA&ﬁa aQMﬁRMamPy10638)

cquFured wi t h shak*a (1;1 for 3 .ta . . .
Erabialrdcd I5°CRBr&Th: tvﬁ@ﬁ%d%? E‘ér‘?tlr”r?fu ‘?i Brafiaig acid
d}bﬁdﬁbbalglé%é Wi tgbealR@dim s syispended, in 0.1 M

Tr| drochloric acid buffer (pH 8.0), and disrupted

cation. 30 Thereafter, insoluble matter derived
fromtfH%rggEQQh%b transformant colony was inoculated

into 6 ml of a sterilized medium (16 g of tryptone, 10 g
of yeast extract, 5 g of sodium chloride, 100 mg of
ampicillin, messed up to 1 1 with deionized water, pH
7.0 before sterilization, ampicillin was added after
sterilization) in test tube, and aercbically cultured
with shaking at 37°C for 23 to 29 hr. Microbial cells
were harvested by centrifugation from the obtained
culture medium, suspended in 0.1 M Tris-hydrochloric
acid buffer (pH 8.0), and disrupted by sonication.
Thereafter, insocluble matter derived from the microbial
cells was removed by centrifugation to give D-aminc acid
oxidase enzyme soluticon from the transformant. The
activity of the D-amino acid oxidase was measured
according to the method described in Example 2 using

0.05 ml of the obtained enzyme solution. As a result,
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15

cells was renoved by centrifugation to give D am no
acid oxidase enzyne solution fromthe transformnt.
The activity of the D-am no acid oxi dase was neasured
according to the nethod described in Exanple 2 using

e (D osmaRcoRaivk obidkAedasitiyhil sovasi eenidsred.

#)I 51 the D-am no acid oxi dase activity was

(.I,OHI med. [0151] Moreover, the transformant

EscheMoctdaven} i thBl@kanpld¥O88) &scitdel ceilaabovd HB1O1
into 6.mM_of s a sterili.z d|um 16

' | at ed
ERATPEN: B oniir fhde hnle RS shaoch e ted SRt anp AL of
Lhwstdei 2360 rEn Oinappbchyl M.t rfHes8E , UR ot Q loﬂ- WehBt

dei oni zed water, pH 7.0 béfore sterlllzatlon

A aFTli A @aé’faoﬁ}é@ll‘amt ehlowdde i 7h0Pomy Gfn ameicillin,

Ay Lhen seroBL gl gkl S 1o borote

cro s wer e ted Tr
stﬂternbiaané@mulampecnﬁdinumwms caidedf adattdromtandlibhetion)

S%%gp ég?ﬁﬁﬁgiﬁﬁgﬁ?égge ui%%%&) 916 refiSplQ%hghaklng
attr W@rf@flt ZESCPHE” fhica 591 d 1 HBLO o Moﬁirv%%ed I\ﬁrom

deposi ted on Jul 0, 2006, under recelpt nunb
pi 1@’@’3@1(@%@ Wﬁ%n@@tﬂﬂ-@ﬁl |y dé%%EPfﬂ-ééF%tthpfﬂheand the

r | d V. 0 P%ﬂgs
I{}’Lréa%g er e?%%?gan&%]%tg%%g& onlq L}Jls’(;po tgi ?nl nder %Rjén
Mith Budepe&t. tTre@sy) fandutrke tbqar&IE@Eﬁr)lt. Escheri chi a
E?PH ]Jl\/[LOQ (pCDAO0O3) was deposited on July 10, 2006,
recei pt nunber FERM BP-10638 (a strain
domestrineald ¥an d€pesiangd pddie thenos gided deposi tig@DA003)
date of June 28, 2005, and transferred to an
Wat e} eRPpakgd cfébo%‘ilhfoﬂ\OZS Afer ‘tlﬁéeBud?cﬁf&JtP'q'r BHEPET
#iril ep Mblcanal d st LLuhe dofe AdVERGEG IUBIRILL G with the
ec

Cl ence an ogy, nt er nat

- Qrigaimsin Be;p@mntmqn(dateT@tﬂ(uhalyshB H|2g}dls‘h| andhome
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GRRPELFESR: £ o nin AEFA0n R bhoIGEPg y on under the

Budapest Treaty) and the transformant Escherichia coli
JM109 (pCDAQO03) was deposited on July 10, 2006, under
receipt number FERM BP-10638 (a strain domestically

deposited with the original deposition date of June 28,

2005, and transferred to an international deposition
under the Budapest Treaty) at the National Institute of
Advanced Industrial Science and Technology, the
International Patent Organism Depositary (1-1 Tsukuba-
shi Higashi i-chome, Ibaragi-ken, 305-8566).

[0153]

(Example 7) Synthesis of L-amino acid or 2-oxo acid by

resolution reaction using purified D-amino acid oxidase

A reaction was carried out at 30°C for 13 hr ﬁsing
25 pg of the D-amino acid oxidase purified in Example 1,

10 mg of DL-phenylalanine, 2 ul of catalase (Catazyme

25L, manufactured by Novozyme) and 1 ml of a 50 mM Tris-
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resol ution reaction using purified D-am no acid

oxi dase A reaction was carried out at 30C for 13 hr
using 25 gg of the D-amino acid oxidase purified in
Exanple 1, 10 ng of DL-phenyl al anine, 2 gl of
mailad:ralséoq:@a:t axyink 13sf 26k, (p@nuf at) ur ethéyebidrezynehe

1. m f, 50 mMM Trjs- 52, h d ff
e fh Miadidh e HRen At & e g i
ideded HO1ql dowrthoan (mOUEOSS . HCERA &@Inlttﬂloﬂ'ud;@t&on

1.5). The centrifugation _ supernatant was anal yzed by
ML PBLADEN AT air hoZ86i BY SIBHE FPLEUaRAIS ka0 acid.

r 0 gt f n ng
EORERR EREIUTE s, GapTeal o EohlER TR o Towing
D@kt } pnel-uemluayueGRSWNERR Gt u(#0h mftpH 1159 mm,
flow.rate: 0.9 m/mn ol u t enper at ur ' .
Ut PR e o P hEe 1T f e SIS L pRGHE PEF AR el T T00
e an, 9pt i GalowpUurd ty: of . BOGYEAR, MRS @Qﬁﬁﬁ%ﬁ¥éﬁb@rature 30°¢C,
reaction vyield of 47.5 nol % Furt her nor e,

dedEt HRRM 2hf a9 & uEeguido flomhwyhai@nmme having

- Ot@sei bam phespf 'ﬁ% CorbubhRE( RIA L O Lacgkaniftyile reagtlon

3/1,” and the rifugation supernatant was anal yze
mye}«IPL@ft 6715 quani i f yFeroheraoire:, fl0d54¢aThe odPin xture

R ELBRE RSPt 1 Ao e R 28 hngsnapee

pu £ ERNYbac tured/ Aye dagakaii 1Eesque) 1, ehuantthgdl 0 mM 20
pot assi um phosphate buffer (pH 2. O)/acet onitrile =
C@qtrlﬁpewtrlarb SUPYTRRLATYY, Y&oT i L EAsEr :hmrféPL%oto

fleteci Egnp 210, ri s a result, phenylpyruvic acid was
produced in a reaction yield of 44. 4 mol % [0155] 25

(Bx&p) e 8) Synthesis of L-anino acid by resol ution

N D- da
et i VI NEPO0R AP OB A9 oo R et <Lbr r BEpBRATRE o

fdlal owiaynad doy # 1bn of aoqwﬂwec@sﬁosmwlaemng (4.6 mm
Candi da 30 internedi a NBRCO761 strain cultured in the

S amV MaRnefpanufactured by Nacalai Tesque), eluent: 10 mM
potassium phosphate buffer (pH 2.0)/acetonitrile = 5/1,
flow rate: 1.0 ml/min, column temperature: 30°C,
detecticon: 210 nm. As a result, phenylpyruvic acid was
produced in a reaction yield of 44.4 mol%.

[0155]

(Example 8) Synthesis cf L-aminoc acid by resolution

reaction using strain having D-amino acid oxidase

activity

Microbial cells in an amount corresponding to that
found in 4 ml of a culture medium containing Candida
intermedia NBRCO0761 strain cultured in the same manner

as in Example 1 was harvested by centrifugation and

'suspended in 2 ml of a 50 mM Tris-hydrochloric acid

buffer (pH 8.0). The cells were physically disrupted by
glass beads and then subjected to centrifugation, and

the supernatant was recovered as a crude enzyme solution.
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as in Exanple 1 was harvested by centrifugation and

suspended in 2 mM of a 50 nM Tris-hydrochloric acid

buffer (pH 8.0). The cells were physically disrupted

by gl ass beads and then subjected to centrifugation,

Fanee3stihe swrergat nhedwas tr édoVvdP ¥l Beral ér bde veinyael 25 pl
lut Lo r 1.0 C jed. qut at oLl

b nePrse At SRR OB n IR AL 8l 3y 2 md e T

Fonyiledaninh ny. ©F PL- ofheayd Al a9é NneCa®alynd 31,

cat al as tazyme 25L, manufactured_ by Novozyne) and

H%H%PCEP&&%MW?EY@%yMH%q’iElaE’ifdabusf e (pRLs-

Wrdtochherieacd on BhrFeie (pMas thed dhbuted &OLdQl dixture

wi th an aqueous HC1O4 solution (pH 1.5), and the )

waeht FRedgatilor adipe? nhent Wwiddr amapgue@usy H§Pl@ solution

5 10 [ S..caLfi t t he

CohaTt Phfo “Aeeorr Bod T o Ly s e/ b E et IR

gphehytkababiynélHavi ng an optical -purity of 93. 7%e was
tained in a reaction yield of 54.5 nol % [0157] 15

3 e 9) Synthesis of L-amno acid or 2-oxo acid by

resol WHeoHPEAChhAN yeSisNGd ¢ apskei@Ntodiheunder the

transformant Escherichia coli HB101l (pCDAO003) FERM

B4 bB39% SoleARDTR ¢ B COROSFRIHERM BP-A9638Y¥ & Stdhfingla

IR AR ORI e, SR SRRFEY o SHETRE Bas

gdemineédgan en mercsuspeydedd mH. 34M6 mol%.
Ibi -hydrochloric acid buffer (pH 8.0). The obtai ned
icrobtal cells were disrupted by sonication and
Subjepl ed ot o BAIMEHE £ Ugabifon,- andito t Heiguper NaiEnd ¥8S8d by
recovered as a crude enzyne 25 sol ution. Each crude
t 5 n a1rs £ @ ARANS

DL'phqm@Eﬂfﬁ%@@ogﬁ%ﬁ%fﬂégﬁgiﬁgﬁﬁﬁl%6ﬁﬁr@B1@E'é CDA003)

Nor val i ne and O-chl oro-DL-al anine to synt hesi ze
(R sBBNdi0eg 1)- amt ndMA6i0d (@CERDXD) ad FERMEER] @636

heaangnéygt Bg%lm%ﬂ§a§éi N85 5ade’ e %Lrg%ly %%éaoilz?e% in

Example 6 was harvested from a culture medium from

centrifugation and suspended in 0.1 M Tris-hydrochloric
acid buffer (pH 8.0). The obtained microbial cells were
disrupted by sonication and subjected to centrifugation,
and the supernatant was recovered_as a crude - -enzyme
solution. Each crude enzyme solution was reacted with
each of DL-phenylalanine, DL-4-fluoro-phenylalanine, DL-

Norvaline and B-chloro-DL-alanine to synthesize the

.corresponding L-amino acid or 2-oxo acid. Examples of

each synthesis reaction are given below.
[o158]
{9-1) Synthesis of L-phenylalanine and phenylpyruvic
acid from DL-phenylalanine

Microbial cells in an amount corresponding to that
found in 10 ml of the culture medium containing the

transformant Escherichia coli HB101 (pCDAOO3) (FERM BP-
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(9-1) Synthesis of L-phenylal ani ne and phenyl pyruvic
acid from DL-phenylalanine Mcrobial cells in an
anount corresponding to that found in 10 m of the
cul ture nmedi um contai ning the 35 transformant
IEfchiey | kAvangola DHBIOIN ¢ p€DAGODx {dERM 8Pt 154 th0689§cribed
' 1L.NQ..aci d oxidase .activity described .
agﬁo\é{/@egwmgg%g%ssttgead g%,ycgﬁp %irflaf;uﬁﬁ%lng%nansusspl)lesr%ee%d?% in 1
nll of ©f10M1TMiE-Isydwdtehtblrdld cacd dohifker (H B.0). The

he . obtain cells were di srupted by sonication and 5
S Jé&?%d‘:?g%@er‘ﬁeﬁefl@h?FBﬁfceﬁgé’%u%‘é?hﬁﬁ?iﬁPwd

SROVEFEH 88 @Gl tUder @HZY MBSOl B0 L F22E65HRN RS
carried out at 30C for 18 hr using 100 | of the

st eddcrgde @rayde sokymeorso ot hgnof Plreaction was
henyl al ani ne I Cc | ase (Cat a 25L, i

Fiurad: Measiny 3FoRe | AnfiToms8 e B0 0 RETERE

citdyiocddl oc radacieth Dtiid es o (. pdi® D) . 1 Thegr ed@cDizen

m xture. was then diluted 50 fold with an aqueous

Pheronl 3brAtR6n A pH 105) cahad agrke centrrVBgaliSEn

n%@ﬁﬁfé@téﬁbd\/\@g/ mcy%_ﬁ ehy oA @ @5 quanbief . amworri s-

acid. 15 [0159] The HPLC analysis was carried out

hytach hersgmacicbridi i fens (@8 i ExanpPhe Teaddipn mixture
L | al ani havi i cal ity of .

“ores el TR e A5k Peai Bl Sl MY e ion

(Eut thed npr endt hdv o esatt oHFRQGadddnr €upasndickuited 490

fold with 10 nmM potassi um ,phosphate buffer

Wﬁﬁ%ﬁ%ﬁéa@@tg%ﬁénq%'QH%PE}%%M?W*QP 2enflri fugati on

fupergjat ant was anal yzed by HPLC to quantify 2-oxo

acid. The HPLC anal ysis was carried out under the

sane &osditldhsanglyaiBxait ecZrrisda ondsuindegsthe same

RIS, 39 SR PL0UeH s ) SUaae LoD Kbl P s
handi rpheay| pprtuviad mer dtfr e Do Pheaykakabbiaidled in a
r@;ﬁg&%g'yggﬁhsgg1§W_€”§3H%,C°@Q¥%‘g¥ﬁg eEot%ga%eaction
mixture was diluted 100 fold with 10 mM potassium
phosphate buffer (pH 2.0)/acetonitrile = 3/1, and the
centrifugation supernatant was analyzed by HPLC to
guantify 2-oxo acid. The HPLC analysis was carried out
under the same conditions as in Example 7. As a result,
phenylpyruvic acid was préduced in a reaction yield of
41.9 mol%.
[0160]
(9-2) Synthesis of L-phenylalanine and phenylpyruvic
acid from DL-phenylalanine

Microbial cells in an amount corresponding to that
found in 10 ml of the culture medium containing the
transformant Escherichia coli JM109 (pCDA003) (FERM BP-
10638) having a D-amino acid oxidase activity described

above was harvested by centrifugation and suspended in 1

ml of 0.1 M Tris-hydrochloric acid buffer (pH 8.0). The
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found in 10 M of the culture nedium containing the
transf ormant Escherichia coli JMLO9 (pCDA003) (FERM

BP- 10638) having a D-amino acid oxidase activity
descri bed above was harvested by centrifugation and
ohizpeneddcedls 31 @isQuptdls-wytrashhddat ke dand
DY LBHE, P, 32:9LR1 nod el scvpLeo sty ed

rasonication and” “subject ugat i on

rEwseipednakant avasde renavaked abuaichudeAenzud ion was

solution. A reaction was carried out at 30C for 19 hr

A Te B00H Lo &t HO “Ghtfet hels hér H&é%z%ﬂ%oP@t ith¢ aptained

_%%ﬁ@gnanugﬁénﬂdi @ﬁ 20! m gﬁﬁLﬁﬁg %%ﬁfgﬁﬁﬁe 2 pl

acture Novozy

: dﬁiéah§aae@hl&a&ﬁ%xm@ Béﬂﬁequﬂf@cnyredThyrﬂgmwzmme) and

' h
QRS 1ol hem UL, B0 AL LML 22, BRERS (v 0,01

Ebmef@atambmmmixumigzedsbyﬂéﬁiﬁibuqaanﬁmfwaﬂﬂrmlth an

aci d. [0169] The HPLC analéi was C ed out

AR QB Cd G dFOloE oy | arplre & AE | F@&ﬁ%l ugatlon
é-tipﬂ@ﬁﬂé“:ﬁh@mw%% i hyanqopsy Q@#L@uw hgu%tll%/%ﬂma acid.
obtained in a 15 reac¥|on yireld of 49 nol

Eoritédiel nore, the reaction nixture was dlluted 100

2”0y S0 G Y| PROLT5RE W f BRI, B¢ T B, ehe same

dﬂﬂﬁiﬂabaﬁtama&ﬂNE&ampdebW HPm@ta)r@mamtufma@hnnylalanine

acid. The HPLC _anal SIS Jied out under t he
Wik BBNEPLIGHS. daiF AT Bx Rl TP eRsVaS, eBFined in a

ﬂHE%WiQMFFWéldﬂaﬂ M@Smeﬂ%paf@%ﬁﬂhé&ﬁgﬁétlQﬁéﬂﬁéébﬁion
48 nmol % [0162] (9-3) Synthesis of

nixtergorssSpiiimuttednt A fiood Diigh 2§ mM potassium

-1{1{6‘&5@ EQe%ﬁeaP' gﬁﬁﬂ gc}a{é’é‘téé‘@:?t‘iﬁﬁ“ Qdufﬂi 2 n30Che

using crude enzyme so
qeepat Edgiat itdre sapernaaamer vass | anbXgrelde (®©-2LEr am
m crobial cells in unt. _correspondi ng to that

TRARG R Z0GHC ACife IBPCUARIG THal Gm Sofles TG tag out
dr@osf eheeRapfscherdehians as in Example 7. As a result,

phenylpyruvic acld was prepared in a reaction yield of
48 mols.
[0162]
(9~-3) Synthesis of L-4-fluoro-phenylalanine from DL-4-
fluoio—phenylalanine

