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DESCRIPTION D-AMINO ACID OXIDASE, AND METHOD FOR
PRODUCTION OF L AMINO ACID, 2-OXO ACID, OR CYCLIC
IMINE Technical Field (0001] The present invention relates to
novel D-amino acid oxidase produced by a microorganism, DNA
encoding same and method for%:gtduction of D-amino acid N
oxidase using a microorganidfiBrf&rstBinant having an ability
to Ro PHERF ADIRMMFT BBREC XAk Be MAT RaH manmﬁq:iepm;on OF L~
production metied 0f namine A6ith 2r8X0 G&IGEEYEICrifpine.
which uses D-amino acid oxidase. Crgss-_reference to the Related
Application (0002] is Full diSCi680f& of Jasditese Patent
ABBiFakion No. 2005-224505 (filed August 2, 2005) and
Japan@se: Patente Applieation Now 2006-119408 (fﬂsgeﬁprﬂ%ino acid
2008) .i ' cription, claims, drawings abstract js R
inco rrﬁ)sc’)%]act%gék?e%gﬁo%g %ef??e%%%% Jé%%écsk% r?)gﬁé Art C[f)éb%? Aséarln“
BTG ThethBd8 b7 T24MinG akid, Vatfbis onietheds $iidR ¥ using
extiactionjracednre; chemicalsymthetic hmethad, fermeptation o
ghethacks emzymatical sypthelic 25 meltggd @lelth%éﬁz;a;égf@l%‘%nt
The,extraction procedure requires a large-scale _ .
pprlt}rﬁ}é%tﬁ%)ﬁnofmg%gfg ﬁy% rEOT%S%Jté}so. SR8 arfind*Sci prodaged By tic
FicHfemithi SPnthete rietiotiis gerietaliy irtesform of a
racemates pyedueionR obasopicalyacive foun 3Q.Le0ules;an
ég%r}s!ive resolving agent, an asymmetric catalyst a_lr_1d the like.
he fermentation method requires a large-scale purification

facility'd5-ih he SRtPactioh Procé@EReSAcE He RésHERg breddetn Xo.
2RES adewssuncentradionzandds uhsuitable)fos tlae sypthesis ob 35+

ARQN-NALUrA AMIR0 agidss Thesepaypatical sythetic 1, 5446,
including description, claims, drawings and abstract is
incorporated hereintoc by reference.

Background Art
[o003]

As production methods of L-amino acid, various
methods such as extraction procedure, chemical synthetic
method, fermentation method, enzymatical synthetic
method and the like are known. The extraction procedure
requires a large-scale facility for purification of
protein hydrolysates. Since amino acid produced by a
chemical synthetic method is generally in the form of a
racemate, production of an cptically active form

requires an expensive resolving agent, an asymmetric

. catalyst and the like. The fermentation method reguires

a large-scale purification facility as in the extraction
procedure since the resulting product has a low
concentraticn, and is unsuitable for the synthesis of

non-natural aminc acids. The enzymatical synthetic
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method avoids these problems by utilizing an economical
biological catalyst, and can provide an efficient production method
at a lower cost. As an enzymatical synthetic method of L-amino
acid, s for example, a method including reacting racemic amino

maeidowith R-amine peid oxidaseds known, {09041 D:amine agithni ca1
oxiflg e (enzyme o.s[tEC%.4d3.3l)n|s an enzyme tha%%(édlzes

S
PBlaninG r5‘cidcl‘?lttﬁeypreéen(?e of 10 oXygen and produces h%Fogen

PBEFBKGHE CP-0R0 HEd, @rfd sarhfithiiacPsamino acid oxidase is
known.t0 have apyindusidallys usefsd actvibesuchias produstieon okcid,
b 20UARAELS 200 £ 049 a0l BY HieReSelectve QAN O anino
racemic amino acid, and the like. In addition, L 15" amino acid is a
2GSEfuf compOLITFES aZymithétic IAtF metliatBF8F pharmaceutical
brodudts and the like, and a sweetener. [00051 As

microgr:ggﬂggsQ&QQUQQQ&Q@N@@@Q@X&Q@S%g&f_og example; s an
Trigonopsis variapilis (Patent Reference 1), Fusarium oxysporum
*Pdlht Rétérehte D) tandids -t 8picaiis (NBn-PriteRt REIEENCRT
oxyand thedike mréukaowhy daebdof witich ehdgmes-was preified and
asndriselated- andthepropediesitheseokhave heen slarified.dn 25
. addition, asto the expression of D-aming acid oxidase, gene |
B e o fah s Sacsg genedh &
2T1iGBnBPSE AL iratRAt Retérehce HC FusHiuhy Sobaiidat ion
o (Patent Referenceod )z Rhodaterulahgracilise(Patent Reference, 5y, -

afrandida beidini (Ngn 30, pateny Reference 2) arg.known. For high

. production of D- amino acid oxidase in these transformants, in_

l%aerﬁ%%@éf ©a &t TG AR Srottici 4 eh2y At vitkigh 1+ ke

aincladey sitering ‘while suppressing expression, and then adding
phvinglpcer and the like, is known. 35 [00061 2

As microorganisms producing D-amino acid oxidase,
for example, Trigonopsis wvariabilis (Patent Reference 1},
Fusarium coxysporum (Pateni Reference 2), Candida
tropicalis (Non-Patent Reference 1) and the like are
known, each of which enzymes was purified and isclated,
and the properties thereof have been clarified. 1In
addition, as to the expression of D—amino-acid oxidase
gene in a transformant, that of genes derived from, for
example, Trigonopsis wvariabilis (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 aclid 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.

focos]
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As regards Candida intermedia belonging to Candida genus, it is
known to have a D-amino acid oxidase activity when it is in crude
enzyme solution (Non-Patent Reference 3). s [0007, Moreover, as

an enzymatic synthetic method of L- amino acid, for example, a
production-methaod bg=ansteteo iinversied feattdn;whergine Candida
degino acid is produced-py, seacting ragemic aminp aeidwith

D-amino acig oxidase, io amino acid dehydrogenase and an
“SnZyme haling a *Coerizye Fag8Rerating Kotivity “is Riowh °2 ~Fatent
RNor-Pagent3 References 4, 5). However, the methods disclosed in
None Patent References 4, 5 have problems for industrial

applicalion pecause It requirgs an.expensive 13, commergially - _
available enzymeé and a puriﬁeg enzyme fom a microorganism.
2NHDR) 2Fd SolvethiSHrokef, fér SEAAPRS Bometidd Comprigingtereo
iprepasihgrandeuituring adransfarmanthaving 20 respective §enes by
encadi 9% D-amine acid, oxidase; amineracid defydrogenasge, @i <.,
enzyme having coenzyme- regenerating activity, and reacting
TR Wit Tackihit” ARRRB AT B8 Give L ShfivGadia Ts RAodn
cFatennRefesmroar8). Accordingvotthe Examplesndddcribetkine2s:

rRRatent Referencesq, howeyer.dhe cancentrationofd:-amina.acid, yon-

roduceg by a reaction, using the transformant is aboput 25 mM,
ARG 1S Tow Tof A TAdUSral FroRUERGR PAtert Heforiibe TL

3PP B-62°50T6 7 S0 Patert REferéice 22 P 5591318439 Patent
cReference Bl yP2A63-73180eRPajer! Referenea: 4 EP=A-364245 from
=Patent Reference 5: W097/040171 Patent Reference 6:
WO005/090950 35 Non-Patent Reference 1: "Some Properties of

Petsfitome 3

To solve this preblem, for example, a method
comprising preparing and culturing a transformant having
respective genes enceding D-amino acid cxidase, amino
acid dehydrogenase, an enzyme having coenzyme-
regenerating activity, and reascting same with racemic
amino agcid to give L-amino acid is known {Patent
Reference 6) . According to the Examples described in
Pateﬁt Reference €&, however, the concentration of L-
amino acid produced by a reaction using the transformant

is about 25 mM, which is low for an industrial

production.

Patent Reference 1: JP-B-62-501677
Patent Reference 2: JP-A-11-318439
Patent Reference 3: JP-A-63-71180
Patent Reference 4: EP-A-364275
Patent Reference 5: W027/040171

Patent Reference 6: WO05/090850

Non-Patent Reference 1: “Scme Properties of Peroxisome
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associated D-Amino Acid Oxidase from Candida tropicalis”,
Agricul. and Biol. Chemistry, 1986, Vol. 50, No. 10, page 2637
Non-Patent Reference 2: "Characterization and High-level 5
Production of D-Amino Acid Oxidase in Candida boidinii", Biosci.
a Bigtechheki Biodhiemg 28014 Vok i85 3¢0.13; pagea Q¥ Nor-Pateta Lis”,

aReference3:4'Rroductien of DsAmino Api¢  Oxigtlaseshy, Candiday ,
trogicgéi?'%, J. Ferment. Technol., io 1977, Vol. 55, No. 1, page 13
PRion-Patent Reference 4: "Enzymatic Conversion of Racemic

N pfetRntae & fie EsRsantiome LR 'Clvémr Soet CHemrE€dhhmumnt evel
21990,-Yobrl Y pagerdd Adan=Patent iRefesenee SarlbAzymplGdinii”,

B§¥@@?SI§BQE%@@M§inteémgg@%s forZQ&apa}ng‘F’ 2 o, 3 5 page

antihypertensive drug”, Biomolecular Engineering, 2001, Vol. 1
665ge 167 Disclosure of the Invention Problems to be Solved by
N the- BventionR {0309 :20=D3amivkr acidagxidase Dblainedniw the 1 ¢

oRieseM WG@QQBii%@nteﬂ}?@/{'&%ﬂl%t@x@q.ze?QMBQ %@}%H‘E ,

18gs7s’en\;:cg-:‘ic.)f_%)%ygeNnCS _anﬂpré)aduge% %hydrogen perq>_<|de, 2- oxo acid
and’ammionia. Moréover it§ ausetul enzyme utilizable for a

N 8ter86 v sior: reerction [y whiche 2B 3aéemicamfing el s Racemic

nguanttatively-eorvarted t.knamufe acid via keieracid o imioem.
cAgle, by using P-agine add gidase apd amino acid
dehydrogenase;, or amino aci 1 dehydrogenase and an enzyme
NREVINYCE BoeRZymeSregRnerating a¢ity: ©36 (OO0 T6 AR dbjectivFral
i thes preserd ievention iSte paovideznovelra Braminoacidsoxidase. drug”,

zinaddiion ap abject.af. the presentinvention isto ¢ladfy the;
amino acid sequence qf the D-amino acid oxidase and the base

35 sequence of tha*F&He SHPpRNidE e MRYS8iy:Rsm or 4

Problems to be Solved by the Invention
{ocoo]

D-amino acid oxidase cbtained in the present
invention is an enzyme that oxidizes D-aminoc acid in the
presence of oxygen, and produces hydrogen peroxide, 2-
cx0o acid and ammonia. Moreover, it is a useful enzyme
utilizable for a stereo inversion reaction by which
racemic amino acid 1s guantitatively converted to L-
aminoc acid wvia ketec 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.

[oo10]

An cbject of tThe present invention 1s to provide
novel a D-amino acid oxidase. In addition, an object of
the present invention 1s to clarify the amino acid
sequence of the D-amino acilid oxidase and the base

sequence of the gene, and provide a micrcorganism or
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transformant having an ability to produce the enzyme. [0011] In
addition, the object of a preferable embodiment of the present
invention is to provide a transformant 5 that highly produces
D-amino acid oxidase and simultaneously produces amino acid

defydragrnase rand a0 eAzymeNayng @ goengyme-regenerating
zﬁtfi)vit [0012] Moreover, the present invention provides an io
itie production method of L-amino acid, 2-oxo acid or cyclic

imine, ¥whigAdtitizes thé Bbove B-amind acie rexidase be thebodiment
cabavestranstosmaninMeansof Selving the-Rroblems 0013} is I«
view of.the,above-mentioned problems, the present inventors
ti.solated gn@p%rﬁ?eg@}) b- Smﬁloa%éfao Xt aé:,eo ForPEandia

Sinferhtédiac Hénieved8afion Bt ibrammiciadieroxddass yene ammhd an

egxpressiorvitrg hest srictgarganisianand prepareeka rapsformant
pavinghigh 20 activity. In the case of D-amino acid oxidase
obtained _in the present invention, high production was possible
even WRER B fAnsformait Wi EultdrBEwHSUERING 8 fnédns
edddlv assuppression of mxpeassion cddditien of @ne indycer-anebthec 1 4
olikes By feacting: withiheckacemic 2a.aming agid, Rsaging Acid , . ; 4

oxigase obtainhed in theé:)rgsent [nvention, solely or in combination
OoXidase or Ef?%??\ ransrormant . S
with an amino acid” dehydrogenase and an enzyme having a

coenzyme- regeM@aBngHEti¥ry g udienisfcbédraacid or L-
bmiingJacid has been enabled, which resulted in the 30 completion

of the pregeat,inventign. 10QL4l the pregent inventprs have, |
further conducted intensive studies an prepgred a transformant

PREGTY " ‘DY Aci TXidASE 08RG, BHA FEspeCtvegenss acid
crhéeding3®antinodsich dehydrogenase ant aswenzyme havingna o
Doamino acid oxidase gene and expression in a host
microorganism, and prepared a transformant having high
activity. In the case of D-amino acid oxidase obtained
in the present invention, high production was pcssible
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 Z-oxo acid or L-
amino acid has been enabled, which resulted in the
compietion of the present invention.
[oo14]

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

amino acid dehydrogenase and an enzyme having a
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coenzyme-regenerating activity. In general, a transformant having
plural and different enzyme genes is expected to show decreased
prouction volume of each enzyme, as compared to transformants
independently s having respective enzyme genes. Surprisingly,
hanevers -theydamesfoung that,iin i preferablg-embediment of the
dreseRbivention. g fiansiounant hayng.aDamino agid, gxidase. s
gene, and %enes encoding amino acid dehydrogenase ahd an

CRAMIE havihg A VOt FhTe b R atng Acifty 8Fows #rch
snereasetkactnitypeatae for onezcuturenmedium of E&ramira acid

rxidase bynatclessdhan Akold as.compared (o astransformant e -,

having a D-gming aC}I]d oxidase gene ?Ione corresponding to

X Renfioned below). Ts FOBMHersto iR ORitATRgaRf the

xample 12'men
Boed trahsfornfdritifaving at Draming aeitt okittase yenePand bne greid
Jnote gengs:of, palypeptide hayving a:diferant enzymesactivity from
dbay i foamine aqid axidass (5,9 Aine;aqid denydragenase, 20

and coenzyme-regenerating enzyme), an Tmbodiment wherein
HHECAGRALY OFD - Hminb dcid YxiteseematRedI§Ifceasetiigsty value
feompared-to autransiermant bavinganDsamind acigk oxidasecgens ¢

1/90e-is not kpowtk Fror example, the aforementioned Patent, ;o o
Reference 6, (WO05/090950) does not 25 disclose an embodiment

“WRETEIR tRE 2ttty & BaffiRG AdiG tkidSSF bF &RMAHIM&RAL
EravinggenesrerDiamid Eeidexidase, amino acid
fdehydnogenase, and an enzyme having a coenzyme-regenerating

activity, increased as compared to a transformant having a .
D-amil%l%réecg %0%: dseWJS%}%é‘ﬂr?g%Fodie%Toﬁlé]rafhsepf%@%’aﬁ Rgving a
DaBBvé-mémiched frapsforafit Radngtespéctive §edes Shows a

premparkably: impeovetbDa atline acic: oxidesenactivity asiegmpared that
o 8 3hlransformant paying.a D-agino agid gxidasg 9ene Alone. B ..,
and coenzyme-regenerating enzyme), an embodiment wherein
the activity of D-amino acid ocxidase markedly increased
as compared tc a transformant having a D-aminc acid
oxidase gene alone is not known. For example, the
aforementicned Patent 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 cxidase, 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,
[oo1e]

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 coxidase gene alone
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was found by a special attempt in the present inventor. Moreover,

an efficient production of L-amino acid has become possible by

reacting a transformant having genes of D-amino acid oxidase,

amino acid dehydrogenase and an 5 enzyme having
weeezymed-regeneratitg aétivity; svhith is: obtainedeinsa:preferaigor .
wsmhogdiment of the-prasent inveation: withgacemia amin@atidhas
bwhich resulte i?[ t%e c?rgéa(lj%t__it%n og t ergreslgg; in\éetnt'&(l)gl{r (310171enes

Tﬁ%‘ceco%ﬁsgfy, he &esent invention has the fé?ﬁ)\?Vlng one or °
cpluPakehRaractetistice® 1) CRe ot THe ehardcieAsticEisrmersreteand an
e HEALORA ais:a& pobpepiide-derivachrort Cagdidacintermediaranth is
oB%!TQé%EE%”E”%9&%&9§99éeé%%WH¥m@@%tha%H¥3ﬁ?%fent

_following physicochemical properties: (1) molecular weig .

* Rite&dIar wefghtaBa 52068 Tholedttr weight bf SG5tit abodt:

t42,000np(29 range of operative temperaturs:20demperature range
P(g&el 20C - 60C; (3) range of operative pH pH range at least 6 -

10.5. é{%One of tfie characteristics c%f the Vpresent irp/entigg is a
polyp5tids 8f e #lowiiig {A5 16 6r &)Y 28 (&) A polypéptide

fhavingithe amhocacidlsetuentesstiovid ihSéqdence Listing SEQ

D Nfelo(b) anpolypeptide diaving ap amginoracigd sespefCenvention

s Wherein, one ar afew aming acigs of the amino acid.seauence, ,
shqwﬁ iInSeduence Listing SEQ ID NO: 1 are substituted, 30

DihseR@d? dBletBd Hhdi6r 2d@8d S4r7E hating’a BantinoCBci2s the

rexidaseractivity s} ecpelypeplide having: ar amino acid sequence

(having.a homelagy;qfinot less than 69% with the amino acid
sequence shown in Sequence Listina SEQ ID NO: 1, and 3s

MR&GIRYE D-4FHG AP SXidasa Activity. 7

molecular weight of subunit about 42,000;

{2) range of operative temperature

temperature range at least 20°C - BO0°Cy

(3) range of operative pH

pH range at least 6 - 10.5.

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

() a polypeptide having the amino acid seguence shown
in Seguence Listing SEQ ID NO: 1;

(by a polypeptide having an amine acid seguence wherein
one or a few amino acids of the amino acid sequence
shown in Segquence 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 seguence having a
homclogy of not less than 68% with the amine acid
sequence shown in Sequence Listing SEQ ID NC: 1, and

having a D-amingc acid oxidase activity.
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[3] One of the characteristics of the present invention is a DNA
encoding the polypeptide of the aforementioned [1] or [2]. [4] The
DNA of preferable embodiments of the present 5 invention is a
DNA of the following (d), (e) or (f): (d) a DNA having a base
[ sequerce shown infSeguence. 1isting SEQ IR NOe2e(e) a DAt ion
; aying\a base seauenceWherein ope afa faw thases et theshase ned
Eequencezcﬁhown in Sequence Listing SEQ 10 ID NO: 2 are
[&dbsthutes , iInserted, deleted and/or added, and encoding a
[ polypeptidihaving asd snbradidioxidass activity ffpafRAs Rt
; having:ahase sequence:havirg adiamelagy afdnot less than 67%

(withathsﬁéﬁ%%%%e@ceﬁ@lgwg4@&&%@9%@% Listing.SEQ,IR

NO: 2, and encoding a polypeptide having a D-amino acid
Léxithse attivity J[5] One of the characteristics of the present

(yveatioN risha recambirant plasmidobtained by insentingthe DNAwW
»otthe aferementioned3loc [4ldntora yectar. 2046LThe risting sEQ

recombinant plasmid of a preferable embodiment of the present
hvBRbort isaé?eéé%%ﬁfaﬁﬁ‘{)tpeféjémfdl“T’/ﬁﬁrécr%?grifa ﬁteer?co%?ndg/%r 'added’
apdlypeptidé havingpa’different den Apférsttivity fritd Thaffing oe¥d dase
aexidase{s additionally inserted into a vector. 25 [7] One of the

(g}afs%iﬁst'&%asvojf&heapfga%@t iy ag%eis?}%gafogmo%@ipegf
y transforming a Rost microorganism with the recombinant

nplashfid of thé "afbrémehtibneBS5P I8FATF B AbR RBUYIMEBNt of
stheupresent. inventignas 30 tha transformmantzof{Z} intp which a

pQpr@BQQQi@_gh%ﬂg!gpgp%d%a%mga%q&ngxm@gt_i\awtqtbgman
that of D-amino acid oxidase has peen additionally introduced.

ol O of the BRatid RSt orthe PreRant fiveRfian °fsa methad ~ ™
ief procecimg Dramine aernéddase 235 cdniprising TohiiriagEhe PNA
omigreerganisarhavingamabiity & (41 into a vector.

[6] The recombinant plasmid of a preferable embodiment
of the present invention is a recombinant plasmid
whersin a DNA encoding a polypeptide having a different
enzyme activity from D-amino acid oxidase is
additionally inserted into a vector.

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

{81 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-aminc acid oxidase has been additicnally introduced.
[9] One of the characteristics of the present invention
is a method of producing D~amino acid oxidase,

comprising culturing a microorganism having an abillity

8
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to produce the polypeptide of the aforementioned [1] or [2],
accumulating the polypeptide in the culture, and recovering same.

[10] One of the characteristics of the present invention sis a

method of producing L-amino acid represented by the formula (2):
tB\ f20RHdY (R} Nb2whereia R presentsa fekr2falkylgioup] or

tionally _having. substituent(s), a C7-20 aralkyl,gro tionall

o ) o BCE B T et Db Rt =
*Sisstitdent{s); ¥F2-oxo acid represented by the formula (3): R
[COOHrY @) Orwheteirn R-representssas definedaboven whielvention

1COMPises 15 Leactingthe palypeptide of 1he afor oneth[ly tne

or [2], or a microorganism having an ability to produce the
£86RB&ptidé With a racemic amino acid represented by the

mul&OPHR\ /COOH 1Y (1) NH2 20 wherein R represents as
F(tiéefi(gefabove. [44] One of the characteristics of the present
invegtion is a method of producing cyclic L-amino acid

represzented by the formula (5): COQH R'H (5) 25 9 wherein R'

visex €207 RlIBARhART B pfiodaly nading* StibsttteRy sy Rorie edlicy
niminegepresentedayithe) , a2 €7-20 aralkyl group coptionally

having substituent{s), or a C6-20 aryl group optionally
having substituent{s), or 2-oxc acid represented by the

formula (3):

R COOH

Y 3)

O

wherelin 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

(1)

NH,

wherein R represents as defined above,
[11] One of the characteristics of the present invention
is a2 method of producing cyclic L-amino acid represented

by the formula (5):

COCH

R<§7// -

H



tn

formula (6): COOH R K (6) s wherein R' is as defined above,
which comprises reacting the polypeptide of [1] or [2], or a
microorganism having an ability to produce the polypeptide with a
cyclic amino acid represented by the formula (4): COOH R'~H
wid)He wherein R' is as defined abovies 12l Qne ofthe y naving
Sbic bR SR U e
L-amino aci repr’esented%glt & formula (5):%%956 ﬁ( 23 ©
LRI i2whérein R represents a C1-20 alkyl group optionally
having sdfestituent(s), a C7-20 aralkyl group optionally having
ituent(s), or a C6-20 aryl group optionally having
sypstituent(s) {&hich comprises reacting, in the presence of an
amino acid dehydrogenase and an enzyme 20 having a
wbeeazyma- regeneratitwf activitys e polypeptidec ofhfl]ior4 2], :0rct ing
£ FUCEQOTgRRISEY havigg an ability (@ produce the pebeplidewith 2, : g
R ra%%n’_ﬁ;:.%leooaglgor%Q:rgsggged t(gy the fgcrmula vﬁl?::hR\ /COON Y
(17 NH2 28 witefeis R represeniad BERned above” [£3) Tite bF
2¥HE BharacledstRsoTahestesent e htionule is 4 'method of

produci@©ytlic L-amino acid represented by the formula (5):
”C;QQiH R'

N (4)

H

wherein R’ is as defined above.
[{12] One cf the characteristics o©f the present invention
is a metheod ¢f producing L-amino acid represented by the

formula {2):
R COOH

T e
NH,

wherein R represents a C1-20 alkyl group optionally
having substituent(s), a C7-20 aralkyl group opticnally
having substituent(s), or a C6-20 aryl group 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
cf [1] or [2], or a microorganism having an ability to
produce the pcelypeptide with a racemic aminc acid

represented by the formula (1):

R COOH

\\T// 0

NH,

wherein R represents as defined above.