A reaction was carried out at 30°C for 19 hr using
50 pl of a crude enzyme solution prepared in the same
manner as in Example (9-2) from microbial cells in an
amount corresponding to that found in 10 ml of the
culture medium containing the transformant Escherichia
coli JMi09 (pCDAO003) {(FERM BP-10638) having a D-amino
acid oxidase activity described above, 10 mg of DL-4-
fluoro-phenylalanine, 2 pl of catalase (Catazyme 251,
manufactured by Novozyme) and 0.95 ml of 0.1 M Tris-

hydrochloric acid buffer (pH 8.0). The reaction mixture
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coli JMLO9 (pCDA003) (FERM BP-10638) having a D am no

aci d oxi dase activity described above, 10 ng of DL-4-
fl uoro-phenyl al anine, 2 | of catal ase (Catazynme 25L,
manuf act ured by Novozyne) and 0.95 m of . 0.1 MTris 35
wayed ridedh odil ¢ vaeidd 100F f Epl@pHi&i0)an Theueerst HHL 04 solution
m. xtur 56 then djluted 100 fold with,an aqueous
Gl bt uePEn PRI 5 T4 TR CRWRT PG At o S
asiyiey nalapl; wes.c.anal yzed by HPLC. [0163] s The HPLC

2nal sis was carried out under the follow ng

833} ons. col um: CROWNPAK CR+(4.6 mm x 150 nm

manuf ﬁ’(ﬁteu?f’ét@ya?ékg%li)s' Wwldent raguedis REGdr the
solution (pH 1.5), flowrate: 0.5 m/mn, colum :
frednpew angr eon3GE, i ales ectpommn2] CROWFNABKaCRasiA 16 mm4x 150

10 fl uor @-phenyl al,ani ne. havi,ng optical purity
HovRE AL TBEH ok DS Ciddets AT 6l 48R cais Hihes
dh6d] on( 9pf) 1991 hesiswotralt-dNorvasb i me/And, column
2-oxovaleric acid fromDL-Norvaline 15 A reaction _was
tempeedtoue ra3036¢ fdsrtachionsi /g0 sony dfs aacrggelt, L-4-
NZYEE- SALULION S AP R vl N, SR cHBNBRI: @Sy 181 1003ee
Exanpl e (9-2) frommcrobial” cells in an “anoun
vooF relshandienl itro & hagtatoard ividddnpfoblt hel%ul ture
K@%%gﬂﬂcontaining the transformant Escherichia 20 col

_ pCDA003) (FERM BP-10638) having a D-amno acid
0+ dpseyaehieditsy siescribedaaldowe, ad@ pgoabovidlleric acid
Norvaline, 2 | of catal ase (Catazyne 25L, manufactured
15PNV ZYREV 3R ®. 95 M of 0.1 M Tris-hydrochloric

acid 4b ~=Ihe: reaction.m sqithen. .
o1 O B ol el t%a%fléﬁuégﬁsgf i &gE oL BN using
Holpt i ofi/ etdrantd enz Bkl scAnd idme peaprirkuyatn obhe same
super nat ant, anal yzed _ PLC t 0 ti-fy } DO .
e L Lo S0sr THaBrr ¢ (o <oat Pelilas SefThRade 20
dieusd toklrewpghddndi tbothatcofoima: iRevd asilof the

éﬁ%ﬁﬁgﬁ géagdghcontaining the transformant Escherichia
coli JM109 (pCDAOO3) (FERM BP-10638) having a D—amino
acid oxidase activity described above, 10 mg of DL-
Norvaline, 2 pl of catalase (Catazyme 25L, manufactured
by Novozyme}) and 0.95 ml of 0.1 M Tris-hydrochloric acid

buffer (pH 8.0). The reaction mixture was then diluted

10 fold with an agueous 2 mM CuS0, solution/methanol =

19/1, and the centrifugation supernatant was analyzed by
HEPLC to quantify amino acid. '
[0165]

The HPLC analysis was carried out under the
following conditions. columns: Develosil ODS-HG3 (4.6 mm
x 150 mm, manufactured by NOMURA CHEMICAL CO., LTD.) +
SUMICHIRAL OA-5000 (4.6 mm x 150 mm, manufactured by
Sumika Chemical Analysis Service, Ltd.), eluent: 2 mM
agqueous CuS804 solution/methancl = 19/1, flow rate: 0.7

ml/min, column temperature: 30°C, detection: 254 nm. As
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x 150 mm nmanufactured by NOMURA CHEM CAL CO., LTD.) +

SUM CHI RAL OA-5000 (4.6 mm x 150 mm nanuf actured by

Sum ka Chem cal Analysis Service, Ltd.), eluent: 2 nM

aqueous CuSO4 sol ution/nethanol = 19/1, flowrate: 0.7

a3sadyig n, Lelbaive ltiavpeharing: a30Qptdietatt Pomitdspihm 00%ee
u L- e [ p Jourity

B3 DAL gl LR RRC R A 005 g U

mmﬁﬂ%erﬁ@réhetner&edd&ﬂ@ﬁamummmnﬁ>uasedmmat@dmedfold

fold with 10 ot assi um phosphat e buffer H5
Wztd)/Ja%éﬁ%nppmsgwng/ahoaﬁw%e @#f&gat. on (P

2S 4P J&@@@ﬁl%il@na‘l yzed, by nBPEG d - Luent fﬁga%ﬁ_@i’?
aci The HPLC anal ysi$ was carried out under the

st g Vi BNt cUAG Bincisy zed|- I;mrn HEGOSNDS| qUBTES AR |12(x® acid.

B R SRR HbeERar Fburidy (st f1ing

cariyiacetoni toilluenrs J@tbﬂMOBt[onsmaﬁzaull Q4m6/ mnn,x 250 i,

colu ture: 30C, detection: 210 nm, As a
%ﬁct%?gao Val@Galat Ee\ﬁ/&éledrroo%ﬂc%%nFn 1§ mM potassium
W&t@nbﬁﬁf%ﬂ)f mB. B, U?"/%Q:e[t%ﬁﬁarllé £919)/1, flow

a

Synthesis of 0-chl oro-L-al anine from (3-chl or o- DL-
raltani nk. A médotingn ambunar tesgenatwte 3080f0F defpection:

2‘1% M. O%d é’frés‘&'i ef%‘(n%’e g? ;é&' P P &P 5§d 'r%c%\ﬂ:eed in

ame  nmanner as I'n romm¢cro |aI ceI
ai rtcanvéﬁsannumht@orm"esia@nal mglta that found in 10 ni
E cul ture nedi um cont ai ni ng the transformant
Qéﬁ? &li chia coli JML09 (pCDA003) (FERM BP- 10638)

fg&vg NGs nPﬁ@gh%oo@ﬂ?ﬁcQ%b%i% %Clta{ﬁ’iﬁé( 99%&1” loro-DL-

ove oro- DL-al ani ne, at al ase
a(l@tmfyrre 25L, manuf actured 25 by Novozyrre) and 0.95

" " kAT A B Bk s0 e B R using
5TV e UeDUS Gwﬁaéfﬁﬁzﬁm@néﬁﬂbhwﬁﬁ pré@éied &ﬁiﬁﬁ@ same
SGShe 4824100, Supe el g s analyeed by LS 100 an
a3 Uit Ccapaksloh dasg cabr 'tﬁ@tOLEoM@'eint he $saMbf the
éﬁgggééoggdlum containing the transformant Escherichia
coli JM109 (pCDAOO3) (FERM BPf10638) having a D-amino
aclid oxidase activity described above, 5 mg of B-chloro-
DL-alanine, 2 pl of catalase (Catazyme 25L, manufactured
by Novozyme}) and 0.95 ml of 0.1 M Tris-hydrochloric acid
buffer (pH 8.0). The reaction mixture was then diluted 5
fold with 2 mM agueous CuS0O, solution/methanocl = 19/1,
and the centrifugation supernatant was analyzed by HPLC
to guantify amino acid. The amino acid quantification by
HPLC analysls was carried out under the same conditions
as in Example (9-4). As a result, B—chloro—L—alaﬁine

having an optical purity of 99.2%ee was obtained in a

~reaction yield of 47.1 mol%.

[0167]

(Example 10) Synthesis of L-amino acid using
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as in Exanple (9-4). As a result, O-chloro-L-alanine
having an optical purity of 99.2%e was obtained in a
reaction yield of 47.1 nol% [0167] 35 (Exanple 10)
Synthesis of L-amino acid using 58 transformant The
tnearssformant Escherichia coli HBlOl ( pCDA003) (FERM

BP- 10639) 3 0638)

2 D a0 ‘AT ot HASE SCTUTY bhtacnad it 2 Bxaara00®)
(BB B hat ©e36¢d arrdbniteath qpbmmuﬂimd(EnRMyBP 10638

centrlfu ation, and each cell was suspende |n 0.
PRI G\AYr cATSPC: 35 BEE érse(ﬁﬁtsl‘bf Y TRE 665 e’uﬂ

HHGPNE a6 $ELES naerfe S saUBtesh L dH tE@seiirea @ndoy
then subjected to centrifugation to recover the io
osuparnatamt Las ra agydidea ehzgas lsolas |wspﬁeﬁiﬁ|¢eﬂﬁor% 1 gM
0 rog ase it
e POk SR BR8]0 8L Y phnea
rHiarmesst 1 tem&BawnﬁéudeSnaﬁt@mknyaﬁhtraéugMnann@mdand

us ed in 0.1 MTris-hydrochloric acid buff H
] OB S hBeBh g AP o7 o F P Tl 1@ CRr e It oy

é%beﬁﬂéi@ﬁ@nb%a@‘ﬂkﬁwg éﬁ@?m@U@dﬂﬂﬁﬂoho Furthermore, a
centrifugation to recover fhe supernatant as a crude

taRAEC ¥BRDE| bavingraobermag e dalfdrpaanaksyiarFavity
a g S t1yl

B G RLPor B LOIARReIIY ddafhinRy petow was

haotievs 1 ¢/cl bmbm(ﬁ avhl chreemedipmoducedeatcdifdigat ton and

t he nmet hod, descr bel o harveste fro each
BRI Ml b £ W SEL R SR
grgnsf armnd L ¥as nelds peneesh i 810k 1MsTriSre haﬁi@%@t@d be
acid buffer (pH 8.0). The mcrobial cells 25 were

witsrapeedch ioaniand i Bheangudllsj e @dtpocentrifugation to
SENSLf UgAL %l& { D syupernal é Q&Y mﬁee%’le&€9oﬁs

crude enzyne S ut'i ons. "Each cru e enzy sol ution was

-Muxnmt@rmnahtemﬁsfﬁrﬁhaphhmwuﬂguarpheﬁ&léﬁanmm@-

g shanine preft ot Soelan ne, B Noreli ne agd,
WRi®ine dehydrogenase activity, both of which were
produced according to the method described below, were
harvested from each culture medium by centrifugaticn and
each transformant was suspended in 0.1 M Tris-
hydrochloric acid buffer (pH 8.0). The microbial cells
were disrupted by sonication and'subjected to
centrifugation, and the supernatants were recovered as
crude enzyme solutions. Each crude enzyme solution was
reacted with each of DL-phenylalanine, DPL-4-fluocro-
phenylalanine, B-chloro-DL-alanine, DL-Norvaline and DL-
leucine, and the corresponding L-amino acids were
synthesized by a stereo inversion reaction.
[o168]

The culture medium cof a transformant having a
formate dehydrogenase activity was obtained as follows.

Escherichia coli HB101l (pFT002) (FERM BP-7673), which is

59



10

15

20

25

30

35

synt hesi zed by a stereo inversion reaction. [0168]

The culture nmediumof a transformant having a formate
dehydrogenase activity was obtained as follows. 35
Escherichia coli HB10l1 (pFT002) (FERM BP-7673), which
aiiﬁﬁhsi@rmastohmmﬁn@a&iﬁgrmaMawdﬂmwdehg@m@@@n@miivity,

activit s, i.nqcul at to 10 ,m o 188 d
Wﬁédﬁﬂﬁ%‘i%agadof“i Ypt oﬁg m@ &a Sy%%]é axtrac ecﬁ:‘s&ﬁ (16 g
oFf tsofbtshehl ar de.ofl fe8btWakemadi 75begf erfe sodium

sterilization) in 5 test tube_and cultured while ,
¥Re at 138CHovake By . PHEUr BfdroeRs eStgrddiltaftelon) in

£ eh;*r{ﬂkﬁé’”éﬁ' g Eé&”%%%ﬁ@hamgngt%mc for 24 hr.

al ani'ne dehydrogenase activity prepared
E‘axxdﬂr@tmgrEo ehewkt hod deddnuirbeatbritha Refagerc & Baghpemant

bel ow and a .c di um cont.ai ni.n
RATATEY oF BN T Aar b A e Sy Belivd sy prepared
sdd vdi¥gprepaited meesoadueg i Hde 1Rt Red edescrd begample 1
in Reference Exanple 2 Dbel ow were, both obtalned as
el Qbwand A2t CASTOF PreRE St HEY ICod t2 PReRY| 81 &fiafs formant

oge t
igfgls 0genase 3 | alh ¥aPboBnadANSl oL FRRY

hand éd
e dehydrogenase activity was 15 |nocula#2%r|nto
axcddrdd nof te s:traurheizhddwelelsmm(bl@d giof Retfiepsirore, Exgmple 2

of yeast xtract f so chlori
Q%ﬁ FF7%6§F%r E?%gl ?gtlonqilﬁgfesg Fugeéﬁﬁgyant
}fai}itrug eg phbk@l&h:?é&ﬂlﬂgeatie&%xfd)jeﬁéshr adtGkGly 20 a

(10-1) Synthesis of L-phenyl.alanine from DL-
tri’r?é’rﬁ/ aFaane MRS 4l ledaias Hehvdregrnase activity was

1%&@?99@8' NGdP 4 hgh mhound d nsdOr it s0kdt R SthhUr s g of
medi um of the transformant Escherichia coli HB101

ﬂ#ﬁﬁ#@@e) (LPERM BP- 16689) ehdvianf, 28 & pfaraivmi ghloride,
t ty.d b d | |
£ SRR L PSERENRY Bty Thecanal 5612 Lo

COFF oun

A tews e RdiduRof 14 henbkamnsf ariremgec haying4anr.
henyl al ani ne dehydrogenase activity described above,
Rd robial cells in an anmount corresponding to 30

et 1 f oy «ine sL0s b £of —bhe Ml 4 15 1 ARdiryBefpt be
phenylalanine

Microbial cells in an amount corresponding toc that
found in 10 ml of the culture medium of the transformant
Escherichia coli HB101 (pCDAOO03) (FERM BP-1063%) having
a D-amino acid oxidase activity described above,
microbial cells in an amount corresponding to that found
in 10 ml of the culture medium of the transformant
having a phenylalanine dehydrogenase activity described
above, and microbial cells in an amount corresponding to
that found in 10 ml of the culture medium of the
transformant having a formate dehydrogenase activity
described above were each harvested by centrifugation
and suspended in a 1 ml of 0.1 M Tris-hydrochleoric acid
buffer (pH 8.0). The cells were disrupted by sonication

and subjected to centrifugation. The supernatant was
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transformant having a formate dehydrogenase activity
descri bed above were each harvested by centrifugation
and suspended in a 1 m of 0.1 MTris-hydrochloric

acid buffer (pH 8.0). The cells were disrupted by
remm Bt €dnads aark wihj esepnet ¢ Clant tdhugaki sracthien was

AT ook Feaci(cn 4k ThabF B3 0 O BbCSFoPard @ the
i aign ®8 troaldecante piiet Boluabicai nedl Cr mde odEn e
sol utions, 10 - phenyl al anine, 2 R of

of DL
ey ba baptacaz beof | catpdmmeact &R BaZHEENAVOAYNe)

nfarhOE 08t O NABY NoPo FBmeS , @i gen ber pare, and 0P of
m of 0.1 MTris-hydrochloric acid buffer (pH 8.0). .
ammonibast formabe red was8bhad of | Ut €dM50 g h g rdchhoric

agueaus 1 lution H1.5 . d_t
ac?gln(f???tfjggtr P?)‘lﬁguéjpééﬁat gﬁ? Was catnla sz([eiéille:§71 P otlfl%n
djuand édlysamfrd oddith The afuwee i ICHoansofiutdtoron(ddy 1.5),
HPLC anal ysi s was carried out under the sane

arhdi R P o8Pt THE ERARPI VP Ra AR BsHRS, analyzed by HPLC

te RRGAYE 8E3NiAG M@Vi 8gqan TRR! beBInPUEELY ghat@Q%&ation by
was obtainéed in a reaction yield of 95.6 nol % o
HEdlGitanelysitsheranicearciani wntacimdersthel Zpung 1gopgylitions

t hesj f, L-phe ' ro - L.al.ani -
T CHOCr AT 1 1 hrbeng Loy Heap ey b Fs Thariaving an
dpauingla i nph@ irdy of £ t heoeukt waes et aimell tie a reaction
transformant =20 Escherichia coli JMLO9 (pCDAOO3 .