[13] One of the characteristics of the present invention

10
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~ (5) N wherein R' is a C2-7 alkyl chain optionally having 5
substituent(s), which comprises reacting, in the presence of an

amino acid dehydrogenase and an enzyme having a
coenzyme-regenerating activity, the polypeptide of [1] or [2] or a
mic&_oa&g@&bﬂnc_ha_vﬂﬁ%aﬂc&bi&ty@c@@%Qea‘iﬁ%u%owl%@@t@%é@@saented
bc}ycgg gn}lggm%_q% io ggpresented by the formula (4): COOH _ N
(4) wherein R'is as defined above. [14] One of the characteristics

of the pregepiinvention is a method of increasing a production

| t of D-amino is acid oxidase, which comprises transforming

a Ngst microorgggism with a DNA encoding D-amino acid oxidase
antia DNA encoding at least one kind of polypeptide having an
enzyme activity different from that of the D- amino acid oxidase.
W@ FESJrORE of the chardctefistids ohthienpresent imventionaisiag
sﬁ&@@mbjaam;pl@ﬁmidzg%&%@&g@i@%‘é %g%%{iﬂg ) HQldeE%%“de

ving a D-amino acid oxidase activity. and a DNA encoding a

p%%@ﬁgﬁﬁ d eoaﬁzé\a/flngagﬁ" en z??nledagt?\%‘tﬁé GRRTRAT froRT that DTS Yo
hBYamhFaditdxdase as TB mseficrefraginents, ywhicheplasagept ide
oshdws asrimiroved progiiction apauskohR-aminaacigoxidase « .

pas compared 19:2 gecombinan) Alasid.gontaining any a DA
encoding a é)oigl)ypeptl e having the aforementioned D aminG acid
ity &

* BRibE8& i ST N fragfient. 30 [16] One of the
haractef¥$tids of the present invention 11 is a transformant
obtained by transforming a host microorganism with a DNA
erﬁoding a polypeptide having a D-amino acid oxidase activity
and a DNA encoding a polypeptide having an enzyme activity
YHRfePdAL ROMLS @s 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 enccding D-aminc 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 cxidase activity and a
DNA encoding a polypeptide having an enzyme activity
different from that of the D~aminoc acid oxidase as
insertion fragments, which plasmid shows an improved
production amount of D-aminc acid oxidase as compared to
& recombinant plasmid containing only a DNA encoding a
polypeptide having the aforementioned D-amino acid
oxidase activity as an insertion fragment.

[16] Cne ©f the characteristics of the present invention

11
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s that of the D-amino acid oxidase, which transformant shows an
improved D-amino acid oxidase activity as compared to a
transformant transformed with only a DNA encoding a polypeptide
having the aforementioned D-amino acid oxidase activity. io [17]

1Qng of EQQQ@E%@HSB%&QH&F’ _em-m\ﬁrgm@am@m of
rr{),roducwrl%;?aD,—amlno, ggld o>§g se, which comprises culgtu,rlcglﬁg Epe )
FEASBFRARt ST 161" Actuilafifg -ARTng duid dRitRsedh 4127 +n9 2
Deudlwire® and i recovetingssarié 1is18] Ok of thticlraraettistics of
dbepresent nvemionyissa methedofproducing therferent from
(qforemengipned L-amino acid, repeesented by;the formula-(9) or
the aforementioned cyclic L-amino aci re'presentedr By the
SforintilE [5) WRRASCompAted feddinty fHeltansformant bF FLE]S
awith 20:=thetaforementiofiedxacemic antino acidirepresentedyby  Dia

Jhes farmula (1) or the aforementioned cyclic AMiNALACId s ned p-amino
represented by the formula (4). [0038] Other characteristics and

e ffEc8RErett ot "25 Yhe present invention can be clarified by
[thelfollowing embodimentstatd dawingsf Effeetsoofthennvéntiention
1©03% Jhe-present inventionsas. the aforementioped3, which
Sonstiution. and can prodyce noyel D-aming. agid gdase

eftﬁ%lently. oreover, L-amino acid, 2-oxo acid, or cyclic imine can

A& eficiéfity Brotiiced By fifFAing* i Brarhing atidldxidase 61%a
risansformant osmaicroorganism that produces the D-amino acid

[@sdasg. 35:(0040] 12.Inpreferable emhodiments ot the present ¢ ; o

_invention L-am;no acid can be+eff|C|e{[JtIy produced b%utlllzmg a '
L FaRsfBFAnT PTSAEGRG T-5hfin0 Heid DXIdHse” bhodifitha dtid »e 2°id
ré¢ehydrogendsearthan erzymiehdvingea cobrzyherementioned

cyclic L-amino acid represented by the formula (5),
which comprises reacting the transformant of [16] with
the aforementicned racemic amino acid represented by the
formula (1) or the aforementioned cyclic aminoc acid
represgsented by the formula {(4).

[oo3g]

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

Effects of the Invention
{co39]

The present invention has the aforementioned
constituticn, and can produce novel D-amino acid oxidase
efficiently. Moreover, L-amino acid, 2-oxc acid, or
cyclic imine can be efficiently produced by utilizing
the D-aminc acid oxidase, or a transformant or

microcrganism that produces the D-amino acid oxidase.

[cos40}
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S regenerating activity. According to such preferable

embodiments, separate cultivation of transformants that produce

respective enzymes is not necessary, and technical problems in

that a large amount of a culture medium is necessary since the

KNOdUQHO%nggﬁyﬁﬂé)g&@@@@ﬁéﬁﬁl0§pa§§éﬂ§¥gggﬁt inventicn,

insufficient depending on tpg kind 1<:)%§éacemii§ amigqbacidtasia .
Lidattin Sivstratdrand the fike Gan b fssoed: Brief Description® °
tokthetDraWNgSHFRE U Fig. Pshiowpticéshstiticivicof an amino
arecombingat dg Plasypic-pe DAORS, coRtaining &p-amineagighe -

oxidase gene_as an emhodiment of the present.inveption. [Fig.
kR A e
PRI AERY 0XIBRES start BribodimEtit of the PreSéRtiehtion?=*"
p204kite 3} Hg2 islagraph showing the relationshipr (inckuding
-aptimal tamperatue)betwean.theoperative temperatiyre,apd 1 ture

relative activity of D-aming acid oxidase as an embodiment of the

mErEdEht iiverition SHY. 41FG° 48 % §raph Showingthe mt °f P~
arglatiorship 25:(ideladirgeoptinal pr betwedntlhe GperatiapHn the
xand refative agtivitiaefi D-aningiacid axidase asan Lipbediment and
f the, present inventign. Fig.. 5] Fig. 5 is a graph showing the
tgeﬁaﬁc%nasﬁwiﬁaangladfngsfe%{ggﬁatgre stability) between the treated
30 temperaturBHrRIEr R RFAIRIVRY AD-5RfnBZaNd BRRlase as
Bﬁi@pbmﬁnﬁtj p_f the pmmﬂeyera%:: Lh‘d:gi%Figf Grisagraptant
-$1Qwing theyrelationshin .(nglyding pH.sfahility) betweendbge gene

treated pH and residual activity of D-amjno acid oxidase as an 35

3 EN O ARTRAE OF B preset invaritRit 13 TE37 71 By, 7 shows the
Eenstruefonfafgrecembinant plagmichpFTRBDA gontadnling arelative
+2-aming agid oxidase gene; «a lgucine dehydigenasesgenerand the
pggggmgteiggg%qcrgggpase gene as an embodiment of the present
[Fig. 3] Fig. 3 is a graph showing the relationship
{including optimal temperature) between the operative
temperature and relative activity of D-aminoc zcid
oxidase as an embodiment ¢f the present invention.

[Fig. 4] Fig. 4 is a graph showing the relationship
{including optimal pH) between the operative pH and
relative 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 inventicn.

[Fig. 61 Fig. 6 is a graph showing the relationship
{(including pH stability} between the treated pH and
residual activity of D-amino acid oxidase as an

embodiment of the present invention.
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5 invention. [Fig. B] Fig. 8 shows the construction of recombinant
plasmid pFTPBDA containing a D-amino acid oxidase gene, a
phenylalanine dehydrogenase gene, and a formate
dehydrogenase gene as an embodiment of the present io

[nventiony [Fig. 9 Fig. 2 shows,theconstruction of reeombinapt »an
Iasm,lg pETLB containing.a leucine dehydrogenase gene anda_
Pfotmate d%%yﬁroger?é’sne géene'ad an embodiment of thé presenfI !
ainyentién 15 ¢RIy 10% FiG SE0 8Rews thetohshertion of
skecpmbinant plagmit pE P centadning=m phemylalanip@ e sent
i%%h dtrgggpase gene and a formate dehydrogenase gene as an
embodiment of the present invention. [Fig. 11] Fig. 11 shows the

EBhstruélonTrrecBnibheait Docplashid PSTNDA ntamfingatrant
rDaaminDd acitratidase geatrds: @cembodiment of theoplesernt gene,

aingfﬁewr_:aa@gﬁ&l\{@d@e@@BQgMQQ therlovention J0p42).The
present invention is explained in detail in the 25 followm%g%/nt

AP T BRETPIES Tife 88058 0F the “BresBht inventibnis hot
ikmited byrthe embodiments and Examples. [0043] 1. Polypeptide
g@ﬂ;h.e ?PWI@%@_}!S%&%}?&@W?Q@@@HE9&%%@@?1%% ipy@gmrﬂ;iz%nt
rst explained..The eptide_as an _embodiment has a D-amino
P A e adAce SRy Tl o Characieraed by The Tolioang © o
2pRySicSCHERical ISRPRITES ™5 §) Effakt #4 IEOXIERRSDRRRNCT the
paeiddn the presenee. of oxygen to produce 2-oxo acid, hydrogen

PEE%X.id%of}“dﬂ@m%iam@d!o@?g'ai JHEIBNE MaleGUIE WeIGNT 4 5 nane
p?a%%g%ségggB containing a phenylalanine dehydrogenase
gene and a formate dehydrogenase gene as an embodiment
of the present inventiocn.

{Fig. 11} ¥Fig. 11 shows the construction of recombinant
plasmid p8TNDA containing a D-aminoc aclid oxidase gene as
an embodiment of the present invention.

Best Mode for Embodying the Invention

foo42]

The present invention is explained in detail in the
focllowing by referring to Examples. The scope of the
present invention is not limited by the embodiments and
Examples.

[oo43]

1. Polypeptide

The polypeptide as an embodiment of the present
invention 1s first explained. The polypeptide as an
embodiment has a D-amino acid oxlidase activity, and is
characterized by the followling physicochemical
properties.

1)y effect

14



10

15

20

25

30

35

s molecular weight of subunit about 42,000; 3) Km value relative
to D-phenylalanine about 1.7 mM; 4) Range of operative
temperature temperature range at least about 20C - about 60C, io
optimal temperature about 40C - about 50C; (The temperature
range rature range, in which an enzyme acts

meags,g lemperatre ‘
preferably, "and the opfimal tefperaturemEafis B ferfipéiattre, afyoen
YWhiBR efPE8zyAmesets Thdst prederably. Thisenzyme afsh actsatia.
a) temperatuter2s otherithan the above-mentioned temperature

range.), 5)Range of ope %tive PH pHyange at least about 6 -
about 1(03.56,5 optimalwpeH a outaS.%u-Qagc%’é?@ (The pH range

mean<™8 pEFrarige, 1R YWHikh ah endyimeé actab20 préfraBl; and
1heoptimadlipH meéans agpH catiwbickhrarn Lnzyne acts most
preferally,, This enzyme also acts at a pH other than the

ned pH range.) 6) Temperature stability stable at

@b%/aeémg ntio
0C b1 f6sst - 285 T &taniilty Sa51R “t5H 7.8 - 8.7; 8) Specific
activity: ¢theeeresyumre amrogd that pieducestomol of ydrogerut 60°c,
croide i guinds definedas L uid 44 8y0it3gEer 1 mg of

RYIE enzyme. 010044] The D-amino acid oxidase of the .
(embodimeﬁt% ﬁgg,%‘gr example; e ﬁlo%irﬁﬁ Hifsrent propafies™™
"3s EBniar&d 25 6theF B aRfifs aErPoxidased. (E)Tve bptindal
trempperaturesanc optimal pthihereahakg 3bcdifferent fiomdthosgof st
rigzaming.aeidgddase of Fusanym, 15 oxysporum

JII?-At-g]fJ:-318a439 having an opt?n?”lnal terl%e%tlﬁsé %¥ 30 -tfér@%%%ture
&N Sptimal pH BF 73 BS (B Phe fRnie SREERIrE 7€ dRfHEAL from
Sthat ot D= arfiimracidtoxidaseiof Trigonopsis variabilis (JP-B-62-

pH range at least about 6 - about 10.5, optimal pH

about 8.5 -~ about 9.5;
(The pH range means a pH rangs, in which an enzyme acts
preferably, and the optimal pH means a pH, at which an
enzyme acts most preferably. This enzyme alzo acts at a
pH other than the zbove-mentiocned PE range.)
©) Temperature stability

stable at 40°C or less;
7} pH stability

stable at pH 7.8 ~ 8.7;

B} Specific activity (the enzyme amount that produces 1
umol of hydrogen peroxide in 1 min is defined as 1 unit)

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

{00a4]

The D-amino acid oxidase of the embodiment has, for
example, the following different properties as compared
to other D-amino acid oxidases.