¥( 8P Po0S8 MRy | AGL ok 155 ho" B Gossigdnine acid.
q@tli—,\{j}y. descri bed above, microbial cells in an anount
corresponding to that found in 10 ml of the culture
et 2 B nithe s¥anef oknahenHaA agliaephaef &lani ne

pqleg}yg%lgggp%gﬂeﬁ activity described 25 above, and

mcr s in an amount corresponding to that
f ound Mirt Adb b 1 ot etllies cil tam eanmedintmoértdeponding to that

T NN Tl E
mihspspandedtd i asikt1gb Qochalodd T iseRydrsEeh 9688) having
acid 30 buffer (pH 8.0). The cells were disrupted by
asdhnreminenacid oxidase activity described above,
microbial cells in an amount corresponding to that found
in 10 ml of the culture medium of the transformant
having a phenylalanine dehydrogenase activity described
above, and microbial cells in an amount corresponding to’
that found in 10 ml of the culture medium of the
transformant having a formate dehydrogenase activity
described above were each harvested by centrifugation
and suspended in a 1 ml of 0.1 M Tris-hydrochloric acid
buffer (pH 8.0). The cells were disrupted by sonication
and subjected to centrifugation. The supernatant was
recovered as a crude enzyme solution. A reaction was
carried out at 30°C for 19 hr using 50 pl of each of the

obtained crude enzyme sclutions, 10 mg of DL-

phenylalanine, 2 pl of catalase (Catazyme 251,
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and subjected to centrifugati on. The supernatant was
recovered as a crude enzyne solution. A reaction was
carried out at 30C for 19 hr using 50 | of each of the
obt ai ned crude enzyme solutions, 10 ng of DL 35
mﬂm&@éatanedeb&INdﬁozpmaDas®(KEumgyuﬁ RBD", 610 mg of

a%ﬁﬂﬁ{fCturggﬁg%éaéﬁg%ygEQS O: 18:%qq k1§AQ;ls hy&gkéﬁlorlc

ati¢-bhydreehl @d @ . @cl drhef rela diibs. Alxtlke reactiosn
mixture was then diluted 100 fold with an agueous

dHidrued ol 00i &9 Py its) ans agieg QU %@h@plﬁﬁéﬁﬂlﬂé’ﬁl (pH 1.5),
PN teaht%sf@%?édﬁﬁdsﬁ WG a0 99@”% 8)1 @obg HPLC
acl HPL

aci d. am no quant Ficat i on by nal ysi
twasyecantiég mmlnnuhnlﬁhe %haeammnbta@nd gasnitdfication by

| e result, IaI nlng havi n diti
P Lot ireia, 1S 1000k RO b TRt FRo Pk TopdipLons
ad el pkafip 1ol P relatd vJeeé@ltthe H—%ﬂ’ﬁéﬂﬁléﬂhﬁ@n@iﬁhving an

(0171] (10-3) Synthesis of L-4-fluoro-phenylal anine
ohs Pl - BUTHtYordt phehyeal ddisne Rt 2 £aet ¢ wasreartien

P @t 3065f of, ]]199 Pélé("ﬁi t%5nt5x? b cahiachh Ao tQ@ld

crude enzynme sol utions o tra ormants as prepared
{o1Bxghpl e (10-2) above, 10 of DL- 4-phenyl al ani ne,

oty iy te%E Ca%af%f?t R BR Y LA Ty £rom DL=4-

farsmd e ﬁ@@j}éﬁhﬂdn@f 0.1 M'ﬁls hydrochl oric 20 acid
buf fer %pH 8.0). The reaction mxture was then

di | ut &d xeoctbPd Wirish car RicR@ o0y tHETOP B¢l ukdonl P phir using

5 e f i.0 n S lyzed
N i e bl e Lt
Uﬁﬁm$édrmamtau&ﬂwprhpasadennnﬁkamphs d8 G2 JBx@lppie, 10 mg
Cﬁi %% As_a 2 result, L-4-fluo E IaIaGEne hawng5

tfcRhe %]ti‘/nb’fleioé%‘é ‘6 Fé REE iYratazyme

rast s8R uyiedl b pfndeszynel)% rel B i Mg bE NDT,acem ang of
amno acid. (0172] 10 4) S nthesi s of L-Norvaline

- IR DREONG VA e 30 rvpeﬁébunkﬂ @kl Psli M & isundrochloric

£of § esperding i §Ndf . The reaction mixture was then
diluted 100 fold with an aqueous HC1l04 solution (pH 1.3),
and the centrifugation supernatant was analyzed by HPLC
to quantify amino acid. The HPLC analysis was carried
out under the same conditions as in Example (9-3). As a
result, L-4-fluoro-phenylalanine having an optical
purity of 100%ee was obtained in a reaction yield of 103
mol$ relative to the racemic amino acid. |
[0172]
(10-4) Synthesis of L-Norvaline from DL-Norvaline
Microbial cells in an amount corresponding to that
found in 10 ml of the culture medium of the transformant
Escherichia coli JM109 (pCDAOO3) (FERM BP-10638) having
a D-amino acid oxidése activity described above,
microbial cells in an amount corresponding to that found

in 10 ml of the cultﬁre medium of the transformant
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found in 10 M of the culture nmedi um of the

transformant Escherichia coli JML09 (pCDA003) (FERM

BP-10638) having a D-amino acid oxidase activity

descri bed above, mcrobial cells in an anpunt

teor tegpendieny itree tdel ydoogenase i activiatt yofdetsrer ibed above,

cu ture m of. 1 he, transformant 62 _havi | eu |n
rogena§%‘aé?%%|ty dgscrf%é%n%bgeéres é$é;%:og %hat

ﬂ:cﬁhxha iA dAm aibbwt €e&r espaididaignéqitthabf fmimdtmnwormant

m of the culture nediumof the transformant havin

h%vhageadéwaraofg%rﬁ%layaaﬂg\ﬁ%ﬁ%e@EFﬁHé&YaW%l%%e%bove
u?@f?% Eaaﬁe%taexdféyt&&%gl E%g?éfpﬁugaéléusa%@%é%eﬁdea in a

Tris-hydrochloric acid buffer
Thel cehfl @ \E.eﬁ‘fé %ttrmubyédowmmaacm @rm?fsmbj é@Hea 0)

rifu atl n u ernatant S _recover
'Itheude Tté-nzyrfegf 50 TQ— é{a&?njﬁc%a%oglararr} eds&lggect%d to

X FOfuiga t3 dif. Uﬂﬂﬂg é@@ekmﬁtdﬂﬁiﬁ@&arﬁedv©MEﬁéas a crude

-enzyme solution of Escherichia coli JMLO9 (pCDAO0O03

%ﬂ%FM@BPDﬂﬂiﬁﬁn 5@»#e%§EﬁQﬂ Wae ¢RBASELEr Markt %%v%ﬂ&lfor
f-ﬁ?“ﬁbﬁ%g defy di ﬁa ﬁe@%ﬁ5¥é£¥e3ngrh%% §%ﬂ§§£8rgﬁﬁhtlon
av de of

Ing a fornate rogenase activit
oL - Rerhalriigdid scdbi RUMéﬂ%atm%éo@dsat 5% Q5t10638) r 50
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d&hﬁdbwd@mﬁﬁdﬂa@tﬁﬁidybdﬁdﬂtm@Fkran&ﬁofﬁﬁnteﬁaﬁn@@ a

m xture was djluted 100 fold with 2_ mM aqueous SO .
%%?FSnﬂ?&wen‘aigl £Ctiie the 80 B6ni TgaNpaRaLine,

ingga@at anal déegmg»wpé&t Oma%%td{ r@@ | B9

aC| anal ysi' s carri éd out
Nevezyoedi-t il asg| nfENémalfe K@—M)mgAgfaamm@smwm formate

val LnRe Vi N n f W
Tt arnia i A r8ag, Aoredik il apebhitady SRR oo tER o
8 00§ heThacerd actadbdnomagitthrd Oda8] di(Llé-<) 19ymt hedds wdifth 2
L- 1 euci ne froanL-Ieucinenﬁ reaction carried_ out

oY 3GESPHS & hiOus] HyRt 30TV MGt RRRP LdE iﬁz/)lme et utP6n

A n Es¢herd=ahiéh CQupe%a%M&p@ wREDABEDy AdFEMY HPLC to
BP-10638), 25 | of  a crude enzyne

quantify amino acid. The HPLC analysis was carried out
under the same conditions as in Example (5-4). As a
result, L-Norvaline having an optical purity of 100%ee
was obtained in a reaction yield of 85.6 mol% relative
to the racemic amino acid.
[0173]
{10-5) Synthesis of L-leucine from DL-leucine

A reaction was carried out at 30°C for 6 hr using

30 pl of a crude enzyme solution of Escherichia coli

'JM109 (pCDAO03) (FERM BP-10638), 25 pl of a crude enzyme

solution of transformant having a leucine dehydrogenase

activity and 100 pul of a crude enzyme solution of a

transformant having a formate dehydrogenase activity,
which were prepared in 10-4 azbove, in combination with

50 mg of DL-leucine, 10 ul of catalase (Catazyme 25IL,
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solution of transformant having a | eucine

dehydrogenase activity and 100 pl of a crude enzyne
solution of a transfornmant having a formate

dehydr ogenase activity, which were prepared in 10-4
ey ¢t nr ednbiyn atd oz wine b, 39 .50 nggo@fmADeucﬂr@el gy of

of catalase Cataz 5L, acture
R T8 i Tbert165 Gt of ©abhoRRGHochloxie
acardaterasd Qp@ . of. OTH;eMrEracﬁ:imdrmhtaﬁslec wasi then
buf f er The reaction m xture was then

H 8.0).
s B8 Pt W MIELLEONHARSE o GnéhPedaqhion vas

"\%ﬁ?ﬁéétQQEEdfﬁtﬁtﬂJqFfﬁe dhe eI {0 | O0pernatant was

rnatant was analyzed by HPLC to quantify am no

- aad v z¢€018¢] HPTIfe tHPL@uanaliysi sanpwaso cackided out under

3geg4IﬁICWan condi tions. colum: SUM CH RAL OA-5000
io x 150 mm manufactured by Sum ka Chem ca

_Anal yghe HEIVi&Rallid.s ,wed ueatrlédmmum@srwsezl

solution/2- Propanol = 19/1, flow rate:

=G
) AL AF GRBBAAAI S 3080 Lo (3 BH CBER OB 000 (2.6 mn

.Jej?%tmm, ma%%%é&&@é&”%f%xﬁﬁk&%h@ﬂ&b@l Qﬂfnalﬂ geq

was obtained 15 in a reacfion yield of 103
Jeetatcoe Lodhhe elwente 2nmmid agieoup0TRSPs solutlon/2~

Ref P t f
ot RS v e s S BRI R g Sl L
t%aﬁpéw’éubedl 1) "CAMHIDE9- 8t bai:N 25 noCuat gdrertadt a L~

sterilized nedlun1(1 0% tryptone, O. 596§east extrac£

lARC DR 8040 88dinem Th| P T 463 LR v doF n 188iE6s Akys obtained
Vi@t§rreaE'E|1Zmo Peirgesst an3 '].Zadiél)%‘) redAq jaRs obh cahky
cultured wth™shaking at 30C for 48 hr. Mcrobia
weteninerai2® cotidcted fromthe obtained culture

zgﬂéﬂﬂL centrifugation, and a chronosonmal DNA was
d from the resulting cultivated m crobia

gaéferemcbhmwpw 1 rerhetha e DNAn poicmerr (Y foemant having

NO. 10 and, Priner-8: Sequence
PhiVAEYri ction enzynes

'hUeI %kafiﬁslbﬁhg%é(ﬁiﬁf1059 strain was inoculated into
a sterilized medium (1.0% tryptone, 0.5% yeast extract
and 0.5% sodiumlchloride, dissolved in deionized water,
pH 7.0 before sterilization), and aerobically cultured
with shaking at 30°C for 48 hr. Microbial cells were
collected from the obtained culture medium by
centrifugation, and a chromosomal DNA was obtaihed from
the resuliing cultivated microbial cells by the Marmur
method. A DNA primer (Primer-7: Sequence Listing SEQ ID
NO: 10 and Primer-8: Seguence Listing SEQ ID NO: 11)
wherein restriction enzymes Ndel and PstI linked to the
N-terminal part and the C-terminal part, respectively,
was designed based on the base sequence of the
phenylalanine dehydrogenase gene of Bacillus badius
IAM11059 strain known from Bisci. Biotechnol. Biochem.,

1995, Veol. 59, No. 10, page 1994, and PCR was performed
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N-term nal part and the C-term nal part, respectively,

was desi gned based on the base sequence of the

phenyl al ani ne dehydrogenase gene of Bacillus badi us

| AML1059 strain known from Bi sci. Biotechnol.

u@ﬂmﬁuﬁhe aﬁotﬁﬁﬁnﬂibne&9chN0dehm¢thN399$ aﬂtbﬁﬁIate
erformed 64 usin the af orenenti oned,chr 9fa|11 1
PEEPrIEE lfP TS aPer FEHSE | A5t A8

t%ﬁmgﬂméﬁtiBnE&amﬂﬁ%ﬁJeicebQ ke denthongdnbeliow g

except that the annealing tenperature was set to 50C

tiempden PCRe cwadi tsiednsto The°C 5inbthiendCONORAAGHoms . The

\Q@%“ﬁ@&dkﬁgf r ag%eﬂﬁggg%ggqgr %ng&%/asm {glg b&%{Fdf( Vﬁ

etaynxes pmdelmcachday]?dthbseanﬁ t@redlnmzk yfsaginlerutn a1 ‘aet:tor
ased, on the specification W94/ 036 i geste
e b U0 Byt "GRRobR SRIG ST LB hg RS Tha
dﬂdﬁﬁﬁ&fosﬁhlﬁ arpl@sdl dréesagnref d® te¥PE@eTification of
hen ani ne dehydrogenase in a |arge anount. By

W@% ¢ha) o@lﬂgaﬁw%m@,ﬁmt\m e ‘é@ﬁﬁ@le@ntw%%@l%lgated
chekrij,c c

utra f%r%dﬁkﬁ Cl(%Lec}bare ?éegillr%%ns %ﬁ?& a\%éﬂ%%ﬁé& ko
ephrenyd sl pheng lddhydimgedabgdacijgandye 1h0k76Jarge amount.

Ref er ence a Pre aratl n of. a,t{ransfor mant

Vit B9 5 ”%toaelré‘a%a Agse c"HWtfz}lﬁaé:ﬂnfR%tent cells
oPhaeeh 68 cNBRCIZML: stinabn ,Wahd noswbateat 210§ oware
sterilized medium C (1. O@btryptone 0. 5% yeast
t@ﬁn%\%@r@ﬁé BOSBERPR LM ERFOIGIRELS HP EBBRFeddHLNT 2

f.or i zation and

aer ?%ggfu cﬁ%b edg%gn%%sha%§£€{£béocfor)48 hr.
Usiivr] as a tenpl ate, the chronnsonal DNA obt ai ned by

kf&cl’ix@@t hngleufBlﬁfé)bdi@hyﬁQUg%rfarﬁn 4beiohta ned cul ture
medium by _ centrifugation, primer (Priner-9:
SequerB@acllLlls$| ﬁQhSE@JJWWB?n§3§ﬁd- ﬁﬁwnmas inoculated
enc LSt D esf gL
mgsgggr gﬁhed§qm§§9uh AMNQ1 13  BOBrwas: pes i 9emedast
extract and 0.5% sodium chloride, dissolved in deilonized

water, pH 7.0 before sterilization), and aerobically
cultured with shaking at 30°C for 48 hr. Using,; as a
template, the chromosomal DNA obtained by the Marmur
method {see J. Mol. Biol., 3, 208 (1961l)) from
cultivated microbial cells obtained by collecting
microbial cells from the obtained culture medium by
centrifugation, and a DNA primer (Primer-9: Sequence
Listing SEQ ID NO: 12 and Primer-10: Sequence Listing
SEQ ID NO: 13), PCR was performed. PCR was performed in
the same manner as in Example 11-1 to be mentioned below
except that the annealing temperature was set to 50°C in
the PCR conditions. The DNA amplified fragment obtained
by PCR was digested with restriction enzymes EcoRI and

SacI, and the DNA fragment and vector plasmid pUCT
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the sane manner as in Exanple 11-1 to be nenti oned
bel ow except that the annealing tenperature was set
to 50C in the PCR conditions. The DNA anplified
fragnent obtained by PCR was digested with
(34l i 0B cenay nEse BeORl Naled S5cSack, pHEHT hewlDNAh can be
fragnment and vector Plas 1,d pUCT 65 (plasm d vector
p

HHRAANBY| LHAE of T pRENFIAM cHothh B8 YRHodtced®pied on
tHOSE OE r OpRIiRA Vi SKiht LRl Edt baged omodhe03613) is
description in the specification of W94/03613) is_,
dsstroyed) dilgestterd Wwikht fdessamengpaysafeere ghigated
b .usin T ' e.to giyve L ' t
uesxlpunr s% ?éu@i@gﬁe %%éo&éngge.e [%ll%?gmési %%ﬁ?ﬁe@o
eofrine edl phasime dehhdrbgecarret ent cells of
Escher'chia coli HB101l, the conpetent cells to were

Padn’stlor med to prepare the transformant having a
|eUC'@%‘%ﬁ&ﬁmggﬁﬂﬁﬁ%Bﬂaiﬂé&yplgﬁﬁﬂanﬁﬁﬂﬁdthe competent
transformant was inoculated into 6 nl of nediumA
at ek $ | pEedsichamkehiabeolindi Bl bbi EBEI woonateel GedAs

AP DR d8rs 2l plplEroll o SRR M Raving o

loant £ h&ugathivaly, c ge phasmad tiasi ext r dett e dobsiarignead

Spin M ni Kit f d by O AGEN) .t
AL EP I 44 (L HBCRGAGE T o Kepr Be Bl Fo gl agmm A1 °
- debydiogenase, t+4017811p20 RanpbeobllaPregpasal tapeadf with

transformant having D-am no acid oxidase activity,
sind hbngcied detfydriogenasehact | Miicy obdradl acel bt yWeafe an
Vi yaesr rat | ahjd ity (d1-1)
T B b e e Y 1
oxh tlasEugaaticime depydsogehases andtracimtce using a QIAprep

dehydr ogenase activities PCR wa erf usj ng . DNA

1 el PH R AT | mé@&f@&%{? tgxg@r@% prEgcover a
F0As R inBeslidyin Seauene&pdd £ | 491 SEQ1NR NRh#8) ogetads: .

a tenplate, an expression so plasm d pCDAOO3 obt ai ned

ilP Ek@hpl e 6 designed to

(Example 11) Preparation of transformant having D-amino

acid oxidase activity, amino acid dehydrogenase activity

and activity of an enzyme having coenzyme-regenerating

ability

{(11-1) Preparation of transformant having D-amino acid

‘oxidase, leucine dehydrogeﬁase and formate dehydrogenase

activities

PCR was performed using DNA primers (Primer-11:
Sequence Listing SEQ ID NO: 14, and Primer-12: Sequence
Listing SEQ ID NO: 15) and as a template, an expression
plasmid pCDAOO03 obtained in Example 6 designed to
express a D-amino acid oxidase derived from Candida
intermedia NBRCO761 strain. PCR was performed by adding
0.25 pl of Pyrobest DNA polymerase (manufactured by
Takara Bio Inc.), 5 pl of 10xPyrobest Buffer II
{manufactured by Takara Bio Inc.}, 4 pl each of 2.5 mM
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express a D-am no acid oxi dase derived from Candi da

i ntermedi a NBRCO761 strain. PCR was perforned by
adding 0.25 | of Pyrobest DNA pol ynmerase

(manuf actured by Takara BioInc.), 51 of 10XPyrobest

&ﬁﬂ?eéolhti%n@ﬂﬁﬁ& tyredaby takaiguBbasl peimed dolutions
each of 2. 66 dNTP solutions and 2 | each of

sl 5P| H=é>r0 4 BT ohBe teomRt® BB, ngheF HhRP

deerph pL8dDNAL AN § hghvedgi QRizZed yRt 8 xt@r@ Vigh 3 total
reaction mxture in a total anmount of 50 I|;

amﬂumttoﬁgS@h&hn>amb9ecb12@ @hﬂemlmtuseh@m 25 cycles of

denat ur ati_on 96C anne lin )

R R phEr T Tl T6rCt 730 285 sedfh i em BRI (6T, 30
dde) nhxtuee oy 4G o 0249kt ithe (Ew?ca,npmfsed)f ragmsnioollng
obt ai ned by PCR was io digested with the restriction
b3 tRE® hdtBanHl . By ligating the DNA fragnent
Wty /A fragment prepared by digesting with these

enzynmes a plasm d pFTLB obtained in_ Reference Exanple
4 bel dle N2 hamplddsiaghelr agmerpr bsainedueyn8CR was

f d
SR oACR, A, | PLOBLE I OB, T SR . B
H@tinghahel DNFesi paguiend exiprtess ArBgawinio mceplared by
I Shen S oY) SBSHER e SBEL REF hgbtained in

bt & 88 eWEh i hEe 20 B@EB%t@Nh£E%|§soﬁe@$HE§dcﬁbaexpress
coli HB10l1l (manufactured by Takara Bio Inc.), the

| & ohplet éhe @@lh&dm@naﬁea@er@bepWQwase, using

a‘Dﬂ‘SBﬁh”ﬁqt Fseh {héﬁkﬂ%ﬂﬁmﬁﬁ BEHLBPA rPA%bAI shown

am no aci @ oxi daseé ogenase and
ifrorrhge ddnhkmgsmadesagw@dtnasexﬁﬁebﬁl&ﬂD{amlﬁ¢ acid
Prggaratl of , transformant having D-a
TIUBSE [EHT RS HeRaSEng P, Fafgate @ehydrogenase.
{ehwdipgenase activities By mixing both of a plasmd

PFTLB deS|gned to 3o express a |eucine dehydrogenase
and f&ygeexing the plasmid thus obtalned with the

competent cells of Escherichia coli HB101l {(manufactured

by Takara Bio Inc.), the competent cells were

transformed to prepare the transformant Escherichia colil

HB101 (pFTLBDA) having D-amino acid oxidase, leucine

‘dehydrogenase and formate dehydrogenase activities.

[o181]
(11-2) Preparation of transformant having D-aminc acid
oxidase, leucine dehydrogenase and formate dehydrogenase
activities

By mixing both of a plasmid pFTLB designed to

express a leucine dehydrogenase and formate

. dehydrogenase as obtained in Reference Example 4 below

and a plasmid pSTNDA designed to express a D-amino acid
oxidase as obtained in Reference Example 6 below with
the competent cells of Escherichia coli HB101l, the

competent cells were transformed to prepare the
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dehydr ogenase as obtained in Reference Exanple 4 bel ow
and a plasm d pSTNDA designed to express a D anm no
acid oxidase as obtained in Reference Exanple 6 bel ow
with the conpetent cells of Escherichia coli HB101,
tirn 8o emapet Exicloet 1 shiver eotlrians? bo red pFd HTFpareS TRBA)
67 transformant Escherichia colj HB101l gpngL DA nd
) DAYy AL WOLHERE roxi YASET S| EdipE odenase a
Mﬁ@gaeﬁ?e@&nigérrab;ei@qfwﬁ@genase activities.
0182] s (11-3) Preparation of transformant having
dfidb acid oxidase, phenyl al ani ne dehydr ogenase and

f.or e YIS .
(PP fp B cmsncoe seibdis PO RS RS uRts acia
NI dd e, apthePri et addne Seghartec géna ks windy BEE De NO

7 sing as a tenplate an expression plasm d pCDAOO3
d}é'z%‘gfﬁg 84 5% aé%gﬁ’ﬁ?'%lésdesi gned to express a

D- ani ne G &s oyt dase el iwedhf pam Ganidishas i Premerdiis :
NBRCO761 strain. PCR was performed in the same manner
SeanenErampisd img 1SEQhEPDNR ‘ankpbi f ped P3imedgneht Sequence
bt ai ned R s dhge ' h iciio :
B A O P e 8™ T *@ U nergression
plda ENADl pFaPl 0N 48 abtrdgreshtiprBpampd ebyd @k gegbedgto
with the enzyne, a plasm d _pFJIPB oht ai.ned, i Ref er enc
TERFPS 8 DoIDh SAd® Heli GHeRa B° eapreaeh bpm Candida
Phesyhaban nerelydi ogerase ancedoryat epdelfydnegenasethe
By m xing the plasm d obtained by the | ig,ase reactjon
MR MRanechpet eht B&RM® 16 Estheri ERpaPiS iemiBrpaled

P2 EAUPYIAN s £E4] ByWRke LI ADSHhERE o API, L PRe
Fans ormants, those that maintained a plasmd in
s thizs itde drapmaoPadild ofidaseDyBnEragmanisefaedliigated, -

th di t] th h l.al ani dehyd
R BoPniie DGy iPBgaade Wore SEPERAT ty SRAhBAc N
dhgeNANnseauencenef ehbemd asnpUasAS dd gESRB tobBained in

IEI asm d pFTPBDA as shown in Fig. 8 that_is designed
efexpress Bxamphe 3obsdiar ckidades e | &P afFREesSS 2

8§Q¥§ﬁ%@%ﬁﬁﬁéa@QhQﬁ&@@éiase and formate dehydrogenase.

By mixing the plasmid obtained by the ligase reaction
with the competent cells of Escherichia coli HB101l, the
competent cells were transformed. Among the
transformants, those that maintained a plasmid in which
the D-amino acid oxldase gene was inserted in the same
direction as the phenylalanine dehydrogenase and formate
dehydrogenase were selected by segquencing the DNA
sequence of the plasmid. As a result, a plasmid pFTPBDA
as shown in Fig. 8 that is designed to express D-amino
acid oxidase, phenylalanine dehydrogenase and formate
dehydrogenase was obtained..
[o183]

By mixing this plasmid pFTPBDA with the competent
cells of Escherichia coli HB10l, the competent cells

were transformed once again to prepare the transformant
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dehydr ogenase was obtained., [0183] By mxing this
plasm d pFTPBDA with the conpetent <cells of
Escherichia coli HB101l, the conpetent cells 3s were
transfornmed once again to prepare the transformant 68

- geegheri €hia eeollii HBIDA1 ( pETRPEBAA havaninB- arand raci @lcid

oxi dase, phenyl_al ani ne dehydr ogenase and formate
&%ﬂ&ﬁ%geﬂﬁ@@%%ﬂ%%4%?%sde%dﬁ§ﬂge%??ﬁlaﬁf PP i on

d@h df@?éﬁé&@ﬂ%dﬁ@@{@lgéanlnO acid oxidase,

ghenyl ani ne dehydrogenase and fornate dehydrogenase
otlisvilti es By mi xing both of a plasnid pFTPB desi gned

_PXpLe | api f I Qs

eyl o5 ERBaR “Sovaf S5 PRaRStARett B ang PUlfe! dei

dﬂﬂha@eplphmmyuﬁﬂaﬂwndede@yﬂtdge&aseeaadaﬂbnmame

acid_ oxidase obtajned,in Reference Exanple 6 bel ow

QQQ¥§¥%%en€§ﬁbé¥%%&v%EF?§ of Escherichia coli HB101,

the fmt; £8khS o¥ere H1anshar patri® PEgpgned he
15 transfor Escherichia coli HBIO1 (pFTPB, pSTNDA)
GKHW@QSDthmﬁi&&ﬁ@l@g|dg@gdqﬂg@gaaﬁaﬁpﬁeformate

{oTuerooERIsg, B9a|REoiR, BRI pagRTse ety S Brow and

aﬁ?IQSﬁédspmeUK)&eQMQhednﬂu éhprésanafmﬂamumoeachd
obtai ned in Exa Ref ere npl e .6 below d
e L O g i S T etat

c%m;{@téﬂt@élel; Andraehelticaldy ceukt wmad W téhe
shaking at 30C for 24 hr. zs [0186] Mcrobial cells

mmeGMQEm@sm€d1$cwwrﬁetMQﬂﬂ edukpupE aRaia bhe

e
Eggrof% ggrsi”gﬁ%g% %%f%goreﬁ]( ,@PEO%) I\(lell)n PdB I'sr %tTg B
HBWlﬁQﬂDC@MEﬂb dosdl vhlielawms t epsedgiliededh fromi¢hgdrogenase

b
Q%%:oeg%é1306§§IIgrggg%ag%pqxgglg¥tcentr|fugatlon

[o185]

(Example 12) Production of D-amino acid oxidase using

the

transformant

The transformants each cbtained in Example 11,
Reference Example 6 below and Example 6 were inoculated
into the sterile media shown in Table 2 and aerobically
cultured with shaking at 30°C for 24 hr.

[o186]

Microbial cells were harvested from the obtained
culture media by centrifugation, each suspended in 0.1 M
Tris-hydrochloric acid buffer (pH 8.0) and disrupted by
sonication. Insoluble matters derived from the microbial
cells were removed by centrifugation, thereby giving D-
amino acid oxidase enzyme solutions of these
transformants. Using these enzyme solutions thus
obtained, the D-amino acid oxidase activities were
measured, and the results are shown in Table 2.

[0187]
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am no acid oxi dase enzyne sol utions of these
transformants. Using these enzyne sol utions thus
obt ai ned, the D-amino acid oxidase activities were
nmeasured, and the results are shown in Table 2. 35
[0187I'e0 rideulesubhewshdvat hatompanpar ed tvih t hhehe

t f t E i chj li. HBLO AQ d
LS S ERRA t G IR BAR L RSP, oy Lh (REDA AT ghe
HEcdtDehaal ¢4 daseogeng sdiaed fhoant haveansh 0@ She D-

i nternedi a NBRCO761 strain, the transformants
aEsigier & €hida ogdida +B10en ep FPIEIRM D ahtoBs ERer iCe &l Al
0 LRETLRS RSTNDR) o Wl ch have {he,akacement] oned

am no aci d oxl dase gené, "a leuci ne dehydrogenase
Bariee randiborodtie WRhYUr dgeTassDgenendaBdcherichia coli

LRS! LRSS L FTEAET LSSl DIl COETERDA) 200 o-

- dben &f QrereRE 1QNEsk Dy BRI, NG ACd ¢k Pixé dase y@e e Pase gene

phenyl al ani ne dehydrogenase gene and formate

afehye sgeiias & efurkr ogRhibiet &k gherd DL ramsie Heaat s
E%%}.‘E'é‘??c;lﬁ%' VdothesaBigl( SPeia P NS A 0 8358611
activity he assay of D-amno acid oxidase activities
HEI@l ¢pFTiPed ATMDRDY dwhd dlo Hdree nehkod fdessmebeiloned D-

Exanple ,2. [0188 20 [Table 2 n. Transf o n
Nt Ora Bl o ST SEREy ok RILRY bELFPLAF (9jY(Fagenase
Jen&0hhaHBE M nak  PEEDAVA3L Akl deke, Celxh HBIOddAhi gher D-
1479 (pFTLBAD) 3 E. coli HB101 A 5225 (pFTPBAD) 4 E.
aplnpo HRCOY Rxiglpse activities.
(Assay of D~amino acid oxidase activity)

The assay of D-amino acid oxidase activities were

carried out according to the method described in Example
2.

[o1s8]
[Table 2]
Run Transformant Medium D-amino acid
(*1) cxidase activity
' (%) (*2)
E. coli HB101 '
1 (pCDAOO3) A 100
E. coli HR101
2 (pFTLBAD) A 1479
E. coli HB101 '
3 (pFTPBAD) A 5225
E. coli HRB101
4 (pSTNDA) B 100
E. coli HB101 ‘
> (pFTLB, pSTNDA) B 138
E. coli HB101
6 (pEFTPB, pSTNDA) : B 173
(*1}
medium 1.6% Tryptone, 1.0% yeast extract, 0.5%
A sodium chloride and 0.01% ampicillin

dissolved in deionized water, pH 7.0 before
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(pSTNDA) 5 E. coli HB101 B 138 (pFTLB, pSTNDA) 6 E.
coli HB101 B 173 (pFTPB, pSTNDA) (*1) nedium 1.6%
Tryptone, 1.0%yeast extract, 0.5% A sodium chloride
and 0.01% anpicillin dissol ved in deioni zed wat er, pH
7.0 bef o7eeT¥0igpdrian 2 banBA Chdpiti Y25 nadae daddde T
after sseerlilzatiterdniredi um 0. 01% Chl or anpheni col was

ﬁgg_ei@n{f%n@ﬂ%umo&m@ﬁéﬁ&c%tleualé 28408 Y8l wRXiuh A
guns 1-3 arg.relative en (*2) the D-am no

acid oxig Ct"”r{ﬁl ; ;%nar o 6100 ¥aI yes Jdk F%(#]ﬁ‘én
g*? are {e EI v% / 1€ gl

Pvity-B® RuATAR] ¢ ﬁb@ Fffi'éi@] (Fx ﬁﬁFE 1
Synt hesi 55 of C0- Nor val i ne usi ng transformant havin
D- am no %eldesxildading eficfnardeiplkdheHgs¥adies when
f or mat e tedydregemascaatdi vixtidesseA achnsfitynwrft Run 4
Escherichsaléel i HB101 (pFTLBDA) having D-am no acid
oxi dase, | euci ne dehydrogenase and formate
dehydr ogenase activities as obtained in Exanple 11-1

" \ag sbcul ated into sterilized medl umA (1.6%io0

H&ﬁim@ stemﬂnduﬁ¢ﬂ@ oﬁﬁma3d|IIEMasnadm%ﬁyﬁﬁd@enase and

sterlllzatlon and then aerobjcallTy cultured with
b8 dehygrgggnagenactivdrtob®a] cells were is

har veg{ e&msfs%ahftugagw@riaﬁmat he 1cul gl g1 MAFUMBDA)
thus obtained, and suspended in deionized water such

hatainghe- aoémee e it ok idasreeof lemalidebdetydndgennge and

fgkégge dehydrogenase activities as obtained in Example
11-1 was inoculated into sterilized medium A (1l.6%
tryptone, 1.0% yeast extract, 0.5% sodium chloride,
0.01% ampicillin, dissocolved in deionized water, pH 7.0
before sterilization, ampicillin was added after
sterilization) and then aercbically cultﬁred with
shaking at 33°C for 48 hr. Microbial cells were
harvested by centfifugation from the culture medium thus
obtained, and suspended in deionized water such that the
concentration thereof would be 10-fold that in the
culture medium. To 100 mg of racemic Norvaline were
added the microbial cell suspension having 13 u of D-
amino acid oxlidase activity, 2 pl of catalase (Catazyme

25L, manufactured by Novozyme), 2 pl of Triton X-100,

0.59 mg of NAD and 43 mg of ammonium formate.
Furthermore, the pH was adjusted to 8.0 with a 5M
agueous ammonia solution, and deionized water was added
such that the reaction mixture thus prepared would have

a volume of 2 ml. The reaction mixture was placed in a

‘test tube and shaken at 30°C, and reacted for 8 hr while

controlling the mixture at 8.0 with 2N sulfuric acid.
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culture nmedium To 100 ng of racem c Norvaline were

added the m crobial cell suspension having 13 u of D

20 amino acid oxidase activity, 2 | of catal ase

(Catazyne 25L, manufactured by Novozyne), 2 | of

THd tphe Xd180d DHHlcay phriAl antl éide ngrobuaeritMorvaline
formate. . Furthernore, the pH was adjusted tQ 8.0 with

WEL ABRLEEES Aot & sBRGECHNARTR UeRBhCz &P RpftetogTaphy
was.@ddedh £5; syehuhihat ]ﬁhﬁof:%@qtl'n%n %%ﬁ#@eahh%tlcal
prepared woul d have 'a volune of . Thé reaction
PRI LY eofiad Ofitgedian abtedsed ube andegﬁém arigdg, of

ol TR R b e hokatert )i ol @ and optical

forligg] of the produced L-Norvaline were analyzed by
hi gh perforrmnce |I(ﬂUI d chrormt ography (HPLO As.a

resul P8 -B&FYaF PnEREFchg lé%topﬂpcglonmﬁlf%?" f "3 dvee
MBS OP4 8l Had E'x"éan?pi@a@t b9R e s of ir 9Bi3% rel ative

to the racennte. The results showed that, in

uﬁﬁnﬁﬁosmnnw1havxnmpararameﬂguﬂ¢ﬂ@ ngdaaekﬁﬁbMNnhy and
f h QXi e

VW%IVI foEﬁ %%(ﬁg§{%ﬂsigh%g %ﬁ%&?ngﬁés Qﬁ& formate

y an ornan ucli ne

- dighydir ogenase aml:i@iimte@ a&@mnhr@@enasm@m ingdeceSvity was
~are, used, a_ high reactivity was . exhjbit thoﬁS

ed?kélr%’p’f?ﬂgwtlﬁ@%’%r bF GPPEHNS ERyPRECHRA I
@mmhtaﬁa§bSQQl&thﬁ%%%SHlR%ef%héoogumﬁédﬁﬁﬁﬁ5@ﬂﬂs000

manuf actured by Sum ka Chem cal Analysis 1s Service,
4 e = AbBmme Ehﬁ@@faQhNK&GhéﬁﬂsS@ﬁpgérC@mm%ﬁaﬂ Analysis

S RS0l LTI REAE LD T e

dol)uSyot Heeithanfol -+ ebb/Bbeudiley usatig: 20 ntlr/amst pr g@Atimn
havi ng D-am ng aci d oxi dase, |euci ne dehydrogenase and
tf%ﬁ‘ﬁ’r%%%tHéﬁydr%)ggnaéte%%‘FF%Ppl ‘e 4R obi al cells were
aruesg ed by centrifugation froma culture nedium
containing a transformant Escherichia coli HB101

(fpEmBba) 14l Syethepishefsdmtert-leucine using

transformant having D-amino acid oxidase, leucine

' dehydrogenase and formate dehydrogenase activities

Microbial cells were harvested by centrifugation
from a culture medium containing a transformant
Escherichia coli HB101 (pFTLBDA) cultured in the same
manner as in Example 13 and suspended in deionized water
such that the cell concentration would be 10~-fold that
in the culture medium to give a microbial cell
suspension. A part of the suspension was sonicated to
disrupt the microbial cells to give a crude enzyme
solution.