(a) The optimal temperature and optimal pH therecf are

different from those of D-amino acid oxidase of Fusarium
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.5 501677, JP-A-63-71180), which is a homo dimer structure

consisting of a subunit of molecular weight of 43,000, and the

amino acid sequence is also greatly different (amino acid

sequence homology 31.6%). (c) The enzyme structure is different

from that of D- 10,.amino acid gxidase of Candida boidinii (Biosci.
B! Bchor 000 Ng). (o K5, TageBora estperature
JO0tP Vol 4865 page B2 Drwdich.isedl nednomer -steucture with a
moleTukaraweight of 88.000; and thes aminoacid segrenge is alsoy
Sreatly different (amino is.acid sequence homology.60.1%). (d)

S'I{'}he enzyme structure is éﬁfeﬁéﬁt%&%stﬁat of %%gr/ﬁtinﬁsaci)g S )B 62-

oxiddde of RHbdbtorila §Pacilie PAVOR7/G4G1L PEmPretEhe T structure
@Xpréssioncand parification, t1998, Mol e 14,1 page <289 whichi is a oo,
-hemerdimer, s{ricsurewith a.molecular 20 gv;eigtlg%ftijyyoé@féggent
,tggi%rglnaocglgldsse uence is alsq great%dlf.ferent amino acid
‘Sequence homology 28 D9h ™fe)°Bie amifé acid sequence is
{Greattysdiffe et froth Tkt of ©-amidd abid-exidasewxf Fusariust D-
asglasi (35‘236452&%@@5_ fa;caiel é@f&lhleﬂ@h@ @9;&51'0%;2%9%3- 25 (f)

e structure js di t from tha - amino aci
ngi%%}e%{)gldar%dyigﬁgom“iéalifésa(SEAQg’ric%n?lané %ioi\‘.OChe?’miéfﬁ/g, 9986/ 7
Y961°80, KC 40, page 2637)Pafisich3d A moribater structureowither
stroleculaeweight of 891600130 [0R@45]hthe thamptagy” iR the +he

aembodiment cag hedetermingd using amethad well known ta
athio esof Qrdinaryhskill in the art, sequence anafy3|s soﬂwalge and

& like. RS AR S eX3Mpte Aérd, thé Homology search of GENETYX
(Yer TP 85egenatic infornsatiors processinteseftware/Windbws of b-

=NMEFSIOR 6:131 (méaﬂgm_uad Q)é&iélﬂgﬂm& CORE 9@@‘?—'@5‘% WA 0171;
L UL R A e B SN, S,
289), which is a homo dimer structure with a molecular
weight of 41,000, and the amino acid seguence is alsc
greatly different (amino acid seguence homoclogy 28.9%).
(e) The amino acid seguence is greatly different from
that of D-amino acid oxidase of Fusarium solani
(EP364275) (amino acid seguence hemelogy 29.0%).

(f} The enzyme structure is different from that of D-
amino acid oxidase of Candida tropicalis [Agricul. and
Biol. Chemistry, 1986, wvol. 56, No. 10, page 2637),
which is a monomer structure with a molecular weight of
3%,000.

[o045]

The “homeclogy” 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 homclogy search of GENETYX Ver. 7

genetic information processing software/Windows version
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5 activity of polypeptide, hydrogen peroxide produced by the
reaction can be quantitatively measured by an enzyme method
using peroxidase. Quantitative measurement of hydrogen
peroxide is performed by an enzyme method as follows. 10 [0047]

lution i iately diluted, mixed with a
i S Aething B0 R0 BEC BheApRIAAE, 0.80

th# 4¢dminoantipyrine, 1.31 mM N-

Bthp-M=(2rhy droxy-Fsuliepropyd snvtoluidines ywu/ml 15

peroxidase (manyfactyred by JOYOBO Inc.). and 50 mM, ,
Tris-hydrochloric acid buffef (pﬁ%%)%ta 15, and ?gé&%daaﬁ%f ¥idase
F6r 36 mhih. ThePRostibRhEE St 555 iMGs miakerédeams tfsiced by
tdrhouArcthydrogen peroxidenproducedes in/thesteaction Mixture isnzyme

quanifiedhasedan the 20-analytical curveprepared in advance. .

hlnalhe eergbo%im)ent unless otherwise s ecifieq, this methoghw?is
dsed o assay the D-amind acid bridase’adiviy fofys)ngthod as
IickB8fganism 25 The polypeptide of the embodiment can be
dbtaangd from a microorganism having a D-amino acid oxidase

activity, \Wihyle fhe R-amipoAcid oxidase {0 he used in the present,
invention may be derived from,animgﬁ p?gnt or rrﬂgroorganlsm,

YOHRE dRriGEa T Hicrodigriem 930 pretérsblé forthdestrial

phisa.y [00491i Exampléd ohthel racroocganispykaviag an abiliutoy -

=REoduce D AmiRg-acid oxidaserinelude known, microprganisms, -,
having an abile';t%/ to r%rodtuce the enz Cr)ne, 35 such‘as Arthrobacter,

PRSperc fdidacEhypttoteus, °1 Pk ifaria, BEphiQa™

spergi ?uss% Can

Trasahur eibberella, Hardehufs eKloarkefa, (Kluyveloryces,d
rhedrespara, Phiehiag Rhadgsporiditin, gg@@‘%@éﬂ'@e at 555 nm is
nSPOIQROoMyeS, 1U92NGRSIS: Jeerfighium, and Yargwia and the
igk%he reaction mixture is guantified based on the
analytical curve prepared in advance. Tn the embodiment,
unless otherwise specified, this method was used to
assay the D~amino acid oxidase activity.
{o048]
3. Microocrganism

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.
fooan]

Examples of the microorganism having an ability to
produce D-aminc acid oxidase include known
microorganisms having an ability to produce the enzyme,

such as Arthrobacter, Aspergilius, Candida, Cryptocoeoccus,
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5 [00501 Of these, microorganisms belonging to the genus
Candida, more preferably Candida intermedia, are preferable,
and still more preferred is Candida intermedia NBRCO0O761 strain.
10 [00511 The microorganism that produces the polypeptide of
Cthe enﬂbodime@,t max ,bela wiLd strain of the  aforementioned
Microorganisms. 6F animproved Mutafit Straif SFRé riutalht &M 12
Kt bé produded Byr Avethod is Walltarovar to tidsecbiierdinary
rekill s therad,; sech @§ddyﬁﬂﬁdﬁmpnSg?ﬁéﬁﬁﬂﬁﬁyﬁégﬂ]@xigonopsis,
fical agent.such as N-methyl:N'-nit
e i s TN G5 e ate (EMS) and
. [00521 20 The medium for cultivation of a microorganism
that ptgdudessthe pdlypeptide of thes presentdavention isROtganus

cRardeularlyimited asdang,as the_micraorganism can: grow, for

example, a usual liquid medium containing carbohydrates such as
PIEic658 and s\ i858 FaltonBRI SudH 35 Hs & Ransl gﬁa Hhyterol,
ifatyarsds subk 26M0léic adidaand stearic acid, or the esters
thereof, oils such as canola oil, soybean oil as a carbon source;

ammopjum_ sulfate, sodium njtrate, peptone, casamino acid, cor
oo Mo oA That o SRRl 08 M aB SpE o e of
ChRitrotRRcSHTRE “nTaRineRfur stiifate, Sodidm cHlofde, calcium
aCarbenate idipetassilmadydragens phpsphate; pPetAsskEA mutant

sdihydrogen phasphate and the like as an ig@&%géagyaed@eggod

extract, meat extract and the like as other nutrient source can

“Gded. 3B 105FL 18 WMbredverfa ShdiFamblnt of & dubitaide thigch
agnRandes it productiontof:D-@nsinbracid oxidase; stichas: amindcal
ageighor areinoacididedvativepanalsogadded o dheani gine (w16,
<ERNGeation of.such, sybstanoe that gnbances fhe

[0052]

The medium for cultivation of a microorganism that
produces the polypeptide of the present invention is not
particularly limited as long as the microorganism can
grow. Fer example, a usual liguid medium containing
carbohydrates such as glucose and sucrose, alcohols such
as ethancl and glycercl, fatty acids such as oleic acid
and stearic acid, or the esters thereof, oils such as
canola oil, soybean oil as a carbon source; ammonium
sulfate, sodium nitrate, peptone, casamino acid, corn
steep liguor, wheat bran, veast extract and the like as
a nitrogen socurce; magnesium sulfate, sodium chloride,
calcium carbonate, dipotassium hydregen 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 uzed.

[oo53}
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5 production of D-amino acid oxidase in a medium is selected

from the range of 0.001 wt% - 10 wt%, preferably 0.01 wt% - 1

wt%. [0054] The culture is generally carried out aerobically. 1o

The temperature is within the range of 10C-60C, preferably

ZOC-SOC,epH is within the range of 3-11, preferably pH 5-9, and

the cultGFe Bime’is dbditone day "5 d%%/s.alnsﬁaai% ReBithera
epaRhCRAtUTE Methedisit hecormtihdbusréualature idethodEmay besuch as
aapplied 1[0055] Aftes the conapletion of wujtura,micrebial eellsideq
e ealeded o the sultyie mediyn by geniiiugation and the, .

like, and glsrupted by sonication an tfhe ke to give a crude
PERSIRE SOlutth. TIRE RS BAZy P 31 861ulibnds PRAHEE By
ssdlting alt feolnnmrmchrematographyodnd the: like 1@ givesthe

phelypeptide of the p_,r@;sent‘kn\@e{gipn. [0056] 4. Am.ino acid
Ee?ue?ce 25 The po_Iypeptlde of th_e present invention may be a
A enzyme obtained from a microorganism as mentioned
abovel e may bere réconmbirant ehyynmr protiicedt bygeristica1ly .
T@og?a@@ygefxgghaigus%tﬁmgmlsgs ofthe r@éuiaﬁit@wgné& o
include the polypeptide shown, equence, so Listing,
"N :T"?& 7]8ﬁ1caea%jltigrﬁ, t%% 6(%/5%5%? & a5Hh éraﬁb%%ir%gn of -7
Pifet fregent imfentiotr maybe aotypéptide halingidn rhiHo asd day
-séqdence whereinione iorrg, fevi aminoacids of, 36:the wnine=acidd or

aSeguence shownin, sequence Lisking SEQID, 19 NO; 1 are
@Jbstl ted, inserted, deleted and/or added, and having a

Arimiho acid oxidase activity; or may be a polypeptide having an
aming:dcigrseduencertraving e homeoledyof nottess tiare69%s 11 s

apeeferablynatdessthancne culture medium by centrifugaticn
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 l1ike to give the polypeptide of
the present invention.
[ocos6]
4. Aminc acid seguence

The peclypeptide of the present invention may be =
natural enzyme obtained from a microorganism as
mentioned above, or may be a recombinant enzyme produced
by genetic recombination technigues. Examples of the
natural enzyme include the polypeptide shown by Sequence
Listing, SEQ ID NO: 1.
[oo57]

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
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s 70%, not less than 75%, not less than 80%, not less than 85%,
not less than 90%, not less than 95%, more preferably not less
than 99%, with the amino acid sequence shown by SEQ ID NO:
1, and having a D-amino acid oxidase activity. 10 [0058] While

l\fB(_a niurgbgr o{lgrsné%ggidg in;asfee}/\!ca incc)ie cgds"dis n%t Iimitegjgsd
Ohg as the D-amino acid- oxidase activity 1§ not fost iy °F 2aded,

Préférably* Aot moréTthiah 20 hfifddtids, mefrd pidferalsly moty be a
oD Hrari 45 isaming acidsneee praferaklynot sonesthan;1@

HIRING, Acids: and most preferably 5, ,%;:%&fé%é?werxfat[%éy% M pan

addition, "polypeptide having a D-amino acid oxidase activit
hEanEH pdRpRplidashbwing Hot 1688 0-kaR T8, preferaBfs than
8t/ less thame 499 haore piefenably Inotdessithare66%, rstilanore

oreferably pot lessitban 8%, ofdhe activity afforded by a <5 4

Sp%l%geetid% %%nsi%tingsgft e amr]o cid sequence shown in SEQ
ITD‘ 6:1 when it i8Yisedunder the aboveiheiibhed dctiity”25°
2&3$hyPESRAiIEBNS JoDBOTY5. DNA The "DNA" as an embodiment of
fhey pedsent invention is explained. The DNA of the present
'”Ve“tm%,'yt%% ngﬁggég boefa Pﬂ%oenacgggﬁéhne “Ya few amino
above-mentioned polypeptide. It may be a shown 8y .
28af8end€ Listing' SEGID RO: 2 2EDRA hading #bage setidnce
owhesrein e loriafew bases of dbe pase sequencesshowiy itct more
t8eAUenCerkisting SEQ IDNG: Zate-subsityted, inserted, deleted:
a35r%1d/%ri dde%gng encodln% a_polypeptide having a D-amino
S0°atid Bxioase sty - T066 TP Whilt the iifibeP FbASed T 7
afeli pasesdiseatt limfedeas oy as adpolypeptide encodleddyy.the
DNAgoes