[o192]

To 50 mg of racemic tert-leucine were added the
aforementioned microbial cell suspension having 20 u of
D-aminoc acid oxidase activity, 5 pl of catalase

(Catazyme 25L, manufactured by Novozyme), 0.79 mg of NAD
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25 manner as in Exanple 13 and suspended in deionized
water such that the cell concentration would be

10-fold that in the culture nediumto give a

m crobial cell suspension. A part of the suspension

ARs %%nmaapéd FPNORYL By SO TR 9 criohr ahesBPES t S hyp ViR was

éﬁfﬁé@@deﬁéy%ﬁdﬂ%fehué'%& (ﬁﬁ?@%e %ﬁ&ﬁlé“%éﬁuElon, and

racemc tert-leucine were a orenentione
dei igrmobz afl w@ﬂennm@ensddﬁdunuam 2Wat ¢he Reiinboachmdxture

dase act of catal ( zy 5L .
e e e AR ar by awha gags, %0 FlThe cp ENAD IS TP Topaction
MEkﬂﬁrénﬁﬁﬁlgmgéE@Hiﬁ aFydNerypr e, ahhe SHEAWMAS at 30°C, and
adjusted to 0 wth a 5M aqueous ammoni a sol uti on,

TERF LR bAFZ IR ViE VP hAS SRIdd SLkhnghihe Ml ¥loasei af 8-0
JIH WE shhysireraced. Wo@flhg gq\égcﬁ é&?&u t‘if ﬁerﬂ%dlty of

The reaction s m xt Ure was in a t a

TﬁhaHEnOQHCB@CL1ﬂﬁktféaubamé(Neﬁ@ anaWMdaﬁ by a method

oont ol 1] h nixt re a ith 2N sulfuri_c .acid.
CLRE) BB Sl By ek Fosty T fSLe:

]Jedce:tﬁe| BHOILARy Wai eophakyzed iy gy neEhed ossddridas bBtained
that in Exanple 3. As a result, L-tert io |leucine

o ngeAR TP oahe b pEy 96 3fooveka hE eobtcaitiel TrRemate.
ggt Pn yield of 93.3%relative to the racenate.

gg? 31 In addition, when the above-nentioned crude

enzynén:ﬁﬁdﬁt@nnwayhﬁnuth@sabadeemddmnmmedobmmde enzyme

suspension in_the sa mount, L-tert i ne
%avlf%%gg%nwg%pﬁscea PUF F?do r%’oﬂ?%/@r&lﬁégb&ﬁ]al%%ﬁfl n a
gweasdhOhonyiiel i 93m3%mkhait Vertvethe 11ALeImd ehafsng an
can, be, understood fromthese results, the use of
Ut GF LpPBd 1 tH Qlobb At 2868 ¥y i bdiARdcdn a reaction

SUSPENSE0B) | @Wmeét;eer %%ctthét%%gg%a%red Wd e,

use of a crude enzyne sol ution Conparatlve
qa@m©$bomﬁ Symrheshssef rieshidrosl | nieeusbrg of undisrupted

fé%gbgrﬂacel av'ﬂglgﬁgghaq ackﬁloéﬁggg%sﬁgﬁ{VItthngs
reactivity compared with the use of a crude enzyme
solution.

[0194]

(Comparative Example 1) Synthesis of L-Norvaline using

transformant having D-amino acid oxidase activity and

transformant having leucine dehydrogenase and formate

dehydrogenase activities

A transformant Escherichia coli HB101 {pCDAGO3)
(FERM BP-10639) having a D-amino acid oxidase activity,
which was obtained in Example 6, was inoculated into
sterilized medium A, and aerobically cultured with
shaking at 37°C for 30 hr. Microbial cells were
harvested from the obtained culture medium by
centrifugation, and suspended in deionized water such
that the concentration of the microbial cells would be

10-fold that in the culture medium. A part of the
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25 transformant having | euci ne dehydrogenase and

formate dehydrogenase activities A transfornant
Escherichia coli HB101 (pCDA003) (FERM BP-10639)

having a D-am no acid oxidase activity, which was

salped metloh nwExanpirel 6at @dstonddidmaipd theom3@robial cells

sterlllzed medi um A, and aerohi cal | ul. tured wth
G A CITET G BENRr SOFCHSH! AFOREFIEIRG & amine acid

araesd ed 15 oguthe ioh ai pedrsHkirendredi Usth¥richia coli
centrifugatlon and suspended i n deionized water such
HEAL t heEEBRCeMa et ona of cliFd NA GFOBY AF CO8INES S\ ot BatY

a%%i 10- f8£ﬂatt|%atdéﬂgéP§%8H5%%r %% up ﬁgq:%thc?{)ab% gﬁrepared

suspensi on was -soni cate
boeltlise metgbdeshmwmdeneﬁafmeenthEmampd@t&|ﬂqwbe

D-anm no ac oxi dase. .In a d n,, t ransf or mant
SRR Bo”  FER0 LTI SHadi s Febetngsd mediun A,
aQﬁJ‘VQéPSBEQ%Ql%FtéNlEMrédaMt% f&ﬁ&'ﬁﬁ.ﬁgd%@@?@ﬁrﬂﬁe 48 hr.
activity, which was prepared by the nméthod shown

me?rmleh@é Eﬁérhﬂ evare ohB&Evesdmd ohambeRGw Rt ned "culture
d
e?&gﬁﬁéﬁiékiéﬁ %ﬁg%%ﬁ%épenﬁ@é‘%ﬂTﬁéféﬁiXed

ure mnth M cr obi al
w&ﬂés mechltha@stmd tooretlte bt an ned Ellet uriect@bial cells

ned] nmby e at nd susp nded _i n,.dei oni

"(/@i‘loue‘#[l CE gh n&\eq’n{%lhﬁﬁlh glflrfehglergl oD z%epart of
ﬂK&'§us$@H%@dﬁ3ﬂé%beﬁlbﬁ%bdftéhﬁléﬁbbwr&Hﬁﬁhﬂﬁroﬁlal
part of the suspension was sonicated to disrupt, the

drkkoblal 9igE 13 ¢PUgRyENE YEFURRC EREFAB SO bRLINT 2
deq]qéfﬁa' B9 alsoéfgffgg]@ %gehxsdrp& ase e%cﬂwﬁ&g@ease

ydrogena 50 ng racem ¢ Norvaline
Jerie stdded the microbial cell suspension of the

af orenenti one cheri chi CO|I HB101 3

the shib ol o o9 aRara e (yere adl2k he
o ©F §BERNI Qﬂﬂdl Esebpehehica cof i tBlaEo (gt B)onadt he
sanme anount as in Exanple 13, 1 | of catalase

Reakazyreizs CF_OlhnHBﬁ-Qét UrSPAR0 Rbvé 7y ) D2RD aRgupt as
glﬁ%v\ggﬂgé@ M Oftﬂmg' rﬁ&{@%ﬁed':lﬂ’.r S PERi s EBE1 HBl1O1

justed to 8 5M aqueous anmmoni a
(pFTLB) in the same amount as in Example 13, 1 pl of

catalase (Catazyme 25 L, manufactured by Novozyme), 0.30
mg of NAD and 16 mg of ammeonium formate. Furthermore,
the pH was adjusted to 8.0 with a 5M agquecus ammonia
solution, and deionized water was added such that the
reaction mixture thus prepared would have a volume of 1
ml. The reaction mixture was placed in a test tube and
shaken at 30°C, and reacted for 9 hr while controlling
the mixture at 8.0 with 2N sulfuric acid. The yield and
optical purity of the produced L-Norvaline were analyzed
by a method similar to that in Example 3. As a result,
L- Norvaline having an optical purity of 47.9%ee was
obtained in a reaction yield of 78.3% relative to the
racemate.

[0196]
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25 solution, and deionized water was added such that

the reaction mxture thus prepared woul d have a

volunme of 1 m. The reaction mxture was placed in a

test tube and shaken at 30C, and reacted for 9 hr

whi | e leordSiFiLAg, thenr &t areidarg eafthorNvwasl gy formed
i [ ti.C [ e

1%%’\:%% § ?n)éa\%&egeﬁg%%ﬁyzeg ?%Qﬁ%t %}407[ SI mf%eo %Hﬁhantead

dﬁ1Ekenpheﬁbbﬂaiacebiubuspdnsrbnvaﬁleedhmmrqpaﬁormant,

opt.i cal ur ity of. 47. 9% e was btaln d i reaction
PG s S Y 98" bs e L i snEre 1o {86850,
dot addeti am, avhesa at sbAi Iyarelrdea@fl 90 .8as Rer{oifedto the
usi ng the sanme anount of crude enzyne sol ution

L5{s28ale - of Thﬁ@%r&%bl‘laﬁ é@ldllcﬁfséb Bapnuge edchindisrupted
I a t j .
O e LT A e hliR PR B POnfB O R Bt phY using &
reint Fvemkott HeavimgeanbDe anfheseacedulotksi dawh cateivhaty and
Use of Endlsr ted m crohi al cella hn t he roductlﬁ "
S P TERGFOAMATE TGRS ot r&tsd bE fafe by, %Fgép%aﬁaﬁ{: gVity

satd da OXbaasa AClé Ny HYoaBda s t4ansherRarte Navi §8sathe
| euci ne dehydrogenase activity io and a formate

TRy ¥déNase activity decreases the reactivity.

F%%g}i (Ref erence Exanple 3) Preparation of
ransf'ormant having formate dehydrogenase activity 15
PCR ems nper fioratepll @s8hg Prapar 4 eiphabd, teramchf omosorahaving
ron1cu|t|vated mcrobial cells of
'Y ( FERM BP- 7671) by t he
met hoecﬁewasbgdrlf@m/@éﬂﬁ 6, aanch DNAmpLERESS 3
(Primer-15:. Sequence Listin EQ ID NO 18 and Pri ner-
CZDr%OSS@@l}e LPRERAGEIES IR Ner L Edvat embigsobial cells
&@ffﬁiﬂﬁgc1faggesﬁank RRRRE{ é@réEnE&%@ﬁwaéé—%s7%6 by the
except that annea Ing tenperature was set C
et hhd Q@RamﬂhhdlDnsWOv&§QIM6aﬁplahdaDﬁRagnemErs

@Qéﬁﬁégd éﬁ%u%%Sﬁl éyf§§t§EQm&Eprﬂ§§tféCéggnPrimer—

Sequence Listing SEQ ID NO: 19). PCR was performed

in the same manner as in Example 11-1 except that the
annealing temperature was set to 50°C in the PCR
conditions. The DNA amplified fragment obtained by the
PCR was digested with restriction enzymes NdelI and EcoRI,
and the DNA fragment thereof and vector plasmid pUCNT
(which can be produced by those of ordinary skill in the
art based on the description in the specification of
W084/03613) digested with the same enzymes were ligated
using a T4 DNA ligase to give a plasmid designed to be
able to express a formate dehydrogenase. By mixing the
obtained plasmid with the competent cells of Escherichia
coli HB101l, the competent cells were transformed to
prepare a transformant having a formate dehydrogenase
activity.

[01981
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25 and the DNA fragnment thereof and vector plasmd
pPpUCNT (which can be produced by those of ordinary
skill in the art based on the description in the
specification of W04/03613) digested with the sane
enzymeseweite 4 i ged edransifgrmand DNA lirgaselivedi vetad 6 ml .

pl asm d_desi d to be 3 ble t f t
eyt bheREEE. MBI AgLbhd ot BiREd pPAS AT S 1R 1LY

'JJY%&fQQe&g@% %ﬂéﬁi %rans?gkbcwd% 24”hrFB%@ﬂchB§al cells

ent cells were orned to repare a
Mermﬁ@rmmtehia\ﬁm;n ather ﬁvbttéim@d%géﬁé% megchk Wiy by,

8 5 The ain f | d
B PLPRha 3 e O AL NEdLEANe! SLOmRL 4% oG PhEda
gﬂﬂp&mpabbﬁn MMﬂlpfﬁbMKﬁh ﬂmﬁmmgaatu3é61hy QZABEN) to
Mcrobial cells  were harvested fronhhhe obt ai ned

rQfIveE Aedil@iiby LedhgRefudR i bR, 28hE 5%&%&%%%7@&

fagﬁé%éeée%§d¥b§bné$é@rep Spin Mniprep Kit
&nanufactured by Q AGEN) to recover a pl asm d

@§ﬂ§ﬁhd to be able to express a formate

.%x%ygﬁ%fgrmant having

K&ﬁwﬂﬁegd@&yﬂﬁugewasg amiﬁwﬁmﬁt&nde@wﬁmxﬁaw@ehydrogenase
actjvity The plasm d designed to be able to express

Y dehydrogenase, which was obtained in
Ref er enge @@Qﬁ&@ desilpn¥@stei gestad o th ExpRlesandieucine
Sacl, and 'a DNA fragnment containing a |eucine
ey dr ogenass qenll @hs wast oveEadnagsi Hy Fakarence Example 2,

wagxgylggggaxﬁf¥ﬁuﬁnggy Eﬂ¥a§§c§'oah Q ‘DN hg§agment

r'ecove ragnen §h fragmént tai ne
db@ﬁsﬁhﬁ@qlﬁéxémsﬂnd wehgﬁmmgénabe @@nﬁtwaexpeerered

20 fornmate deh dro enase, h was ob
et BPede&a s, %IP ff}?%ﬁaga%@%n%xngidﬁﬁ% Bio Inc.

ih@akééd#%ﬂéhfmﬂﬁ £ PNArd0asen B0 agirve giesti 8bpETHBd by
shown in Fig. 9, which™ was designed to be able to

dkpeesd nigeudiner Hehpdfogamsgnedndof Heelele to express
89%9%%9%3%?&%9g&§59%,a%%{%ﬁ-was obtained in Reference

Example 3, with the same enzymes were ligated using a T4
DNA ligase to give plasmid pFTLB shown in Fig. 9, which
was designed to be able to express leucine dehydrogenase
and formate dehydrogenase in large amounts.

[0200]

By mixing the obtained plasmid pFTLB with the
competent cells of Escherichia coli HB101l, the competent
celis were transformed to prepare a transformant
Escherichia coli HB101l (pFTLB) having a leucine
dehydrogenase actiVity and a formate dehydrogenase
activity.

[0201]

The obtained transformant Escherichia coli HB101l

(pFTLB) was inoculated into 6 ml of sterilized medium A

in test tube, and aerobically cultured with shaking at
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25 [0200] By m xing the obtained plasmd pFTLB with
the conpetent cells of Escherichia coli HB101, the
conpetent cells were transfornmed to prepare a
transformant Escherichia coli HB101 (pFTLB) having a

3Pdcimg 30, dehydrogerass Actéyily gaded dOIM@E€ed from the
dehy drogenase activity. [0201] The obtained

ehs? @R nBHE EESEH IS LRPR Byl |cer4é1mfu@aﬁ¢9§) vid @ plasmid
J@C&@Esetbat%ﬁﬁg e&A tr%rg Idzed wedipwep) 364 n test
tube, and aerobic tured with shaking at 76 37C
ﬂ‘rmnlzﬂahturmdcmm@m%l\ll S tWerJeecc@WécpééSmldinETﬁELB
btalne ul ture di m e [ n
pera %1]-1%91 5 sgextrgf(; %&ﬁ% 3 {gggféhg i pre
ﬂd&mmfecﬂuh@mﬂ@g63$€£$0 to recover plasn1d pFTLB s
3e3|g ed to be able to express | euci ne dehydrogenase
®&04br mat e dehydr ogenase. [02021 (Reference Exanple
Ble FLeRARRl man@f1d r NS hldPta oyhngs Rhemd @) AlhAe having

uenyurogenase actTvity and formate 1o dehydrogenase
ralcetmyitaslcaBa@ael ldgh yddpgsniasv 10691 si Exi anshsformate

igocglatgg E ? §£§E|I|zed medi um (1. 0% trypt one,

0. 5% sodi um chl ori de,
dlssmBaﬂhlIugebaﬂun@dEEMBIOS9pr&dlﬁmw@selnoculated into
sterlllzatlon) and aero

|1 I '
% hakE Rg Lar eso@edung | Hr%lﬁg%ﬁ%ﬁggﬁt@;“fr gdr?e"d 3(%?55 exfract

£nd ehPEat 80 @ FT OHDS ARl ,DNA HbL 8 B8 1BY ddEoMREBYN water,
nmet hod from cul tivated m crobial cells obtained by

ar Vebt bﬁéomecrsﬁbﬂ?m_l@@laltslcﬂrbm ahd ebrainiep Lyt ghdtured

centr,if P
TEhaThak e | 1P o oD M MR r peEBrmed using,
éﬁqueﬁéapluﬁﬁ;r@ SEQDMBﬁ&ﬁaBlDNA BBR aviase pelp ot hred Marmur
in the sane manner as jn Exa | e 1181 exc t that &ye

%eﬁase and

- BRhBAA Agom &%?%YGF&%% 18156

ﬁ999b5%9$§ ﬁQE&oﬁﬁﬁla@@lféeﬂréﬁaﬁﬂ%nbﬂﬂﬁfhégdcﬁﬂture
PCR was di gest ed
medlum by centrifugation, and DNA primers (Primer-17:

Seguence Listing SEQ ID NO: 20 and Primer-18: Sequence
Listing SEQ ID NO: 21). PCR was performed in the same
manner as in Example 11-1 except that the annealing
temperature was set to 50°C in the PCR conditions. The
DNA amplified fragment obtained by the PCR was digested
with réstrictidn‘enzymes EcoRI and PstI, and the DNA
fragment and a fragment obtained by digesting the
plasmid designed to be able to express formate
dehydrogenase, which was obtained in Reference Example 3,
with the same enzymes were ligated using a T4 DNA ligase
to give plasmid pFTPB shown in Fig. 10, which was
designed to be able to express phenylalanine
dehydrogenase and formate dehydrogenase.
[0203] |

By mixing the obtained plasmid pFTPB with the

competent cells of Escherichia coli HB101l, the competent
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25 wth restriction enzynmes EcoRl and Pstl, and the
DNA fragnent and a fragnent obtai ned by digesting the
plasm d designed to be able to express formate
dehydr ogenase, which was obtained in Reference Exanple
C@ll%vﬁr@hérga\fef@m%e@mr@na@%t@dt@smﬁgf@manbm
o] vie quy\@ n F|
E'Ivﬂ]cg{g%ﬁgglgdgg:lgne tgmbgpggl ﬁto exprgs p91eri|391alan1ne
qﬁfartyi‘cad;anaﬁe adethiydi bgenasle aantb froa hat dehydrogenase
% Eﬁenase. [02031 By m xing the obtained plasmd
aﬁ% th the 35 conpetent cells of Escherichia coli
[B>@L] the conmpetent 77 cells were transformed to
prepare a transformant Escherichia coli,Z HB101 (pFTPB

haV| ngh& phekglapdnitdensfetydrbgehasd eackshiay cadd 46101
2
(LIRS, HERY RiRTEREo i Yo 027 S 3 A28 B8 um &

_ umdoeu&:’at edbent amd nhe obbscerdilly zcadltmdiedmw/ith nslhekfmg at

and fﬁ,\[f)b' cally cul tured W|th shaki n f
F P24 \MhEr obMACTERY AL e bleorES &P %%ﬁ??ﬁe fr&m the

o 2 med auh&maérm@dﬂﬁmb%yc@aﬂﬁfyga%aeaoﬁvubﬁu a plasmid
plasm d was extracted using re pin Mniprep Kit

W(%ﬁar@ﬁ%é@%@ﬁi BB I AERRPPES T rManﬁ)Péﬁﬁ dﬁeﬁém gned

r I ehy

P B e apbr e Bl e (et crehie Eaa oy 29 pmed
tl@rel:p@rablent@f axans$ sr phen i@l gl n®- dehyslmpgenase and

Eilijs §Jgft<}/ PCR was performed using a vector
%l S %% ?%ﬁﬁ?actured by Takara Bio Inc.) as a
ferpste and DNA 20 prinmers (Primer-19: Sequence
Li sti ng SEQ ID NO 22 and Pr| msr 20: Sequence_Listing
Sk G CRP = PR Qbr & rang feymapt having

ﬂig}ﬁfnbnag{@ﬁmﬁ c}ésg, azgﬁv.@\% anplified fragnent
d with restriction

enzyn®(Redia ande rifgatred! againgusi ngctor plasmid pSTV28
(manufactured by Takara Bio Inc.) as a template and DNA
primefs (Primer-19: Sequence Listing SEQ ID NO: 22 and
Primex-20: Sequence Listing SEQ ID NO: 23). The PCR
conditions were similar to those in Example 11-1. The
DNA amplified fragment obtained by therPCR was digested

with restriction enzyme Nedl and ligated again using a

T4 DNA ligase to give a vector plasmid having a NedI

site inserted near the multi-cloning site of the vector
plasmid.
[0206]

The transformant obtained by transforming the
éompetent cells of Escherichia coli HB101l by mixing them
with the obtained plasmid was inoculated intoc 6 ml of
sterilized medium in test tube(l.6% tryptone, 1.0% yeast
extract, 0.5% sodium chloride and 0.01% chloramphenicel,
dissoclved in deionized water, pH 7.0 before

sterilization, chloramphenicol is added after
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25 T4 DNA ligase to give a vector plasmd having a

Nedl site inserted near the nmulti-cloning site of the
vector plasmd. [0206] The transfornmant obtained by
transform ng the 30 conpetent cells of Escherichia
sl 1 HB2 AT iby )y xdi@ & Besbiwdl ¢ heudbtigienedriplasshaking at
was inoculated into 6 m_ of sterilized nmediumin test
Ike(ErB9R 4 r it onticraimhafeagel laxwes@ harvesedi dmem the
B o1k dg EGQH%fgﬂﬁ&@iﬁﬁa ULk fubhes®ved i Recover a
dei oni zed water, pH 7.0 before 35 stefilization,
Etﬂfﬂmadphénm@olQI&pJa@IEeépaﬂ efinisrepekilt z(aEEiIUhJ??CEHQed by
qﬁig@%fally cultured with shaking at 37C for 24 hr

cells were harvested fromthe obtained
fulzore medi um by centrlfugatlon to recover a plasmd

using Q Aprep Spin Mniprep Kit (nmanufact
Q AGENEXT028F eREYE ST HRM eRpAETICo P A @ﬁdeﬁéBﬂé’@éj to be

- Aepd 9P8detd R s AWl Sl A oEXRIIES So P @85 R0 JRGH 10 OXi HASR

derived from Candida internedia NBRCO761 strain,
Gt dhd aad ndistraterdila 19BRA 06 er 8invashdigested abtpined

eséﬁéﬁ%h%”e?”%%??sdkgggtéﬁ“hf%f'reé QHégg.genenagmes NdelX

ragnent ~cont’ai ni n am nho ‘aci d ~oxi
aﬁmoseeed mmdmﬁH@KaRa REGOGHI P (omnafiading el byamino acid

Takara Bio Inc.). The recovered he

PrSAPE G60G NELS by SFRY SHESY 1hend Sﬁgafﬁ%s"eﬁr-‘r‘fe‘%‘ﬁggﬁ

Ym ﬁﬂf%%u@élﬁ%ﬁdT%El?:at%cﬁaﬂﬁcepzymﬁﬁe Wlc®vered DNA
lgated using a ase to give plasm d pSTNDA

Shogmenh Ringl the mhaémhmxphk%i@ﬁ@dbwouhseﬁb@Vﬁomentloned

T e e A A e e L

E$@hééacmsingﬂa TBlDNAtﬂngammpEbeguwaﬂﬁrasmedepSTNDA

transfornmed to transformant Escherichia ¢
262 HSENSR) ﬂLv. K LEPDMAR fof SLPASGN sk® a P?
Jdhsrebtaipnedh i anskormanti dsederi chia col i HBlOl

[0208]

By mixing the obtained plasmid with the competent
cells of Escherichia coli HB10l, the competent cells
were transformed to give a transformant Escherichia coli
HB101l (pSTNDA) having a D-amino acid oxidase activity.
The obtained transformant Escherichia coli HB101
(pSTNDA) was inoculated into 6 ml of sterilized medium C
in test tube, and aerobically cultured with shaking at
37°C for 24 hr. Microbial cells were collected from the
obtained culture medium by centrifugation to recover
plasmid pSTNDA using QIAprep Spin Miniprep Kit
(manufactured by QIAGEN).
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25 (pSTNDA) was inoculated into 6 m of sterilized
medium C in test tube, and aerobically cultured with
shaking at 37C for 24 hr. Mcrobial cells were

coll ected fromthe obtained culture nedi um by
centrifugation to recover @lasmesd pSTNDA using

Q Aprep Spin Mniprep Kit 30 (manufactured by Q AGEN).
79 Cains [1] A polypeptide having D-am no acid
¢xildage Act i ¥bbY i dernyednfr omfaidbdadiy espedhdcanttivity
the folllow'ng s physicochem cal properties: (1 ,
dor eeafad it ghe nAdIdec Ul iF © iBRgHE2 abodt t@@z,fobbfowmg
JIR}Seubeh el Ol gl Loabout 42,000;  (2) range
of” operative tenpéerature 10 tenperature range at | east
@20C mobeCulqdB)weanwde of operative pH pH range at
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strai moStuapohydgueph t de fofsideni el kedury {2) oo0h) or

(c): (a) a polypeptide having an am no acid sequence -
Ghbwhanige ueRee& Aiste ngeBRPOIIFWEE 1; 20 (b) a

pol ypent de. baying drae[‘ngg‘ ”Qta%edaéﬁqﬁgﬂée—‘”%%ﬁ%';” one

or a few-an no aci ds” of 'the "am no aclid Sequence shown

§{3) Seguerceo Li spemg tSEG |IPHNO 1 are substituted,

i nserted, del eted, and/ or, added,, and having a D am no
aci d d=3BI&ct AV trﬁfaig gc)— al[g'ogypepti de having an
am no acid sequence showi ng a honol ogy of not |ess

than 69% wi th the am no acid sequence shown in '
equefdes Lol vpgrSEQie DoKOc kB imnd, wWhiidly bsDIgFideed from

SEHLB G bt s R0 gl B DM Teo g e

the following (d), (e) or (f): (d) a DNA having a base
fopence Shown I $RE¢ e following (a), (b) or (c):
{a) a polypeptide having an amino acid sequence shown
in Seguence Listing SEQ ID NO: 1;

(b) a polypeptide having an amino acid sequence wherein
one or a few amino acids of the amino acid sequence
shown in Sequence Listing SEQ ID NO: 1 are substituted,
inserted, deleted and/or added, and having a P-amino
acid oxidase activity:

{c) a polypeptide having an amino acid segquence showing
a-homology of not less than 69% with the amino acid

sequence shown in Sequence Listing SEQ ID NO: 1, and

having a D-amino acld oxidase activity.

[4] A DNA encoding the polypeptide of any one of

claims 1 to 3.

[5] A DNA of the following (d), {(e) or (£f):

(d) a DNA having a base seguence shown in Segquence

Listing SEQ ID NO: 2;
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35 Listing SEQID NO 2; 80 (e) a DNA having a base
sequence wherein one or a few bases of the base

sequence shown in Sequence Listing SEQ ID NO 2 are
substituted, inserted, deleted and/or added, and

@codi ngra HYypeph ded@visguedanvheradird obe or a few
oxi dase activity; a DNA havi ng a,base sequence

(f) s
RaF n§ fa HYAOPBEF S IHBRCPeS RPRANLIB7HEAUT Fhe lpgde N9

HOYUERCRENONL B FekeNEa LIS | NPs SERD) M21éte@NGnd/or

encoding a polypeptide having a D-am no acid oxi dase .

atdedi t pnd efepdAnceconpb hapent bdei Baghigd nedDbpmino acid

insggti n%béthfv.g\lé of claim4 or 5 into a vector. [7]

Crhe“ 7 &8Cobi maht “plasnmid of claim6, wherein the 15

pvect ar DN RGEBn gpECKS; s BR32R1 e pAEYELB4 1 ripSTa/2Bpmology of

pSTV29, pSCl101, pT7Blue or pUCNT, or a derivative |

T Per 4665 [B}2FhE Pedbnbl nARE R33Fi 8°GHSA%H n? B8O ¥ihitch

Séqg;gn%%D/}QJQé”tEH%ntéEfQ efipbyca restghat ok Szygeanap

of "Fig. 1. [9] The reconbinant plasmd of claim®6, .

mhkypep td dNAhasdcadi ngDPaapdinpedt i de okaviare apctivity.

activity different 25 fromthat of D-ami no acid

oxi dase is further inserted into the vector. [10] The

Merpma neat oRldsib ek 0b1alsaiing Sobpheneid BheinBNAting the

encodi ng a pol ypeptide, having an activity different

A1 PEMT At of BFfam nbPhei & %G dhSE-i s a DNA encodi ng

an am no aci d dehydrogenase and/or a DNA encodi ng an

enzynme havi.ng a coenzyne-regenerating activity. [11]

The] r ettoerbir pawimipl ment d pdfa soh il np£0,c viiemebn helse DAt he
i.ng L RO [ eh as :

O AE SR S L i RTINSl

BSTVRIA,y pselinserd™B aset ber PN/CBUCODMK aderivative

pol ypepti de having an enzyne activity different from

thar ssit D ‘

[8] The recombinant plasmid of claim 6, which is
pCDAOO3 identified by a restriction enzyme map of Fig.
1.

[¢] The recombinant plasmid of claim 6, wherein a DNA
encoding a polypeptide having an activity different
from that of D-amino acid oxidase is further inserted

into the wvector.

[10] The recombinant plasmid of claim 9, wherein the

'DNA encoding a polypeptide having an activity different

from that of D-amino acid oxidase 1s a DNA encoding an
amino acid dehydrogenase and/or a DNA encoding an

enzyme having a coenzyme-regenerating activity.

[11] The recombinant plasmid of claim 10, wherein a

DNA encoding an amino acid dehydrogenase and a DNA
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am no acid oxidase. 5 [12] The reconbi nant plasm d of
claim 10 or 11, wherein the am no acid dehydrogenase
is a |leucine dehydrogenase or a phenyl al ani ne

dehydrogenase. 10 [13] The reconbi nant plasm d of any
eoedingl annerldymé ohd,indhes ec b ey enzyagehaviaigl ag

IR SIS LY IS BISCTRLS  pgypgoria

n=8L0dI 3Nk nplasdn 8ceh Gl nidEsewirgh FsompkhlBDAf D-

identified by a restriction enzynme map of Fig. 7 or:
aFETEBOACE Hepiifd®@®eby a restriction enzyne nap of
Fig. 8 20 [15] A .transfornant obtained by
transform ng a host mcroorganismwth the
{ecdnbirhantr ot aspiicaeft op Bhbmbd df6¢1dhe thtanst ol gnt
clai m 15, wherein the S m _croorgapi smi.s
BB g ATHS oBCH | SPETE PRRST R TNt Ot TAuF e
dkhy d‘ﬁ@@@h@tsteh%rtéaﬁﬁfegfpﬁ?éalahin@ﬁ@ﬁ%ébb e‘iﬂiée

HB101 (pCDAO03) (FER -10639) or JMLO9 (pCDA003)
(FERM BP-10638). 30 [18] The transformant of claim 15,

h di
S ol 2 Doy B 093,000 YOPPLE AV I 08 BRaims 10
tmxtdhsewherkunthEhelamqumanav1m@9kaTheenzamsfcrnant
f claim18, wh t he DNA 35 di I tid
AT Er B LR (L SV Gront 83 A G Rar BRI ERp RoOT
gyu@bgélggg@dgbggﬁggeencodlng an amno acid

dehydr ogenase and/ or a DNA encodi ng an enzyne havi ng
a coenzyne-regenerating activity. 5 [20] The

g%ﬁgsf LR dé?%mﬁ %‘a’ﬂtl 1L859 (?mé%hﬁilenco f”CQH 9 is

m No aci mRsa ih
pﬁﬁ@mﬁAhaden;zfreénbwnaragehemﬂhxqmaehszQ/mmp of Fig.

Tt el AL (S G FRArG §¥om BT br Cbia i Send 6P of

_quj dage.

[15] 2 transformant obtained by transforming a host

microorganism with the recombinant plasmid of claim 6.

[16] The transformant of claim 15, wherein the host

microorganism is Escherichia coli.

[17] The transformant of claim 15, wherein the

transformant is Escherichia coli HB101 (pCDAO03) (FERM
BP-10639) or JM109 (pCDAOO3) (FERM BP-10638).

[18] The transformant of claim 15, into which a DNA
encoding a polypeptide having an enzyme activity other

than that of D-amino acid oxidase is further intreoduced.

[13] The transformant of claim 18, wherein the DNA

encoding a polypeptide having an activity different
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[21] The transformant of claim 19 or 20, wherein the

am no aci d dehydrogenase is a | euci ne dehydrogenase or

a phenyl al ani ne dehydrogenase. 15 [22] The

transformant of any one of clainms 19 to 21, wherein

s ePRYE JRVD A8mA nePel@Y AR okagRNes al kNG A | ¥htpding an
a formate dehydrogenase or a gl ucose _dehydrogenase.

aypi 123p cHse 3¢RYSFOORR S Bf 2BRY Une? 0PN &NRCIsNgoan

Atz m&hhg%ﬂéﬁogtéb% e LLARIAUMPAINg MOStivity.

“m croorgani s with the reconbinant plasmd of claim®6

and a reconbinant plasm d conprising a DNA encodi ng a

(2 TRt S afii R SE T fade At PR = own

- dr24dbaTheg taranshensanicod ebaiymrkSyenbikeh arsd obt BNReGncoding

by transform ng a host microorganismwth the 30

- TecORBYAENtR BT 4BAI @ GTORMYYBRE ITIRNEFAL 10\ AgR1Vity are

i{%@iﬁat} eraecggbkﬁgntnﬂaéﬂh@dqfngana 888 et AilBB ht& ing an

& .
wherein t host m croorgani smi $ Escherichi a

ot yme35 B3 vit 261 7 ereehbd foforprodati wf PamihAd caciehd
oxi dase, conprising culturing a mcroorgani sm having
Uh-2BPFi'ty to produce the polypeptide of any one of
claims 1 to 3, accunulating the polypeptide in the
culture, and 5 harvesting the pol ypepti de. EZ?] The
driodlictTon reened otmens el akdr di%h Qhe20, wherein the

é£§§0%¥¥ﬂsgéh dyd £ 2Bsf ardmant 1 of, cane Aen 9hred@idBse or

5 or a nicroorgani smbelonging to the genus to
Lapdedy.l § 28} i Aenetdiogd obgpme@diei ng L-ami no aci ds
represented by the forrmula (2): RYCOOH
.[22] The transformant of any one of claims 19 to 21,
wherein the enzyme having a coenzyme-redgenerating
activity 1is a formate dehydrogenase or a glucose

dehydrogenase.

[23] The transformant of any one of claims 18 to 22,
which is obtained by transforming a host microorganism
with the recombinant plasmid of claim 6 and a
recombinant plasmid comprising a DNA encoding a
polypeptide having an enzyme activity different from

that of the D-aminc acilid oxidase as an insert.

[24] The transformant of claim 18, which is obtained
by transforming a host microorganism with the

recombinant plasmid of any one of claims 9 to 14.

[25] The recombinant plasmid of any one of claims 18
to 24, wherein the host microcorganism is Escherichia

coli.
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I (2) NH2 is wherein R represents a Cl1-20 al kyl group
.optionally having substituent(s), a C7-20 aral kyl
group optionally having substituent(s) or a C6-20
aryl group optionally having substituent(s), or 2-o0xo
poisd r aprRset edokly dittduEniuIm-{mlhoCadH d RoXi®as2(
wherein R represents as defined above, ich coqgris%s .
B 3 ility

¥ pPodhE Octfrgéf‘;%éﬂ%%\ﬁwdéno@blédwohe Rrodicei hhel to 3,
pol'ypeptide, wth racem c am no acid represented by
atcmmim@batdmmul wh ¢ 1pol vRvaoohdeNdn gzhehepditve, and

r%gresEnts gefiﬂedequy s [29] A nethod of

bttt ﬁagbﬁb f PPdMTo-acrd represented by the
formula (5): ~COCH R N (5) HS5 wherein R is a C2-7
al kyl chain optionally having substituent(s), or |

€2l c The ner pdprddant daebRoche £ 1 otatita {%) : vepnging the

niNré8lgall ergi R 1 Safgs rdefidied 8bovey WhEhor claims
conprisés reacting the polypeptide of any one of
1d afos2f tor R onicroorganism belonging to the genus

Candida.

{28] A method of producing L-amino acids represented
by the formula (2):

R COOH

)
NH,

wherein R represents a Cl1-20 alkyl group optionally

having substituent(s), a C7-20 aralkyl group optionally
having substituent(s) or a C6-20 aryl group optionally
having substituent{s), or 2-oxo acid represented by the

formula (3):

R COOH

\H/ 3)

O

wherein R represents as defined above, which comprises
reacting the polypeptide of any one of claims 1 to 3 or
a microorganism having an ability to produce the
polypeptide, with racemic amino acid represented by the

formula (1):
R COOH

(1)

NH,
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a m croorgani smhaving an ability to produce the

pol ypeptide, with a cyclic amno acid represented by
the formula (4): COOH R N (4) H 15 wherein R is as
defi ned above. [30] The production nmethod of claim28
wie 28inl IR Wéshesthe st raansd of fraetd ofbeng.one of cl ai s
15 to 17 is used. 20 [31] The production nethod of
any one of clains 28 to 30, wherein the reaction is

- H@Zépf@%éehg 88%c19f cgyeha%e L25n{ 823l alid

net hod uci ng L-am no aC| ds represented by the
Jf@Pﬁﬁl‘S&D(EZE)d 83 R\he/ mﬂuﬂ(a( 202} NH2 wherein R
represents _a_ Cl-20 al kyl group optionally having
substlt Exakt a Cr7-20 aral kyl group optionally
substituent(s) or a C6-20 aryl group optionally
S ha I ng substlksznt(s) which conprises reacting, in
t heN presence o n enzyme having an am no acid
deh¥dr ogenase and an enzyne having a coenzyne-
regeneratlng activity, the polypeptide of any_one of,
wharsdnl R0 8sor &4r tradkyanidh havPRE a3 %lylﬁﬁﬁkﬁg
C poI c Ci
e o L T e R R

ﬁbemaﬂmf?&ppresents as defined above. is [33] A
met hod of producing cyclic L-am no aC|d

COOH

R'-\-/7/

N (6)

wherein R’ is as defined above, which comprises

reacting the polypeptide of any one of claims 1 to 3 or
a microorganism having an ability to produce the

polypeptide, with a cyclic amino acid represented by
the formula (4):

COOH
R'
\ /
H (4)

wherein R’ is as defined above.

[30] The production method of claim 28 or 29, in which

the transformant of any one of claims 15 to 17 is used.

[31] The production method of any one of claims 28 to
30, wherein the reaction is performed in the presence

of catalase.