In additicon, “peclypeptide having a D-amino acid
oxidase activity” means a polypeptide showing not less
than 10%, preferably not 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 seguence shown in SEQ ID
NO: 1 when it is used under the above-mentioned activity
assay conditions.
{coeo]
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 3eguence Listing
SEQ ID NO: 2, a DNA having a base seguence wherein one
or a few Dbases of the base sequence shown in Sequence
Listing SEQ ID NO: 2 are substituted, inserted, deleted

and/or added and encoding a polypeptide having a D-amino
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s not lose the D-amino acid oxidase activity, it is preferably not
more than 50 bases, more preferably not more than 30 bases,
more preferably not more than 20 amino acids, and most
preferably 10, 9, 8, 7, 6, 5, 4, 3, or 2 or lower. 10 [0062] In

-additiqn ;i may Qgtailg%having a base sequence having a

homology of not less than 67%, preferably not less than 70%, not
le28&hkn 75%, not less than 80%, not less than 85%, not less

than 9884, lrottess tharr €5%, fis racresprisferably et lessethanis not
1%954%&&%@61@%8(]'_ &we%@@ﬁw_d E&Sgﬁggaga_%wgf%@does
NO: 2, and_encqding.a polypeptide having a D-amino acid |

A28 iy TSI o0 et ot e AL SP Y prbseh
PRYEREGH hYay BE SADNAThathyBrifizeste a'DRA sordisting of anot

nhase seguentercoiplementary te the-base sequense showahine o
angdyencs kisting SEQ 10 NO: 2-undgn stripgengconditions,cand -, -~ 5
encoding a polypeptide having a D-amino acid oxidase 25
O&ctivity” [0084)~ As used herein, by the "DNA that hybridizes to a
D& zbnsisting of a base sequence complementary to the base

sequenge shown i Seguence Listing SEL IRNQL2 S0unders ¢ quence
hstrln en[cqndltlons" refers to aPNA caéJabIe of spe(:lf%callybl .
formirg a Rybrd with & DNA haviita bas8 SddueRéstsraPly no
lesraplermentaty to teé base segurncé showrein Segudnicenl iBfihg not
18EQ W NO3s2swhebcolenryhyhidization rﬂ@@&hq@,s%l]agggnd 9h5%,

hybridization method, Southern 3s hyhridization method, and the
m]ﬁi%%?éﬁé%féﬁ%%ﬁ . n2bl§(0 651 ,&%%%e%é%e’rernlﬁ e%st?ffr%éaﬁte
SEGHARERS TERY o LhosR IR SwhiEA L fdterx@irRplel Bridizatidnd
eifican iagueoyus-3eiption hiving aicampositam i 7 SamMi trisodid@e

activity.
[ooe3]

Moreover, the DNA cf the present invention may be a
DNA that hybridizes to & DNA consisting of a base
sequence complementary to the base seguence shown in
Sequence Listing SEQ ID NC: 2 under stringent conditicns,
and encoding a polypeptide having a D-amino acid oxidase
activity.
[oo64]

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

hybridization methed and the like are performed.
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s citrate, 750 mM sodium chloride, 0.5% dodecyl sodium sulfate,

0.1% bovine serum albumin, 0.1% polyvinylpyrrolidone, and 0.1%

Ficoll 400 (manufactured by Amersham Bioscience Co.) at 65C

and then washing with an aqueous solution having a composition

g é% M to trisodium citrate, 150 mM sodium chloride and 0.1%
odecyl sodium sulfate at 60C are performed. Preferably, they

refer té th& eeAditrsiunddiiwhiehviastsing witmdntagueousfer to

tsaleon haying.a compasition ebpaM trisegium. sitrate, 150 MM

a%QH—;lBG‘sC'é'QE'Q&aJ}g QMIgodecgl sodlumtls sulfage J% performjf:;‘gOdlum

at 65C, after hybridization URder the above-mention con&tlon

Thbré prefefabiy™WaSAg Wit 4 Bifeoud Suer Aavihgadi un
scorhpbsition.dftl . banih drisedium eittate,it5 niMisodium chloride

o%ﬁ@@i%{m(ﬂ%%'if'eg sylfateyis;performed aj 65C, n@lﬁ%éntnrmd
bridization under the afjove mentioned conditions. (0066
b)/ D AR add vXidese §8ne) 6Fthepressit %%ﬁtuaﬁﬁfwﬁe with
aébm‘m@d’%nﬁ? tHel aforenteritioneda niicraorganisons having aM
rDiamina:acigiexidase aﬁwit&m@ﬁslalqmaifhttl@f@hl% Q(Ei&'t%feﬁ«
fo X ple the follawing metho Lgan be employed. (00671
ést a{namlﬁéhém o%\l%%ge puIErlfléjd By &* TiBroorganiett haviff grably
EPEAmhto AEidtoxidase SR (°36 réacted with alprotedsesueli th an
ags ¢ysyterdopeytidasesarich dhe likentpadigestto apolypeptideri sodium

chavinga swifgble, size, and tbﬁﬂék?%&éﬁ%&@sdooqw%%t&%cy sodium

purified b HPLC and the like, and the internal amino acid

Sgééaéﬁcé%s%%lféﬁﬁfﬁ%a 6yFa o pHidseprotdifiskgisicer arerer
tife 3Bdike-Thehi DNA prntels designed based @fetheb1y, washing

whemalagays «22 §GQBQ|&(%Q6@QiQQJnJ@0¥V%Qn@Bm acid Qddases
- gre scynthesiz d. @068ﬂ Th hromosgmal DNA |s isolated
ate, 5 m 0.1%

ﬂ0n$a1um CITY lum chloride and
dodecyl sodium sulfate is performed at 65°C, after
hybridization under the above-mentioned conditions.
[co66]

The DNA (D-aminc acid oxidase gene} of the present
invention can be obtained from the aforementicned
microorganisms having a D~amino acid oxidase activity.
To obtain the DNA of interest, for example, the
fellowing method can be employed.

[o067]

First, D-zamino acid oxidase purified by a
microorganism having a2 D-amino acid oxidase activity is
reacted with a protease such as lysylendopeptidase and
the like toc digest to a polypeptide having a suitable
size, and then the obtained polypeptide is purified by
HPLC and the like, and the internal aminc acid sequence
is determined by a vapor phase protein sequencer and the

like. Then, DNA primers designed based on the homologous
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S microorganism to be the origin of the D-amino acid oxidase. The
chromosomal DNA can be obtained from a cultured cell using an
UltraClean Microbial DNA Isolation Kit (manufactured by MO BIO
Laboratories, Inc.) and the like. The object gene can be partly io

sQbtained by RGR-uUsIng ﬁﬁ%m@n%ﬁ?ﬁ@' DNA as.a leroplate, and
the gbove -mentioned DNA primers. [0069] Next, DNA fragments

ER&Sdi Ztﬁe N-terminal side and the C-terminal side of the
b%@ﬁﬁéd partial gene can 15 be obtained by inverse PCR (see, for
examples NucleienAcidsRaes.1 168186 (1988): dhedase 2

nces of the, DNA fragments are determined, and combined
m\%%lt% %aa%%sggetoeﬁge 3& he‘S tfartlaﬂ ge%neEt%egﬁ/ge a flurh%len %hde
°5é§§ s&equéhce OF B D40 %ipd GRitlaS& gehe Which fsr% a
cassumed tocontainifngmathettiansiatien initidtiorn site itotthe stop

16049R1[007R] Whenthepregence of infkor bthe.Rzaming.acid,
OX|dase gene obtained from chromosomal DNA is presumed_25 by

e AndNRisSfthd diftained Bat8 5equertaa B %mkl) RoPagigtY
cbxiriaseyarne, From wiiick thé mtror isrernoved ByAthesmethedplate

aﬁHOWHéJQJ@wv@aa&etqmamstbﬁﬁoﬁhﬁﬁ&.a microorganism to
ﬁ origin of D-amino 30 acid oxidase is cultured to obtain
|cro |aI cells, and the total RNA is extracted from the obtained

microBiak ‘el SNfsidg $1SOTEN (Fikfifacfiréd py\NIPPONGENE de
a&0 }hand-a eemplementaty stranchBNA (cDNAY i preparedgene can

bgsw&gﬁ@ﬁw%&é@g%ﬁ (AMY) VPJ;P (napytacturga by ;

35 TaKaRa) and the total RNA as a template. Primers are 23

AGdEindeTromthe Bast seduidices of e NeRFmMINA BHIT Hifg ©F the
DEAtefmagaleyers of the dboeemienstibnethD-awmic acdl okidasg:e base

sQ%B@x{HUB I%&gthr@qs@f@gaqbt@me@ by inverse sPER Methad+RCRase
se eerg%ry%%usilneg g]eagr&% gplrgiadase gene, which is
assumed to contain from the translation initiation site
to the stop codon.

foo7o]

When the presence of intren in the D-amino acid
cxldase gene cbtained from chromcsomal DNA is presumed
by the analysis of the obtasined base seguence, a D-amino
acid cxidase gene, from which the intron is removed by
the method shown below, can be obtained.

{0071]

First, a microorganism to be the origin of D-amino
acid oxidase is cultured fo obtain microbial cells, and
the total RKA is extracted from the obtained microbial
cells using ISOGEN (manufacfured by NIPPON GENE CO0.),
and a complementary strand DNA (cDNA} is prepared using
TaKaRa RNA LA PCR Kit (AMV) Ver.l.1l {manufactured by

TaKaRa) and the total RNA as a template. Primers are
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5 and using cDNA as a template, and open reading frame is
determined from the full-length sequence free of the intron. It can
be confirmed that the amino acid sequences encoded by the
determined open reading frame contain the above internal amino

«acid sequences qfiihe, 10.D-aming.acid 0Xdase. J0072L Giinay part
Transformant and vector The DNA obtained by the . _
2BBove-nférticred Riethod ol HeretdMiGnG AT piasnmid dbtafed oy =+

ontoeperatingehéus abbveddNAsiaty: arvectobisaiseditdtransfoemse

phast igorgapism;te give adransfornant [0043LAs he-Rostr i mer
a%[%\? vector, th%host-vector S ?e;m descgibed in "Recqo,mbin?nt

A Expériment Gliidanced® (éd. 20 Stiende™fedhiioiogy Agenty *°

dresgricHand DevelBpment IBhsailifé Seraices Brasiopf the
i revised Markche22, 1296k canhe-used.aforexampie, asthedost,

sucrooranisms, belonging,to the genera Escherichia, . 45y £rame

Pseudomonas, Flavobacterium, Bacillus, Serratia,

cehridbdcteriant ¥s Brévibacteriaht Kyrdbattetfifii SACERdbAEETRe
cGindono acter, dadctelsacillus, Streptococcus, and Streptomyces
[:'5151% used. [0074] As a vector, a plasmid, a phage, or a

derivative_ 30 thereof gerived from microorganisms, which is
&, Trﬁns or%ant an vecqor. . .
capable of autonomously replicating in the above-mentioned host,

can bé isedNAMmbitg trese, Bschietichi esirisepieferably nesebds  or
atheshestyniciaerganisay anea ¥eeston capable-ot iieRemMEOUSH e
-renlicatign 'E‘IE?% microorganism is, 33 preferably used as the |,

vector. Examples of such vector 24 include pUC18, pUC19,
THBRBZN PACTCL847 pST\RE ISP T$TE101, pT7Blue or

PIGNT, or derivatives thereof. The derivatives thereof refers to

one hﬁ\éi ng-a Ogg isc_@tiQHci nyR @!BQt,e b8l 'T}'l%%tgf-v%@%%qcegy Slen
dgggg%%%%tgg(¥légombinant DNA Experiment Guidances” {ed.
Science Technology Agency Research and Development
Bureau Life Sciences Divisicn: revised March 22, 1336)
can be used. For example, as the host, microorganisms
belonging tce the genera Escherichia, Pseudomonas,
Flavebacterium, Bacillus, Serratia, Corynebacterium,
Brevibacterium, Agrbbacterium, Acetobacter,
Glucocnobacter, Lactobacillus, Streptococcus, and
Streptomyces can be used.

[oo74]

As a vector, a plasmid, a phage, or a derivative
thereof derived from microorganisms, which is capable of
autcnomously replicating in the above-mentioned host,
can be used. Amecng these, Escherichis coli is preferably
used as the host microcorganism, and a vector capable of
autonomous replication in the microocrganism is

preferably used as the vector. Examples of such vector
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te s si of replication (ori), other genes involved in regulation, or
the like, for the purpose of increasing the production amount of
the enzyme and stabilization of the plasmid, or one having
modified drug resistance, one modified restriction enzyme site of

1¢loning.site,and the sio)like. [0Q43], As one, example of o5 sryag,

transformant, using recombinant plasmid pCDADO3 in which a
PBROSbtaned Hofn arktha fintdtnétia NBREFB1-SFHATH theThe
dmanmet hverstiorietrabdve 4 b4s sncarponatedantopUGNE {deation in

pW094/Q3613). Escherichia £l H3101 and IMIOQAE | the origin
scherichia coli HB101

transformed, whereby transformant ,
SECDAC0ST SEAMITS (FUDAOOT Eah b 0BRIned 166761 0
TBRE HEhsfermant ESéherickia cbi HE1E1 KpEDPATD3) fobrabred i ng
tthe presentinventiononas deposited om-duly 182006 HNdeEa+1ion of
eceipt nher BP-10639 (domestic, deposit strain
t%ﬁgi%ﬁ%%ye%bsggd%{rlﬁ &;J\%Sn o&“?%%é éﬁar%?%?rexdetsola% anee. one
Wﬂ%éﬁﬁné?ééﬁ&ﬁfﬁﬁge&’bﬁym% ﬁB%d%Ee%tl?Péé’@),saEn‘betr%nd the
ltramsformant Escherichia coli JM109 (pCDA003) was deposited
510]%)1 10, 2006 under a receipt number FERM BP-10638 at the
ational Institute of Advanced Industrial Science and Technology
the Int&rnational PRReR Grganish DepBaRary (POTF 128°85°17ant
PTsgkulsa-8APAGashin -ethdme, Hdiigi-ken 2305-8566)m(domastiba
i@l@@@fiba%aimgﬁgmaﬁy d@@@&ﬂﬂd 9151_ itl)H&e ggnr?élo%\é%@ioned above
. transferred to an internatio posit o} udapes o
o) DT The ot DRSSt (e e Lensa
CBreseft 225 ishtights wélF RnéwaTA tRé BrCand drseABed, for
exampte;iaMolecalarGloning 2ad £ditan (ColbSpring ) Harkorom1 08

( fgggr@g@r)y Rress, 1989).Guwegnt Protocols in Molecular Biology

Greer]e Publishing Associates and
0076

The transformant Escherichia coli HB1C01l (pCDACQ3)
cbtained in the present invention was deposited on July
10, 2006 under a receipt number FERM BPF-10639 (domestic
deposit strain originally depeosited on July 19, 2005 was
transferred to an international deposit based on the
Budapest Treaty), and the transformant Escherichia coli
JM109 (pCDACG3) was deposited on July 106, 2006 under a
receipt number FERM BP-10638 at the Wational Institute
of Advanced Industrial Science and Technology the
International Patent Organism Depositary (IPOD: 1-1,
Tsukuba-shi Higashi l-chome, Ibaragi-ken, 305-856¢)
{domestic deposit strain originally deposited on June 28,
2005 was transferred to an international deposit based
on the Budapest Treaty).

[c077]

The recombinant DNA technigue used in the present

25



i0

15

20

25

30

s Wiley-Interscience). (0078] 7. Culture of transformants By

culturing the above-mentioned transformants capable of

producing the D-amino acid oxidase of the io present invention,

the enzyme can be produced in a large amount, which can be

utilized for thesproditftlon of L- amino acid or 2-oxo acid. (0079]

For culttra of & Miicroorgahism: & Uil MddiBRfc4r 58 b fSed.foF

Wﬁ@%humrtoi‘t\;ele%d for thecoultreah Bel atusual Medidnspring

EontaiBiNg:BUlFentT SUCh @S CatMY) SAtHGE.e3 PitEgen.seurge; »
rganic. sal the ike, Whe ce amounts of organic

nt%r%?n’lt%%s?u ‘%?agsﬂ \%I'fgmll‘(? “and amgllﬁ%qalc? are e:t% &4 preteraig

HedGis Can OftER 2@ B&obtained. As the carbon source,
darbohydrates such as glucose and sucrose, organic acids such

BS acetic,acid, and aleahals cane used as appropriate. As the'
hitrogen source, ammonium salt, aqueous ammonia, ammonia

gas, Urda veast'extfact SepBRES CORT Sedieidordint frass ¢ s
Jikescarebe tisedr Asahednbdrgariic saftpphesplvatex imagaesifint he
pﬁﬁéts@@taistbt@hﬁaﬂE;ﬁOdM@ %’%ltzﬁﬂlﬁi'égh SQLI %96&@1}@5“%@ large
%rillr%e ang thg Ilke can be be u%ed ﬂ%?? e cu ure: can be
rformedina temperature range -of from 25C t6 40 Cpatr?%uféﬁy
aﬁ?é?&aﬁﬁﬁﬁoﬁﬁzgcot@ﬁel% addition, culture can be performed
dvpHA to 8, particularly preferably pH 5 to 7.5. Furthermore,

either abatch culture method or g continuqys method Cim 3308, can

used 26 [0081] Treatments for inducing the enz me “Such as
bLddifes bf |é86rdb‘§ltifﬂ1fiotﬁ ﬁ%aﬁ’é&fisﬁa%r(llﬁifé)cafl%‘éf@sé:%nb@ a
ugise bereaitied ownasieoessantrients such as a carbon

source, a nitrcgen source, inorganic salts aznd the like,
When trazce amounts of organic nutrients such as vitamin
and aminc acid are added, preferable results can often
be obtained. As the carbon source, carbohydrates such as
giucose and sucrose, organic acids such as acetic acid
and alcchols can be used as appropriate. As the nitrogen
source, ammonium salt, agqueous ammonia, ammonia gas,
urea, yeast extract, peptone, corn steep liguor and the
like can be used. B2As the inorganic salt, phosphate,
magnesium salt, potassium salt, sodium salt, calcium
salt, irecn salt, sulfate, chlorine and the like can be
used.

{o080]

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 &, particularly preferably pH 5 to 7.5. furthermore,
either z batch culture method or a continuous method can

be used.

26



10

15

z20

25

30

35

5 [0082] 8. Production method of L-amino acids and the like An
efficient production method of L-amino acid, 2- oxo acid, or cyclic
imine by the use of D-amino acid oxidase obtained in the
embodiment is explained. 2-Oxo io acid can be obtained by
B%%%IW racemic amino acid with D-amino acid oxidase to oxidize
-amino acid (optical resolution reaction). In this reaction, it is
assumed thAERtiRo & d IS Prodiced a8 affiAtt e diafdrém D-
adaning asicttd 2-oxpraciglHoweves-prnowcid i s6e0d4S (IPTE) or
16enverted 10, 2-oxo.acidhyhydralysis @nd 2-9xpacld salppe is
gnall btained. Cyclic imine can be obtained by reacting cyclic
%ﬂ% cid with 0-amino acid oxidase. L-amino acid can be
8abtaireth as srresididlstiafrate ot ithe #foisientionédseddlition

regctim, m@am@ﬁp Qe&&gamwrtegiglgaammmagidi&wftgHLei, 2~
;o'“%'!;‘gdz,‘_oéQ acid., Iming, agid %%%%‘8 IS BEO%‘:-’%% By the s 4

o €
aforementioned reaction into contact with amino aci

oeRvdDgRREEE 16 StéfeotitterSIBRTEEEHGN. (BOBEP 25 5 Amind~O*°
aadid dehydregenase Hetepamira acidhdehydrogenaseiisanacid with

DERRYRE @36’1@19 AN agtivity tp Eﬁﬁi‘%ﬁii’@%am@l@ 2;:0xQ agid 0k -5
cyclic imine in the presence_of ammonia. Exam les thereo

*Fiefide pREnyIBRRHIAE dehydBgsnase, TREGINE 38 dehydfogeingase

tand piroline-carboxyicabid edactase. Es-thengmindg acicom D-

=dehydrogenass 1o -heqdsed inithe ypreseat invantion, epedervedson

from animal, plant or microgrganism.can be.used. Far industrial
O o e A e 3 ool 5
2 Agttfie MiicFooryhRIsrAPARY B8R be GEeH'SS IoRG&s i2Ragarcotained

babitibato proglucedhecenzyme. Examples thereaefineludeid oxidase.
. Brevifactenum, Rhodacogeus; SNOrgsacindss qual substrate of
Ry e M e, MO, oS M, ) co be
converted to L-amino acid by further bringing 2-oxo acid,
imino acid or cyclic imine preduced by the
aforementioned reaction into contact with amino acid
dehydrogenase tTo stereo inversion reaction.
[oos3]
9. Amino acid dehydrogenase

Here, aminoc acid dehydrcgenase is an enzyme having
an activity to reductively aminate Z-oxo acid or cyclic
imine in the presence of ammonla. 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, cne derived from animal, plant or
microcrganism can be used. For industrial use, one

derived from microorganism is preferable.

[oosa}
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s Bacillus, Neurospora, Escherichia, Aerobactor and the like,
which are known microorganisms having an ability to produce the
enzyme. [00851 Preferable examples thereof include enzymes
derived io from a microorganism belonging to the genus Bacillus.
More Ereft(_::',rablr(?l example iggludes an egé%mged%réve frorrhOn as it
Bacillu§ badius TAMTI086 orséndcilfusysphaerlcus RBRES3417°
hBaciiusBEdis YAVR 105998 G mitrd obganisfir thatsrbeiteestnereot
i pbenylalaise dehydeagengsesrantbkrawn érompts &Eaepean,

nggﬁggggiﬁgg9gggéaﬁgé¥§ﬁggﬁg¥¥ﬁprH@EE@@H&;1%%%@%@idium,
59, number 10, page 1994- [00861 Furthermore, Bacillus

Baffidencus NBRE384T3s a®Afibfoorganim HRProahess fEtind ©

1dehydrdgeriaser# ROdas thecsamegrmabasohaming agid ability

+Eesidues as thatotknowa leucine dehydrogenase of Bacillus
, and 100% identity in the amino acid sequence. In the

ubtili
é%%%S equence, 14 bases out of 1095 bases are different. The
gene Segiencd bt Batiie stbtifis 9§ RAbwWHIFS R a8y p5e gbyrived

£¥6oh 390, Nage-249 anekNCB] slejabase aceessigaNe: Bacillus.
usEB 3%3%9 Mgreovel. inat pyroling-2-cathoxylic Agid Jedugtase: - or,
Is produced b%/ microorganisms belonging to the genera

BRiettdgsora? ESERenhial Ao rosictSA meRtorfdd 3R MEHO PR3 341 -
BEnzymot., 1962y Vol.2 Pafer882. 300088 ckg abtain a&highly

pactive: strajnthal highly : produces amino.add dehydredenase - om
wefficientl ,_pre aratlgon og a tgaérésfgrmeg rgicroorgaé]isrg is effeftive
E4E Wth Well “The Preparation methdd therefor inaludess 38 Yor
Bégampte, cldAing-ary aming acid:dehgdrogenasedgend 28 from a
Bigéns phowing an amino acid dehydrogenase activity, producing a

recominntiasid vth.a 3 lanie veclor A0y EARSIgTIng.2 .
suitable host strain using this plasmid. In addition, the recombinant
mEﬁ&Qorganism that produces leucine dehydrogenase. It
has the same number of amino aclid residues as that of
kncwn leucine dehydrogenase cof Bacillus subtilis, and
120% identity in the amino acid sequence. In the gene
seguence, 14 bases out of 1085 bases are different. The
gene sequence of Bacillus subtilis is known from Nature,
1997, Vol. 380, page 249 and NCBI database accession No.
CABR1433&%. Moreover, that pyvrroline-2Z-carbozylic acid
reductase is produced by microcrganisms belonging toc the
genera Neurcspora, Escherichia, Rerobactor is menticned
in Methods Enzymol., 1962, Vol. 5, page B8Z.