[32] A method of producing L-amino acids represented -
by the formula (2):

85



represented by the fornula (5): COOH R N~ (5 H
wherein R is a C2-7 al kyl chain optionally having
substituent(s), which conprises reacting, in the 20
presence of an amino acid dehydrogenase and an enzyne
avi ng %pggfnzyne regenerating activity, the
y 5& of any one of clains 1 to 3 or a
m c oorganisn1h@%ing an ability to produce the
pol Efptide wi t¥/cyclic am no acid represented by the
25 smula (4): 86 COOH R N (4) Hwierein R is as
defi ned above. [34] The production nethod of claim 32

w%eré&nmgehy eSe ﬁ@g gmd¥)fﬁegl% 3“§Pgﬁﬁa%%ﬂf%ﬁblly

["'euci ne rogenase “or a
hdehiyrely ogebasel t § 8hk Ehegﬁo@lemanarmlhgd gfrany op&éionally

of clains_32 to 34, mhereln t enzynme_havi ng a .
h@d’éﬁ“z?n%“Pé&én%H‘%Ptﬁé iQF at p\? A1 goalib Soptionally

h%%hfyﬁiéOgﬁwlpﬁeatqlsqcoashleﬁhxcdmg@ﬂaé% J:[e?aG&tThg, in the
production nethod of any one of clains 32 to ,

pate cdneenerl sE §BEYSE th@vﬁlﬁnsﬂffbr?ﬂﬁhflooiacalrﬂ/ one is

d%hﬂnéég? &agléoaﬁé a3 An JPR P d&acﬁ%,og %%t%ﬂé-

conpri ses” use o ransf

| reapxpe easiingy aettyiirns, ofha Pcdngpwpadde od dase, care of

10

15

20

25

AR . (e ar L g 0T TOF B 4 TRaR TR RPRaA Y 0

ﬁ?ﬂé@geOEHE 81§§eﬁ@¥ﬁ@'ﬁltheré&@ﬁiﬁowﬁﬂﬁolécmﬁed
wi t hout dlsruptlon of a m crobi al ‘
represented by the formula (1):

R COOH

(1)

NH,

wherein R represents as defined above.

[33] 2 method of producing cyclic L-amino acid

represented by the formula (5}:

COCH
R<T7f//

N ()

H

wherein R’ is a C2-7 alkyl chain optionally having
substituent(s), which comprises reacting, in the
presence of an amino acid dehydrogenase and an enzyme
having a coenzyme-regenerating activity, the
polypeptide of any one of claims 1 to 3 or a
microorganism having an ability to produce the
polypeptide with cyclic amino acid represented by the

formula (4):
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cell thereof. 25 [39] The production nmethod of any one
of clains 32 to 38, wherein the reaction is perforned
in the presence of catalase. 30 [40] A nethod of

i ncreasing a production anmount of D- am no acid
oxi dase, iﬁr conprises transform ng a host

] with a DNA encodi ng D-am no aci d oxi dase
afid a DNA encodi ng at | east one kind of polypeptide
Yng an enzyd4p activity different fromthat of the
m no aci d oxidase. 5 [41] The nethod of claim 40,

H
- wherein the DNA encoding a pol ypepti de having an
Shzyoe Llwéya {?illg f£8 that(ﬁ the[}amrm

act o OXi ase S encodlng ®dmi no aci d
dehydr ogenase and/or a DNA encodlng an enzynme having
2 %genzyne regenerating act|V|t% [42] The npet hod
B84d dhs mroguetdion thethsiche c?aal rofeddze frerein
ée&ﬁhﬁ%‘$¥W@rQgﬁ?@¥bﬁ§n§sephﬁﬁMialéﬁbﬁ%e dehydrogenase
dehydr ogenase. 15 | nmet hod of claim42, wherein
QHuﬁlEhenﬁiakﬁmyaﬁo@@hﬂﬁﬁpge@@ﬂWed fromBacillus
sphaericus NBRC3341 strain. [44] The nmethod of claim
42, wherein the phenylal anine 20 dehydrogenase is
(e et d repvBacidids hadhesd lo%/néagyg orset ref nc1[345ds 32 to
The nethod of any one of clainms 41 t wher e %
Wﬁeﬁﬁﬁqu;%Pc%@ﬁﬁﬂﬁa?%&éﬁﬁ%ﬁl?@eﬁéymﬁtﬂﬁggnﬁra ing
2o {98 Y5 OGRS €1 Ok ya rdl Jicps8c dehy & egEnasse
[ 46] Tﬁgtggfﬁ%d gf cl a|m45y wherein the formate
dehydrogemaste i s derived from Thiobacillus sp. KNK65NMA
strain (FERM BP-7671). 30 [47] The method of any one
of clainms 40 to 46, wherein both a DNA encodi ng an

- b | dpdelydiogenasetad aof any one of claims 32 to

35, which comprises use of the transformant of any one

of claims 15 to 25.

[37] The production method of claim 36, which
comprises use of a transformant coexpressing 3 enzymes
of a D-amino acid oxidase, an amino acid dehydrogenase

and an enzyme having a coenzyme-regenerating activity.

[38] The production method of claim 37, wherein the
transformant is used without disruption of a microbial

cell thereof.

[39] The production method of any one of claims 32 to
38, wherein the reaction is performed in the presence

of catalase.

[40] A method of increasing a production amount of D-

amino acid oxidase, which comprises transforming a host

microorganism with a DNA encoding D-aminc acid oxidase
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DNA encodi ng an enzynme having a coenzyne-regenerating
activity are used for transformati on as the DNA 35
encodi ng a pol ypeptide having an enzyne activity 88
different fromthat of D-am no acid oxidase. [48] The

" afEt hodhwh any-canen®f a¢l digms ¥0ohe 44 ndhefepolyeptide

-host m croorganismis Escherichia coli._5 1[4 _
hpFddHhi RANE DFYERSY JACESMErt8i Y] f&ﬁ%e?%%{“ ?haéiw’f the D
a8NGdi ngia RAYpReptide having a D-amino acid oxidase
activity and a DNA encodi ng a pol ypeptide having an

enzyme activity different fromthat of the D 1o am no

iq oxidase, and show ng. an,improved product i :

E%ﬁjnt§b@ Fﬁﬁt%fgnPRg‘%ggbmoépdaé% %EeggnggF%dB@% gncoding
al @cph8pRt dul asav dngonpr i shagme W entodi g fiferent from
polypegtide havi ng the D-am ng acid pxidaﬁg activitg
thlagneChs tAS iTisaRi 018 Gi5h] OFhE A ohdi Raff oI HERP 286
a&lfﬂ&n 425 IWREIEY 8- bBe n LNA AEOEH NG t BeaPeky AP hgean

aving an enzyme activity different fromthat of the
eDzymaohaviith dxd dasenizy e - DRYesFoHt hyJdan & hbt Hei d
dehydr ogenase and/ or a DNA 20 encodi hg an enzyne
havi ng a coenzynme-regenerating activity. [51] The
[acdminante Phasimdk of1ghai M50, whbeeaim ke amdinw acid
aci d _dehydrogenase is a |BUCiE%§%$ drogenase or 25 a

Fap&miais dbfyér dGetakee BIPEES i Mant
pggﬁig}glgkjghgigéﬁ%dlwnféﬁégethe | euci ne

ogenase is derived fromBacillus sphaericus
NBRC3341 strain. 30 [53] The reconbi nant plasm d of

G Tedhs oieblen (16 cRARRLA A BOSS 0 HiR - 135 40s

ddey decqrd neat 1 pl @xrivell dmprornkaof 1dha rpddergeus

~ NBRC3341 strain.

[44] The method of claim 42, wherein the phenylalanine
dehydrogenase is derived from Bacillus badius IAM11059

strain.

[45] The method of any one of claims 41 to 44, wherein
the enzyme having a coenzyme-regenerating activity is a

formate dehydrogenase or a glucose‘dehydrogenase.

[46] The method of claim 45, wherein the formate
dehydrogenase is derived from Thiobacillus sp. KNK65MA
strain (FERM BP-7671).

[47] The method of any one of claims 40 to 46, wherein

both a DNA encoding an amino acid dehydrogenase and a

. DNA encoding an enzyme having a coenzyme-regenerating

activity are used for transformation as the DNA

encoding a polypeptide having an enzyme activity
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to 53, wherein the enzyne having a coenzyne-
regenerating activity is a fornmate dehydrogenase or a
gl ucose dehydrogenase. s [55] The reconbi nant plasmd
of claim54, wherein the formate dehydrogenase is

| I QN [ I 1 1Sy SR 4 ' LR alas { FERM
‘%ﬁgg%gg?E ?%%%bfﬁggﬁeégﬁb?ngﬂ%ngwggﬁya‘%f any- one of
claims 49 1o to 55, into which both a DNA encodi nhg an

. id d d . di . .
BI10, 361 neiehyd oenasg 20 & PN SHFQYIAN 0 7Y Therein
tiHY rwdueedhiasr ¢ hegabsrentedieng e piotly pepiciodel havi ng

an enzyne activity different fromthat of D am no
aci d oxidase. 15 [57] A transfornmant obtained by

r far - ] I i ! e '
B et R e Sttty o 2
vl enBNAigreodi pg layp gt ygepthiadel haveng &N e yAe L

OW ng an” 1 nprove ase
ract i Mgt yrasercoympar ed v at yt carsfeorennt frrranstbaredf the D-

with a DNA encoding the polypeptide having th ,
T EAPECAd PEATBASe RATVPRY T BrE? SBFAH]SFhgroduct ion

éiﬁﬁﬁﬁowﬁﬂgh@fDcﬁﬁfﬁé7ac%@eﬁﬁiﬁégé PYA caisgdedd to a
t he pol ypepti de having an enzynme activity different
feoombhiatardf pheshisghi enReis iod dasBNAs epcpipng the
encodi ng .an am noe _aci ehy e . an r :
%%ggﬁﬁﬁ %é%e Syine Eﬁ%%gBagﬁ¥h§§%§}§e$§%§§E%wgd$lv1ty
Acdbhe e 4159 nFketd.ransformant of claim58, wherein

the amino acid dehydrogenase is a | eucine

dehydr ogenase or a 35 phenyl al ani ne dehydrogenase. 90

H%@ The, L 2agky Lnef Llaimadorwharein the Lauciaen the
ehydr ogenase i s derived fromBacillus sphaericus o
NBRC23Y P &itngi hhe polypeptide having an enzyme activity
different from that of the D-amino acid oxidase is a
DNA encoding an amino acid dehydrogenase and/or a DNA
encoding an enzyme having a coenzyme-regenerating

activity.

[51] The recombinant plasmid of claim 50, wherein the
amino acid dehydrogenase is a leucine dehydrogenase or

a phenylalanine dehydrogenase.

[52] The recombinant plasmid of claim 51, wherein the
leucine dehydrogenase is derived from Bacillus

sphaericus NBRC3341 strain.

[53] The recombinant plasmid of claim 51, wherein the
phenylalanine dehydrogenase is derived from Bacillus

badius IAM11059 strain.

[54] The recombinant plasmid of any one of claims 50
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5 [61] The transformant of claim59, wherein the

phenyl al ani ne dehydrogenase is derived from Bacill us

badi us | AML1059 strain. 10 [62] The transfornmant of

any one of claims 58 to 61, wherein the enzyme having

t3 OPENZYHBTAGENEhat kG yret h¥Mkvlivng S achehmite -

dehydrogenase or a glucose dehydrogenase. 15 [63] The

nergaTsd o FARY GFceldilmyeZ s whefeirmate Fehydi@denase or a
g i ived from Thi obacillus sp. KNK65MA

ggﬁﬂ%g%g(ggg%ﬁgg?ggg%f%'[64] The transformant of any

one of clains 57 to 63, 20 which is obtained by

ransform ng a host mcroorganism _wth .a reconbinant,

Edni Eh&rﬁﬁ%mﬁdn&"‘rﬁ?\wpéﬁ%gﬂi 5 Cgél%e%ff ggheTein the
HaMh e 24BHAM PO asiat OXi dage ractddi £ ¥ons Thahasellius sp.
and a reconbi nant plasm d conprising a DNA encodi ng a
KO §Pupt sdia Havi AGERY ShZyhe7acdt-i vity 25 different
fromthat of the D-am no acid oxidase as insert. [65]

The transformant of any one of clainms 57 to 64, into
g hotdh e OMARencoet ng lasmand nof aang 3the of claims 49

dehydr ogenase and, a encqQdi.ng an enzyne hayj a .
Giek Gl bVl el e s e B LR e N

gregdinnis & Rakypeptidlechavidin @nagnzymymet huvting a
different fromthat of D-ami no acid oxi dase. 3

. .no : S [66]
| RN EYBRSTIOIFRNE To1t 1% AFEEY I hr ¢ s 1abg Hegedo s Fhe

transform.ng a. host;, m aRj.sm Wt ht : tivit
D Ry P o B R LSRNy L B M yme ot dvity
dbFFeThatt rianshotimmtt of anrpmdme odctHaiorsldyseo 66, s

~wherein the host mcroorganismis Escherichia coli

[68] A nethod of producing D am no acid oxi dase,

qUPI | S NGr SHEEY A in E hepiAnsd @ Bgnt 1ofn any renePfa host
c!alns 57 to 67, accunulating D-am no acid oxidase |q1
MbCrRerAATLP®B, Waikd: Har DEAt e AheP ©- aniffol WepRTt1de having

%é%?g?gn%iég%dAd§¥J§geogc@¥¥%@§nQnH‘@ﬁﬁwmaEE@oding a
polypeptide having an enzyme activity different from
that of the D—émino acid oxidase, and showing an
improved D-amino acid oxidase activity as compared to a
transformant transformed with a DNA encoding the
polypeptide having the D-amino acid oxidése activity

alone.

[58] The transformant of claim 57, wherein the DNA
encoding the polypeptide having an enzyme activity
different from that of the D-amino acid oxidase 1is a
DNA encoding an amino acid dehydrogenase and[or a DNA
encoding an enzyme having a coenzyme-regenerating

activity.

[59] The transformant of claim 58, wherein the amino
acid dehydrogenase is a leucine dehydrogenase or a

phenylalanine dehydrogenase.
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the formula (2): R /COOH IY (2) NH2 15 wherein R
represents a Cl1-20 al kyl group optionally having
substituent(s), a C7-20 aral kyl group optionally
havi ng substituent(s) or a C6-20 aryl group optionally

"having substituent(s), or cyclic L-amno acid

represented by the fornula (5): 20 COOH R N ( %
ﬁﬁ@ﬂelﬁhﬁ ﬁ%ﬁ@ségrm%ﬂ?ypfcﬁ&ﬁinﬁ?onMW%F?%ﬁl je leucine

nS#&?@H%@@’1§mH%Q'Qﬂﬂprf§8ﬁ @%%Elﬂﬁst@%haerlcus

mant of any one of clainms 57 to 67 with
NBXsEh3 €1 25 tard 1w- aci d represented by the formula (1):
COONRY NHz 92 wherein R represents as defined
above, or cyclic amno acid represented by the
g@l‘ﬂ]vl FhA)Er OPMo fMaMt (4F Hanherebn Rhdseds the

efined_above. 5 [70) Th t th I
Pé@“%iiéﬁnl&ﬁrpﬁi?&%éir@ﬁ?fgagg?ggﬁéflf%]ﬁggfi %&b ﬁ@ghﬂ]&us

b cﬁﬂ}gnﬁﬁmofo@g @M ng, aci d oxi dase, an anmino acid
'dehydr ogenase and an enzyne having a

coenzyne-regenerating activity. 93 sequence listing

[62] The transformant of any one of claims 58 to 61,
wherein the enzyme having a coenzyme-regenerating
activity is a formate dehydrogenase or a glucose

dehydrogenase.

[63] The transformant of claim 62, wherein the formate
dehydrogenase is derived from Thiobacillus sp. KNK65MA
strain {(FERM BP-7671).

{64] The transformant of any one of claims 57 to 63,
which is obtained by transforming a host microorganism
with a recombinant plaémid comprising a DNA encoding a
polypeptide having a D-amino acid oxidase activity as
an insert and a recombinant plasmid comprising a DNA
encoding a polypeptide having an enzyme activity
different from that of the D-amino acid oxidase as

insert.

[65] The transformant of any one of claims 57 to 64,

into which both a DNA encoding an amino acid

dehydrogenase and a DNA encoding an enzyme having a
coenzyme-regenerating activity are introduced as the
DNA encoding a poiypeptide having an enzyme activity

different from that of D-aminc acid oxidase.

[66] The transformant of claim 57, which is obtained
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SEQUENCE LI STI NG <110> Kaneka Cor porati on <120>

D- AM NO ACI D OXI DASE, AND METHOD FOR PRODUCTI ON OF

L-AM NO ACI D, 2-0OXO ACID OR CYCLIC (M NE <130>
BO50474W001- <150> JP2005- 224505 <151> 2005-08-02

%?5@faﬂegﬁ¥hﬂd§4g8hdﬁ@lﬁi@@@@ﬂ&%ﬁﬂsm<%ﬁQh1%%6170>
atentin version 3.1 <210> 1 <211> 344 <212> PRT

rexasbtagditdl 1 asBifedih axdoonel (et coairg f Irykovae -
Ile Val Gy Ser Ay Ile lle Ay Leu Tyr Thr 1 5 10 15

Gy Tyr Lys Leu Leu Gu Ser Ay Val Pro fly Gu Ser

[le IThrrRéal £ 28n2F c¥fhnatit ucAl anfy uofbeolfewc RiomE $7AI® 66,

Ser || Tyr .Thr Ser Pr, 35 40 45 Tyr Ala dy.
et B oD e cEaPian 5 da Rep el L1
50 55 60 Leu Lys Phe Asp Lys His Thr Tyr flu Asn Lou

Pro Lys Leu Gn Lys 65 70 75 80 Leu Leu Ay Gy Pro
[68loy2 @gthed AfHh meedusdner P2eniTer agid 86x90:265,

: l; L
PR 050 T o e et g P of
Glailsn5d kwd 67 eacknon@ at Ghy A-samihd B0 d26zxidpse in
Phe Jy,Val L Phe Thr Thr Trp.Asn_ Phe.As Pro.
(R PHE ELIP 1 78R40 1P ShPOASH Vb O Ty £ 07 padaRse -
Lou Ser Lys Asn Val Thr Phe Ile 145 150 155 160

- [69] A method of producing L-amino acid represented by

the formula (2):

R COOH

T e

NH,

wherein R represents a Cl-20 alkyl group optionally
having substituent(s), a C7-20 aralkyl group optionally
having substituent(s) or a C6-20 aryl group optionally
having substituent({s), or cyclic L-~amino acid

represented by the formula (5):

COOH

R"—/

N (5)

H
wherein R’ is a €C2-7 alkyl chain optiocnally having
substituent(s), which comprises reacting the

transformant of any one of claims 57 to 67 with racemic

amino acid represented by the formula (1):

R COOH

(1)
NH,
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Arg Lys Asn Leu Thr His Ile Thr Gn Ala Phe Ay Pro

Ala Thr Lys 165 170 175 Cys Val Phe Asn Cys Thr Ay

Asn Ay Ala Arg Phe Leu fly Ay Val 180 185 190 G n

Asp Ala Lys Val Tyr Pro Thr Arg Gy G n Val Val Val :
Wherejys ROBep@es2O3 s (d3 ée@ier&ré dbetieng cAl@y®idc amino

Asn Met, || Trp y Asp Asn Tyr
%fd ffé”zﬁ%eﬁg&ﬁh%ry TE/pe "I%‘é g Pro Tyr Ser
. H's Asp %@cﬁu Ile Leu Gly 225 230 235 240 Gy Phe
u p Asp Trp Thr Pro Asp Thr Leu Ser Qu
?5 250 255 ‘Thr Qu Asp Ile Leu Phe Arg Thr Thr
nN eu Leu Pro(4235/s Ile Leu 260 265 270 Asn G n Asn

ProgHlis Gy Pro nille flu Asp Lou flu lle Val Arg
275 280 285 VaI Val Al a Gly Leu Arg Pro Ser Arg H's

Arg II 95 300 Lys flu Val Leu
%graﬁﬁ Lys t&u s ljn%lenﬁl S @%V@ryr Ay Ala dy 305
310 315 320 fly Tyr Ay Tyr Gn Ser fly Leu Ay Met
fgl ésef Lys Ala Val Lys 325 330 335 Leu Ala Lou Gy
P befhey g rosipgupon<pedshad < £15 159038 682lmhumw\
acgﬁfl%gj'ﬁ@lh@tg@éﬁsfééquﬁg akg enzymes

aattgt tggttctggt atcataggot tgtao ctgg LY 3asht’
actDa-gBa@m@gagagi gvc:c@gSlegaam:Camcnacta}ticgagghydrogenase
a Lot t ac 120 otatca aatacaott

rg%t at geongZ%gégg%q'gﬂgt%t &8 é’g"a’fm%affeg Jfaiéﬁg activity.

gat oot gact ogttgaagtt cgataagoac aootacgaaa acttgoooaa

gttgcaaaag 240 "..... ) cttttgggtg ggccaotgtg
tggcttagat atgctcoctg otaccgaaat ctgggataat 300
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)

<110

<12

<t30>

<150>
<151>

<150>
A51>

<160>
170>

<210>
<2i1>

gt caagt cga agaaaattga ctctttgaag cagtatctta aggactaooa
ggaaattgag 360 caagaagaat tgootgaggg tgocaagttt
ggagt gaaat toaccacotg gaacttoaat 420 tgtcccaagt
ttttgagtaa tgtocagaaa taccttcttt ccaagaatgt cactttcatc
480 cgtaaaaact tgaoooaiwiceaatirgaagoa tttggtcctg
caaacaaat FWHYtEk'1E 0¥t 540 tgcactggaa atggtgcccg

Kandkb C&6drbiggHt Qgagtt oagg aogccaaagt gtatcctaca 600

a t C t cog cacat caat g agaaaatt at

Rﬁ?@%%gﬁég%g%éﬁhéﬁt Fié B'{‘@Eg'%'g Bat™¥tat aat caaaaga

coat actcac atgatcagtt gattcttgga 720 ggttttctcc
BOSUM®iaacga ctggactcca gatactcttt ctgagcaaac agaagatata
JP200B@24505t t t t cagaa caactaatct attgccaaag atcttaaacc
200:8f%t ccaca tgggccaaac 840 attgaagatt tggaaatt gt
JP2@6e9Raisgdt g gctggattgc gtcccagcag acat ggaggt 900
200y94cdgaat t g aaaaagaggt gctagatgga aagttgttga ttcacaatta
93 0ggtgctgga 960 (2) sequence |isting gggtatggat

at caat cggg tttgggaatg gcagataaag ctgtgaagtt agcattgggc
Pateptyp yersidfigalyt aaac tttag 1035 <210> 3 <211> 17 <212>
1 DNA <213> Artificial <220> <223> Priner-1 <220>
344 <221> misc_feature <222> (15).. (15) <223> n

212> PRT

<2
<400>

Candi@PMESRAIS @, t, g or ¢ <400> 3 rcwwsweewt gggengg 17
<210> 4 <211>. 17 <212> DNA <213> Artificial <220>
<223> Primer-2 <400> 4 gcrkswocrt arttrtg 17 <210> 5

get Ser Giu Tyr gai Ile Yal Gly Ser ?éy lle lle Gly Leu {gr Thr

- Gly Tyr Lys Leu Leu Glu Ser Gly-Val Pro Gly Glu Ser fle Thr Val
20 25 30

Glu Ala Glu Phe Leu Pro Gly Asp Glu Ser lle Lys Tyr Thr Ser Pro
35 40 45

Tyr Ala Gly Gly Asn Phe Ser Gly Ile Thr Gly Asp Asp Pro Asp Ser
50 55 60

“Leu Lys Phe Asp Lys His Thr Tyr Glu Asn Leu Pro Lys Leu Gin Lys
65 10 79 80

Leu Leu Gly Gly Pro Leu Cys Gly Leu Asp Met Leu Pro Ala Thr Glu
85 90 95

Ile Trp Asp Asn Val Lys Ser Lys Lys |le Asp Ser Leu Lys Gin Tyr
100 105 110 ‘

Leu Lys Asp Tyr GIn Glu lle Glu GIn Glu Glu Leu Pro Glu Gly Ala

. 115 120 125
Lys Phe Gly Val Lys Phe Thr Thr Trp Asn Phe Asn Cys Pro Lys Phe
130 135 140

Leu Ser Asn Val Gln Lys Tyr Leu Leu Ser Lys Asn Yal Thr Phe |le
145 150 155 160

"Arg Lys Asn bLeu Thr His lie Thr Gin Ala Phe Gly Pro Ala Thr Lys
165 170 115

Cys Val Phe Asn Cys Thr Gly Asn Gly Ala Arg Phe Leu Giy Gly Val
180 185 190

Gin Asp Ala Lys Val Tyr Pro Thr Arg Gly Gin Val Val Val {le Lys
. 195 200 205 :

(H



<211> 20 <212> DNA <213> Artificial <220> <223>
Primer-3 <400> 5 tctttctgag caaacagaag 20 <210> 6
<211> 20 <212> DNA <213> Artificial <220> <223>
Primer-4 <400> 6 gacattatcc cagatttcgg 20 <210> 7
<211> 1084 <212> DNA sdidsdz 1Gangi da i nternedia <400>
7 atgtctgaat acgtaattgt tgggtatgtc caatgggttt

Ala Pro Hisgtle Gbrg@l tabn MAACAKGEES 6GOsp hdnClyARGOL C agttctggta

210t cat aggct?f5 gt acact gga?t0acaaacttc tagagtctgg 120

agt gcccggt gaatccatca ctgttgaggc agaattctta cctggggacg

Thr Tyr lleage dvatre Xee B Ger Hisalcmeintled | eaked Atygcgg gaggaaattt

225 ct ccgg®it o act ggt gy at cct gact 49240 gttgaagttc
gat aagcaca cctacgaaaa cttgcccaag ttgoaaaagc ttttgggtagg

Bly Phe Le3@p Lygytse der fedtr %e’ﬂ HydeaSvdis Bbct gc taccgaaatc
t gggat aat g tcaagfcgaa 360 ( sequence listing

aaattgac tctttgaagc agtatcttaa ggactaccag gaaattgaac
thr Glu Aspggéi%é{'g?‘fg iﬁdﬁg 8‘?3‘?@5@'3’@? Lgcldadiyttt g gagt gaaatt
caccacctgg aacttcaatt gtcccaagtt 480 tttgagtaat

Asn Gln ég%ﬁﬁ%@é?eﬁo-%cﬁé GhulAsS Le‘hatﬁ???et@f? actttcatcc gtaaaaactt

gaccoatsst a act Caagca: tgg Irc;gctgc aaccaaat gt
gtgttcaatt gcactggaaa 600 tggtgcccga ttccttggtg

Val ggé AlDAYIECAIDR SHACAARG Palyalif &l-aGRd0aggacaggt 660

ggt t gt cat?8s aaggct cccci®cat caat ga gaacatgatt agattgggcg
ataactatgc 720 cacttacata atcaaaagac catactoaca

Lys Glu Valt .gatAca€ly Lgs Beitied 1 ggRg ADt Ty GRt£81y/80 gaaaaacgac

305 tggactt8ag atact ctt¥t tgagcaaacdgaagatatac ttttcagaac

840
Gly Tyr Gly Tyr Gin Ser Gly Leu Gly Met Ala Asp Lys Ala Val Lys
325 330 339

Leu Ala Leu Gly GIn Ser Lys Leu
340

210> 2

211> 1035

<212> DNA

<213> Candida intermedia

<400> 2

- atgtotgaat acgtaattgt tggticteet atcatagget tgtacactgg atacaaactt 60

ctagagtoty gagigccoge tgaatccate actgtigags cagaatteti acctggggac 120
gagtotatca aatacactic tcottatzog geaggaaatt totcoggaat cactggtgat 180
gatcotgact cgttgaagit cegataagcac acctacgaaa acttgcoccaa gitgeaaaag 240
ctittgeete geccactgie tgecttagat atgetocctg ctaccgaaat cigggataat 300
gtcaaglcga agaaaattga ctotttgeag cagtatctta aggactacca ggaaattgag 360
caagaagaat tgoctgageg tgccaagtii ggagtgaaat tocaccacctg gaacttcaat 420
tetocoaagt tttteagtaa tgtoccagaaa taccttcoitt ccaagaatgt cacttteate 480
cgtaaasact tgaccoatat aacicaagoa titgetectg caaccasatg tgtgticaat 540
tgcactggaa atggtaccce aticctipet ggagttcage acgocaaagt gtatcctaca 600
agaggacagg tggttgteat taaggctccc cacatcaatg agéacatgat tagatggezc 660
gataactatz ccacttacal aatcaasaga ccatactcac atgatcagtt gattettgea 720

gettttotoc agaaagacza ciggactoca gatactettt ctgagcsasc agaagatata 780

cttitcagaa caactaatct attsccaaag atotiasacc agaatccaca tgggccaaac 840

attgaagatt tggaaattgt gagagtzgte gotggattge gtoccageag acatggaget 800
gicagaattg asaaagaggt gotagatgga aagitgttga ttcacastta cggtgctgga 960

@



p—

aactaatcta ttgccaaaga tcttaaacca gaatccacat gggccaaaca
ttgaagattt 900 ggaaattgtg agagtggtgg ctggattgcg
tcccagcaga cat ggaggtg toagaattga 960 aaaagaggtg
ctagatggaa agttgttgat tcacaattac ggtgctggag ggtatggata
1020 tcaatcgggt ttgggagkgd IGAgat aaago tgtgaagtta
geetatgeat gogyioges (EiGEsaAT A (eeaianee ctEOREETt peoajeck084020<210> 8 <211>
cagagtaaac aa;ag <212> DNA <213> Artifici al <22qe:35<223> Prinmer-5
<400> 8 cgcactccat atgtctgaat acgtaattgt 30 <210> 9
<10y 3 <211> 32 <212> DNA <213> Artificial <220> <223>
21> 17 Primer-6 <400> 9 gacacggagc tottaaagtt tactctggcc ca
Q1R M3o ,<210> 10 <211> 31 <212> DNA <213> Artifici al
<220> <223> Prinmer-7 <400> 10 atcgttacat atgagcttag
2 ohagaaaaaac a 31 <210> 11 <211> 30 <212> DNA <213>

<223> P”Wﬁt|fi0ia| <220> <223> Prinmer-8 <400> 11

220>

<221> misc_feature

222> (15)..(1%)

€223> n represents a, t, g or ¢

<400> 3
roewwsweewl gegongg 17

<2107 4

211> 17

<212> DNA

<213> Artificial

220>
<223> Primer-2

<400> 4
gerksweert artirte 17

210> 5

211> 20

<212> DNA

<213> . Artificial

<2207
223> Primer-3

<400> 5
teitictgag caaacagaag 20

210> 6

211> 20

<212> DNA

213> Artificial

<2205 -
<223> Primer-4

<400> 6
gacattatce cagatticgg 20

210> 7

211> 1084

<212> DNA

<213> Candida intermedia

4000 7
- atgictgaat acgtaattgt tgegtatstc caatggstit gttotgettt aamacatetst 60

ttctaacctc agttetgeta tcatagectt gtacactgga tacaaacttc tagagtctgg 120

agtgecoggt paatccatca ctgttgagge agaattotia cotgggegace agtotatcaa 180

atacacttet cocitatgogg gaggaaattt ctocggaate actggteatg atcctgacte 240

gtigaagitc gataagoaca cctacgaaaa cttgocoaag ttgcaaaage tttteestee 300

gocactgtet ggettagata tgctocotzc taccgasmate tgegataatg tcaagtcgaa 360
(3}



e

taactgcagt tattagttgc gaatatccca 30 (4) <210> 12
sequence listing <211> 43 <212> DNA <213> Artificial
<220> <223> Primer-9 <400> 12 actgaattct aaggaggtta
acaatggaac tttttaaata tat 43 <210> 13 <211> 32 <212>
DNA - <213> Artificial seqéePFistdg3> Prinmer-10 <400> 13
E%a ctct tattaacgtc tgcttaatac ac 32 <210> 14 <211>
saaaatteao JHHGS actatelias edoopaE gpapiirEe pagpatsat 2080<223> Primer - 11
goctgagest ¢ 4Ot dartmygyytaceticaaggagdt tacasaat gisot g aat acgt aat
< > <212> 213> Artificial
tteagtaat tﬁ%’%@iﬁ%ﬁ%’? i}%%ara_?%,;zl mﬁ?)tﬁ% g‘f%“a"%@ gsa4t6 cct taaagtttac
gacccatata pleqgefet tetpgec apqpatey gtekipdatt-epGiegaaa 600

tzgtgcccga ttocttgete gagttcagga cgocaaaglg tatcotacaa gaggacaggt 660

gettgtcatt aaggctocee
cacttacata atcaaaagac
gaaagacgac tggactccag
aactaatcta tigccaaaga
ggaaatigls agagtgetee
asaagaggte ctagatggaa
tcaategget tigggaateg

acatcaatga gaacatgatt
catactcaca tgatcagtig
atactetitsc tgagcaaaca
tottaaacca gaatccacat
ctggatigoe toccagcaga
agttgtigat tecacaattac
cagataaage tgtzaagtta

agatgggecg ataactatge
attctiggag gttiteteoca
gaagatatac ttticagaac
geegccaaaca ttgaagatit
catggaggty tcagaatiza
getectegag ggtatggata
geattgeegce agagtaaact

720
780
840
900
960
1020
1080

ttag 1084

<2107 8

<211> 30

<212> DNA

<213> Artificial

<2205
<223>

<400> 8
cgcactocat atgtctgaat acgtaattgt 30

Primer-5

<210> 9

<2H> 32
<212> DNA
<213> Artificial

<220>
223>

<4005 9 .
gacacggagc tottaaagtt tactctggce ca 32

Primer-6

<210> 10

211> 3

<212> DNA

<213> Artificial

<220>
223

<400> 10

Primer-7

ategttacat atgagcttag tagaaaaaac a 31

<210> 11

<211> 30

<212>  DNA

13> Artificial

220>
<223>

<400> 11
taactgoagt tattagtige gaatatccoca 30

Primer-8

#



<212> DNA <213> Artificial
<400> 16 aaactgcagt aaggaggtta acaatgtctg aatacgtaat
<212> DNA <213> Artificial

tgt 43 <210> 17 <211> 29
<400> 17 aaactgcagt taaagtttac

<220> <223> Prinmer-14

<220> <223> Prinmer-13

tctggccca 29 <210> 18equenbd »isRiheg <212> DNA <213>

212 12 Artificial (5) sequence listing

211> 43

<220> <223> Priner-15

<312> pNa <400> 18 atcacgcata tggcgaaaat actttgc 27 <210> 19

<213> Arti&zial> 30 <212> DNA <213> Artifici al

<220> <223>

<290> Prinmer-16 <400> 19 atagaattct tatcagccgg ccttcttgaa
<223> Prim@09 <210> 20 <211> 44 <212> DNA <213> Artificial

<400> 12
actgaattet sagegagetia acaatggaac titttaaata tat

210> 13

211> 32

<212> DNA

<213> Artificial

<220>
<223> Primer-10

<400> 13 :
gatgagetet tattaacgte tgettaatac ac

210> 14

Q1> 43

<212> DNA

<213> Artificial

220>
<223> Primer-11

<400> 14
cggggtacet aagegagetta acaatgictg aatacgtaat igt

210> 15

11> 29

<212> DNA

<213> Artificial

220>
223> Primer-12

<400> 15
gegggatoot tasagtttas toizgocea

<210> 16
Q21> 43
212> DNA

o <213 Artificial

<2207
<223> Primer-13

<400> 16
aaactgcagt aaggaggtta acaatgictg aatacgtaat tgt

<2107 17

<21 2

<212> DNA

<213> Artificial

220>
<223> Primer-i4

<400> 17
aaactgoagt taaagtttac totggccca

210> 18

AP Y

212> DNA

213> Artificial

&)

43

32

43

29

43

29



<2207

<220> <223> Prinmer-11 <400> 20 tacgaattct aaggaggtta
acaat gagct tagtagaaaa aaca 44 <210> 21 <211> 30
<212> DNA <213> Artificial <220> <223> Priner-18
<400> 21 taactgcagt tattagttgc gaatatccca 30 <210> 22
<211> 31 <212> DNA <2dqdweAidtirgi ci al <220> <223>
Primer-19 <400> 22 ttcatcgcat atggaattcg agctcggtac c

<223> Primdd:15 <210> 23 <211> 26 <212> DNA <213> Artifici al

<400> 18
atcacgcata t@bObLt 3@tz 6)

<210> 19

211> 30

<212> DNA

213> Artificial

220>
223> Primer-16

<400> 19
atagaattct tatcagecegg ceottcttizaa

210> 20

Q21> 44

<212> DNA

<213> Artificial

<2207
<223> Primer-17

400> 20
tacgaattct aaggagstta acaatgaget tagtagaaaa aaca

210> 21

211> 30

<212> DNA

213> Artificial

220>
<223> Primer-18

400> 21
taactgcagt tattagttec gaatatccca

210> 22

211> 31

<212> DNA

<213 Artificial

{2200
223> Primer-19

+ <400>

22
ttcatogcat atggaaticg agotoggtac ¢

210> 23

211> 26

<212> DNA

213> Artificial

<220>
223> Primer-20

400> 123
tteategeat atgtgtitec tgtgte

(6)

<220> <223> Primer-20 <400> 23 ttcatcgcat atgtgtttcc

27

30

44

30

3

26