[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, clecning an amino acid dehydrogenase gene
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s technique is well known in the art. (0088] 10.
Coenzyme-regenerating system (enzyme having
coenzyme-regenerating activity) The above-mentioned reaction by
amino acid io dehydrogenase requires a reduced form of
coenzym sucrtg as NADH, where the coce{lgyg&NADH is

“ESRveNed TG an Sxidized form with the Progress of the reaction.

aFhé vafourk B A'coezying i BRRUSEPEark ba ttasticallr @
slaechmeglebw saﬂm Olahtdiletrﬂﬁﬁ:ﬂ'ﬁﬁ tising Dramine sisickisraddase rain
»and amino acid defiydrogenase in the, co-pregence. ofian enzymg,

having an ability to convert an oxidized form of coenzyme to a
CREiteE R rmt(hefeinalteP t& bel réfefredftb-as

toenzyme-regenerating activity) and a compound to be the

19ubstrateQfthe enzyme. 20 [0089] As.the Rolypertide faving a
coen;)?/me-re eneratitngn gctivity, f0£ e§<ample, hydrogenase,

fHhale "déhydrogenase Jaftohol delydrogenase, aldehyde

dehydfbgen&se, giuesse-eosiiospisie ‘dehybliogerase, 25-glucose
ddelydregenase arekiherlike eanbeussed. rl0000) Preterablme such
aféoergl%ﬁ dehydrogenase can P?m%seivlckﬁ? fhe fmale, .5 to an

2hy rogenase, one derived from plant or microorganism can be
o#d&d and, fSiRdiidtal tsE, Bne B derived frbf aThictdGiyanish®
asiscpreferablen A the mieraorganismedny anickoorgansi cahle

rg%%@@é |95}9 ﬁrgi% %@9bgmé tc}@ﬁ(&qli%thﬁsgﬂ%yrﬁeamino acid
Examples thereaof include the foIIomgeknown mlcr%organlsms
e

ORARG art BBIIT (0"BrotUCe (he Sheyre. Sich a8 the 35 Gendra” =" °°
cCandiday #veckeral Pichia, Bipbhiycest 2F Pregdbnfohasiidized
sMaraxella ddyphemicrebisn:2aracocessm Thichatilis ter to be
Jgg%ﬁgg‘;}g i-ngsogclée'ﬁrze}ﬁrenéa-*?_légeé%?e@%'@%%e?@é Ingvde .ng a
compound to be the substrate of the enzyme.

[cose]

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

{o090]

Preferably, formate dehydrogenase can be used. As
the formate dehydrocgenase, one derived from plant or
microorganism can be used and, for industrizl use, one
derived from & microcrganism 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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s from the microorganisms belonging to the genera Thiobacillus
and Ancylobacter. More preferable examples thereof include
enzymes derived from Thiobacillus sp. KNK65MA (FERM
BP-7671) and Ancylobacter aquaticus KNK607M strain (FERM

P%ggd%%@' %(S) © QZLTO olbtainHa hri1 hl actige strain that hi%hly
produces Tormate” dénydrogenast Stficiently, drBparatidiy ra = -
Thranstefmetyhicrodrgatsmds @ffective as known well. The

preparftion method therefor includes, for 1s example, as

descriggg f@ ygg%’%’&?g@él g!é)n@?l% gefggm%tec ldueyéldégggr%%%e derived

gene from a strain showing a formate dehyarogenase activity,

IBRutity BYECombiTantPtasmid With a%Uitbié Geti cafd
Transferminga suntdblehedbistraire usingithie plasmigc dhee examples

thecombinapt DINA technigue 2Q is;well known inthe art.;[0093] . |
Kgé%@&es of the té%g%fgg_rgang tkgius obtal_ned that_ highly Eroduces
CItiE” E¥EheTiRRACEA HETOA (57 1001)

ormate déﬁ%tr&ogenase [
KFERNMBPLT6712) diF2RESEheriéRia) coli HB101 (pFT002) (FERM
Bibd673) containing formate dehydrogenase gene derived from

Thiobagill . KNK65MA. (FERM.BP-7671) described.in
W003 és#é%%fﬁd%%%ﬁ%&iaa%%ﬁﬁBf%f%ﬁl?A&ff(ﬁ%l%ﬁy

PBRSFSSA) ARty Foivae deAR8g8RadE §ent derivetrBe ration

offom Aneylobaetesaquaticus KNKOEW M strairt et RM: BP: 4335)n

wdescribed in WAQ2/46427 ., (AQ94] ,Fox praduction;of aming acig ;.

dehydrogenase, formate dehydrogenase by these transformants,
RTINS 2 AING S0ic BV HIOHAARER by (EO7 LR a fornate
daforérertioned stedins £3@shewiig anraminovdcid dehfrogerase
daetivitys g nprodugtion-of fgrmate-dehydrogenase by SHAIN p1asmid
WSQ%Wiangs ua i@r@fetse 9 eg iy g[rqgeannac? et?:%tgvsit gxlflxl_{u .re gnlg/ uqqc%qasltg host

e performedﬁusmg, for example, a generaibnutrffl e

strain using this plasmid. The recombinant DNA technique
is well known in the art.

[co93]

Examples of the transformant thus obtained that
highly produces formate dehydrogenase include
Escherichia coli HB101 (pFT001} (FERM RP-7672) or
Escherichia coli HB101l {pFT002)}) (FERM RBP-7673)
containing formate dehydrogenase gene derived from
Thicbacillus sp. KNKELGMA {(FERM BP-7671) descgribed in
WC03/031626, and Escherichia coli HB10l1 (pFAQOQ1l} (FERM
BP~7234) containing formate dehydrogenase gene derived
froem Ancylcbacter aguaticus RNKEOTM strain (FERM RBRP-

{0094]

For production cof aminc acid dehydrogenase, formate

dehydrogenase by these transformants, productiocn of

aminc acid dehydrogenase by the aforemenitioned strains
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s medium described in W003/031626. Where necessary, a
treatment for enzyme induction can also be performed. [0095] 11.
Addition of catalase Catalase may be added to a D-amino acid
oxidase io reaction. Even when catalase is not added, the reaction

ro s.and the resulting product can be obtained., However,
i ‘§£§m,rﬁ%ﬁ§‘g&}3£s e ta Ryirogen paroxde. pioddcedbya
P 20idxidasE REACHUH: ViHieH *dégradey & stbstate reving
aresSuitingcprothictdAdditionsaf kh-cdtalase suppressesdelyadaticis to

sQf @ SURSUREO.Q; IRpulting prodyct, and is gxpected g ncrease.
thg yield. Catalase is an enz;h(?Be that cata%a/zes a reaction to
P§&graletR b g8R DerdxitRIiRld watér’and GG en” f0TTET 20 AR
tthesdaralase! onecderivesl frodnatiheal, pknt o smidreorgarfisamed.
¢an bejused and, for industrial use, one derived from a
icroorganism |§éore£ecré’;1?£e.eAs the microorganism, any
microorganism can be used as long as it has an ability to produce
the enz§iie: BSaMpPEsES fiETesf el fd& tiefolidwifg knewitase
rRCrooganisme: hasirg af=ahilityde predtee thaeazyme,; suebast i on

pthe- genera Miciacoccus, Rhodopseydgmonas andlthg,like, 1oy

addition, commercially available enzymes can also be used.

FeYSHiples oFthe 6hmEiall a/iRble 8HoymR 30 fHigge peroxide
cCathrymte 251 fmanufdctared:by Noviodysee)arwd ICATALASER
aBgefddeen) (masuidactuced byP-LBiochemeals.c i} [0094L:32.0n of

V@ririltions of transforman&s 35 Ia-acmino a%id oxid%se, amino acid
C =) 5& SUu ress edgra 1.on © a substrate or.a
éehycfrogenagg, an 31 enzgme aving a coenzyme-regenerating

raéiAlyand RErdlask toBuded rthrhedehtinveRticn vay-be vield.
cproduced By peeparing asd culturing deansfermantse Htraducing

48391 807y Me 9GRS, QLREPANNG NG, CYIWING & o oxygen.
[oo9s]

As the catalsse, 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 micrcorganism can be used as long as
it has an ability to procduce the enzyme. Examples
thereeof include the following known micrcorganisms
having an ability to produce the enzyme, such as the
genera Micreococcus, Rhodepseudomcnas and the like. 1In
addition, commercially avallable enzymes can also ke
used. Examples of the commercially available enzyme
include Catazyme25L (manufactured by Novozyme) and
CATALASE (Beef Liver) (manufactured by P-I Biochemcals,
Inc.)

{co97]
12. Variations of transformants

D-amino acid cxidase, amino acid dehydrogsnase, an
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s a transformant introducing plural enzyme genes. [00981 In the
present invention, each of the produced D- amino acid oxidase,
amino acid dehydrogenase, enzyme having a
coenzyme-regenerating activity, and catalase io can be used as

an enzyme tself, and can alco be used,as A migraprganism.or.a
Sréated produc?thereoﬁﬁgre, the “treated pro%luct of

Jhicéerganismifeansdforexahipler <itte extratt freédzdiariet®

poj_"@aﬂ'tsm gi;euﬂih@gbad imicrebial eell racetomnetdried: 6rganisms or
sdisupied i%_&r%%‘é‘%}t_ of them. (0991 Fyrthermare, they can e .+ ring

used as an immobilized enzyme obtained by immobilizing an
SeriZye TtSEf Ot microbtal etk byPa khvtrf fetficd SE6= S -
ihemabjlization, 20 crosslinking method, covalent bonding method,
physica), adsorptien dmethody inclusign nmethod,and the like,qvhich -
are known methopds for those of ordirgﬁr %kill in the art, can be

eSS 01007 25 ToObiaim & Righly active Strain that MgAR

herotiuges the aboveementioned D-tmmindddid dxittase} anfind2adige
dehydrogenase sang asrenzyne haying aLuoenzyme: regeperatings as
2divity efficiently,.as 2 preferable, embodiment ofthe resent .o e
invention, preparation of a 30 transformed microorganism is
SRR & RABKN WéIl TAS 78 pr&sarativnidthod, 18King B%mifio
cacid oxidaseas ant exampte Deamingacidsoxiddse généiug ted
clened from & strain shewing the: same-activityya recompinant: e o
plasmid with a suitable vector is formed and a host 35
HhRG86fgatism Sith as Escherichia coli and the like, 32 though
hovpaticularly limited, is transformed using the plasmid,

according {e dhe methodshowiain the beloyw-anentioned Examples
e%r%(%r}nhee glé%’ avi/ Q%Ee bélya :E%‘E‘gg%rﬂa.‘z@_tn 8 aQ nb eegtz)t%in%e% tself or
microbial cells by & known method. For immobilizatioen,
crosslinking method, covalent bonding methed, physical
adsorption method, inclusion method and the like, which
are known methods for those of ordinary skill in the art,
can be performed.

[oi00]

To obtain a highly active strain that highly
preduces the above-mentioned D-amino acid oxidase, amino
acid dehydrogenase, and an enzyme having a ccenzyme-
regenerating activity efficiently, as a preferable
embodiment ¢f the present invention, preparation of a
transformed microorganism is effective as known well. As
a preparation method, taking D-aminc acid oxidase as an
example, D-aminoc acid cxidase gene is cloned from a
strain showing the same activity, & recombinant plasmid
with a suitable vector i1s fcrmed and a host

microorganism such as Escherichia coli and the like,
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5 [0101] Furthermore, by preparing a transformant having plural
enzyme genes, each enzyme can be produced by the one
microbial cell. As a method of preparing a transformant having
plural enzyme genes, a method io including transforming a

Eecor%blnagteglas |duv¥herle pIuraTI enzyme genes are | %ergl%cing
“ings the Sam vector, a ‘method inc ing msertlng respective
t8fizyrhaerfes iRES R RS VRCESR RARG HiffErRhE réplicatidnbe L 0% =
mekgincfer) ancddifferentdrug resistanee genesslandal S ransformant
Strangforming, the gbtained plural recombinant plasmids by the

same host microorganism and the like can be mentioned. [0102]

p\%@)ikc]mg to the above-mentioned method, a 20 transformant

having a:D{aminoracid mxidase gene gand tgenss of aatio aeiling

p@améqrogagaae anchan enzyme Bavipgea Coenzyms-Fegenelalingtne
act|V|t r% rega&ed \AIhICh sh ws an jact S)évalue that has

ane m 5

iheréased dor above, 3.0 Fd or above gld or above
tﬁﬁﬁcéé@é@asotzamértﬁ a&dtﬂé%be?fazdmmré%éamrﬁ FFE-ARfNo
iaciduaxidaser as compareg to a transfarmant haning adD-aminein

%'Qaqx'%% gsnge%tggegcloérem@p%tqmb%w srgﬁevg@%ctor,

Exam 103] 30 As the vector, the vectors exemplified for
BT o1 %&fb%sb“@éﬁé? i the &fEflentiong™gRe genes into
dT rarsfermant: andnsedter'ican bé iSedenthesaheatdnmercrigin

((0104] 213 Rrodriction-ofd-aming acids. and the like 3s.Repduction
of L-amino aC|ds 2 -0X0 aC|ds gr c¥cllc 33 |m|n(3ts> t?}/ oQtlc

I'eSOTLﬁIOn rea?t:tlon mQt e presentp inven iO%E:CaCID']m prOdT,ICtIBala%mlds by

thamimpeadias by SteresImiversiontéatiien it fife prasettt
miventian€an be performed by the following methods.

[o102]

According te the above-mentioned method, a
transformant having a D-aminc acid oxidase gene, and
genes of amino acid dehydrogenase and an enzyme having a
ccenzyme-regensrating activity can be prepared, which
shows an activity value that has increased 1.3-fold or
above, 2-foild or above, 10-fold or above, moreover, 50-
fold cr above, per a culture medium of D-amino acid
oxidase, as compared to a transformant having a D-amino
acid oxidase gene alone{correspconding to the below-
mentioned Example 12}.

[c103]

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.

foio04]
13. Production of L-aminc acids and the like

Production of L-amino acids, Z-oxo acids or cyclic
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s (0105] In the aforementioned racemic amino acid represented
by the formula (1), as the substrate for both enzyme reactions,
represents C1-20 alkyl group optionally having substituent(s),
C7-20 aralkyl group io optionally having substituent(s) or C6-20
aryl gro %ptjconal% havmg substituent(s)., The C1-20 alk¥l qroup

l%ﬁonal yyhavmg substituent §)JT0r the above-mentioned "R

i FeifreséAty NG ratiE ARt diited Ant; for&aRpl Smidthyt gtoEp 2°
iisoprepylgrouprisobutyl:groap, bismwthylprepyligrotpean be

pga@m%rngﬁhmroy& 25 carhamgylethy group, hydroxymethyl
roup,.1 roxyethyl group, mercaptomethyl group, 2-

ét?]?/ithloethyl group, (1-mercapto-l-methyl)ethyl group,
4-amiAobutyt gréiny, SrguanitiecpropyLgicum (B 28cid
rgﬁigégelem@thy&gw 21hylaroup; N;PropyL GO M-ty kgrosp,

tyl roup, chloromet Igrou methoxyme | grou
3 Hd%ﬁxﬁ’&ﬁyfgroup,%‘“%hmoﬁp opy ggou}éyzgggaanqoge)(hylggﬁgﬁ :

oBIGyRIMOPIEPYIRTETR, AV EserZoytamind)butyl gfugratkyl group
oRdnethaxyearomAdethyl geaup, 2h.and the dike carelie mentionssl: o

o1106] The C1z20 %algmrgypu%@r@"v h%\é'Qgc§U9§t'%‘€Q§)(§) $roup

not particularly limitéd and, for example, benzyl grou
Om%?ﬁﬁ?e%ﬁy|hgr6aﬁg4%ﬁ°ﬁ§a%&%8w &%ﬁ&%@nﬁ%ﬁén@ﬁr‘ tioned
Ry, s dhuosobernizy grouprd fluoyoBenzyl geoapd3,4cor example,
mmpxl?aggﬁybg%g%gwﬁp %%Hiﬁt'"ﬁ%fﬁaﬁhﬁmbefﬁ@@f?zw )
ples of the aryl grou p|oa avin stituent(s
mc?rgté)pﬁ@ﬁ;l & Olf)p4 h;%cfr%xyé) %ny?l éro%p and t%ie like.
CExRATIES B thd sabstitbent ithide 734 Biing §rdip, Rydroxyl

h JEQUP; FElFR GTOUR oYA NG g ELEY, - 6arbebyh gkt Bl ky-group,
aﬁw&r%@tﬁ@i arouR, alkangyl grayp, oa'Ke%L%’i‘Pe Ay r oup,
4ggﬁﬂ%ég§%§& %ﬁgﬁgpafxgﬂ;ggggéggL%§§1 group, 4({5)~-
imidazolemethyl group, ethyl group, a-propyl group, n-
butyl group, t-butyl greoup, chloromethyl group,
methoxymethyl group, Z2-hydroxyethyl group, 3-aminopropyl
group, Z-cyanoethyl group, 3-cyanopropyl group, 4-
{benzoylamino)butyl group, Z-methoxycarbonylethyl group,
and the like can be mentioned.

[o106]

The C7-20 aralkyl group cpticnally having
substituent{s) is not particularly limited and, for
example, benzyl group, indeolylmethyl group, 4£-
hydrcxybenzyl group, 2-fluocrobenzyl group, 3-
filuorobenzyvli croup, 4-flucrobenzyl group, 3,4-
methylenedicxybenzyl 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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5 [0107] In addition, in the aforementioned cyclic amino acid
represented by the formula (4), R'is C2-7 alkyl chain optionally
having substituent(s). Examples of the substituent include amino
group, hydroxyl group, nitro io group, cyano group, carboxyl
roup, alkyl grou aralk ro gcroup alkanoyl roup,
Ik%ny?ﬁ?ouLFﬁ 5 yﬁylxgﬁ)u% group Halogeén atém artd the””
Chikes © JOE0 8] LI O pticalt yéselufisA rreaéﬁdﬁmle@Fat%ésomﬁbh group,
ateaction the abpyeamestigned rsilisiraie is reactgd vt the koxy1
aforemerptli)ned D mino, acid pxidase in an aqueous solvent.

Catalase T may e added o the above-mentioned reaction.

adiske degrades hydrogen peroxide produced by the reaction
with Dramina 20iacid axidaseand suppeessesngegragiatibn ofraino

aSybstate, oL aresylting produet. 1 addition, FAD mayhe added 1

to the reaction. FAD is a coenz‘%/me of D- -amino acid oxidase and

cgadﬁloﬁ%é?@@fﬁ%%xﬁg&lerbgto| RESASE e retction SRy, °F the
sThe tadditort coneéntiatiom ol FAD- 2Bis prefarabiy 0Etpivalent tro

gamaunt of ahove-ang 1 0-eguivalent araaunt anhelows Mok, aralkyl
eferabl¥0 e%uwalent a[L mount or above andl]k equ g/alent amount
Bglow pre?era% 6 eqYuvagfent “arhount or above ard 0.1
aé@jﬁﬁéierﬁ%ﬁﬁ@unﬁéﬁ‘ﬁél&v FeRitwe tbiheStbsiratd 3040109 1ike-
I5: &¢reo inversion reaction In the stereo inversion reaction, the

;pacéﬁgglléageggggggm ah aquequs medium in the presence of

the above-mentioned substrate, the aforementioned D-amino 3s

acid oxftfase, 15é QbrerEntSHETE affio BRI 35 YERyAFSYerass
sahdtareénzymetrvirtga coenzyhie refenerstiny actdtydwithiano
2 6QmpokNgtobe #s substrates Catalasemay b,&,agda@ dothe e

2fRacion, GRialase dearades, hydroden peroxide produged by the e
hydrogen peroxide produced by the reaction with D-amino
acid oxidase and suppresses degradation of a substrate
or a resulting product. In addition, FAD may be added to
the reacticon. FAD is a coenzyme of D-amino acid oxidase
and addition therecf is expected tc increase the
reaction efficiency. The addition concentration of FAD
is preferably 0 eguivalent amount or above and 10
equivalent amount or below, more preferably 0 eguivalent
amount or above and 1 eguivalent amount or below, more
preferably § eguivalent amount or above and 0.1
eguivalent amount or beleow, relative to the substrate.
[o10¢9]
15, Stereo inversion reaction

In the stereo inversion reaction, the reaction is
performed in an aguecus medium in the presence of the
above-mentioned substrate, the aforementioned D-amino

acid oxidase, the aforementioned aminoc acid
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s reaction of D-amino acid oxidase and suppresses degradation
of a substrate or a resulting product. [0110] In addition, FAD may
be added to the above- mentioned reaction. FAD is a coenzyme of
D-amino acid i0 oxidase and addition thereof is expected to
qé:rease the reaction efficiency. Thg concentratlon of FAD to be
dedss preaferabaly% equwalZ {or above and 16° eqalvalents or
rBERMWE ThbiE Breteralily BYediiivaleht BPao ahd 1°&qdivalent or
shelows anere prefesahly d5equivaleatar above and@.dtion.

csqu'i/g@ta@wﬂi%vg EI@PMSJQ tB@é&E@H@%J%&&A”@Pd&H@

a coenzyme such as N be added to the above-mentioned

“&RTéd ?ﬁvé’réuo%”?e%i:%naﬁ%@n%ﬁ&ﬁ %% £BGefiRhesithtas

dNADR :nobadded gheukattienenay proceed Hueto @ toénzyme
pyeh @ NAD present in a microorganism. However, addition of a
coenzyme ch as N bs ex e%ted 19 c{n%rease tpe reaction
eff|C|ency e &Sheen atlon f a coenzyme Such AD %0 be

naadéais 25 qsreferably-0 eqthvalent OF%WQI&?\M eHUW@ﬁts%?ld

oheloys anerei peefarahly .40R0 L equivalents of ebovecand dddase the

rggwﬂﬁn@ Pwﬂ%cwr%@f%@%&t@%grq%vf'ﬂ%atﬁ Uy pe

above and 0.01 equivalents or below, relative to the substrate.

aﬁﬂﬁ%e%epﬁﬁﬁeeﬁﬁﬁtkﬁf thé 3B 5OGRE o theXtT Ry mhé td Be
egdded isnot particotarty limiteds ibisegensrally 2equivaleaisor or

aBelow,  preferably Ovk @QHB’%‘%ntéélroQﬂOWoH@rsﬂH?@@QM 0,01
%ulvalents or bel%w from the e%t(])nomlcal asp ects %ﬁgli
0 the

eﬁuﬁﬁermoFe ammonia of a sa ergofLmayeb &ddéd
r&bévd-rgetorieth sterdas in#ersion reaction. The concentration of
pmmopia to be added is preferably O equivalent or above and 10

equivalents,ar. below, more, preferably.Q caulvalent or.8Pewe 8ideq «o
2 equwalents or
the above-mentioned stereo inversion reaction. Even when

a coenzyme such as NAD is not added, the reaction may
proceasd 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 eificiency. The
concentration of a coenzyme such as NAD to be added is
preferably 0 eguivalent or above and 2 eguivalents or
below, more preferably (.00001 eguivalents or above and
0.1 eguivalents or below, more preferably 0.0001
eguivalents 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 i1s not particularly
limited, it is generally 2 equivalents or below,
preferably 0.1 equivalents or below, more preferably
0.01 equivalents or below, from the economical aspects.
fo112]

Furthermore, ammonia or a salt therecof may be added
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s below, more preferably 0.1 equivalents or above and 1.5
equivalents or below, relative to the substrate. (01131 The
concentration of the substrate charged for the above-mentioned
optical resolution and stereo inversion to reaction is 0.1% (w/v) or

t%bf{\@eagg,gg% {wh).or below, preferably 1%, (w/v) or above and,,
60% (w/v) or below anofl the reactions are per ormed in a

%ﬂ§§&ﬁﬁ6ﬁ%¥°§u§5er?§?8ﬁ Btdteth Whidf e ebtiBAtémperaturd
dputherdbove-mrentionsd resdlutiore reactioheand: sterebelsw, more

Joyersian ieagtianis;contglled tp a suyifable, terpperature oL 10C qf.
t§10ve and 80C or elow&]?referabl 20C or above and 60C or

Bei8W, aRdtRe” Feaction tixtire'is“SBb8 or irfedfor L& tiffe 1+
aRhile’ Ueuping dte pelatrnotiess thas pHh4 dml sebmiore than 20
13:preferably not less than pH 6 and not more than 11. In

addltlopfl th% sgbstrgte @?/ﬁbe dggd aft Qnece, 0{ ad(%ed bé_/d for the

portions or COﬂtInUOUSﬁ € above- mentlone resoluti

FeAthoR it S0 ﬂﬁfelrgrbh re2gfioh may b peffofhedl By:gersion
ratchimethiod or. a continuous methode 25]01%4% The/kesadutiare 1 ow,

p@@@g@a@ﬂﬁ stereq, jnversion. xeactian,in thegpresent invention can _

be performed using an immobilized enzyme, a membrane reactor
télr?d 158 fike ° A tﬁé adiUEoUE REdium, %‘E&ﬁé%&f&éﬁ% fRich as
swater 8o buffer2ar agireousimediuns containingra waterselubte in

t@@&aﬁﬂ%$@|~\/ﬁ8hw@ﬁ@§ 6tbapol: a:kilayes system Withy altereo
uequs medium. containing a hardly, (?tecr soluble or%ﬁmlc

si?ol\‘c?eﬁt:L such a8 Ce%hyl ace?ate bujfﬁ acetate. toluene Sroform,

LeirpsaneiarRd the e Cantbebsed. 35 Furthdrnrareb ahtioxidant,
pswfactant, coprzynae, metale 3% anditve like canalsq beradded
r\é.fgex;qQgcgﬁéﬁfg{réolg%%@oxaaét'%9556&6%%@5%” reagtion. ;1 ¢

Next, as a morepgorefera e embodiment of a stereo
keeplng th at not less than pH 4 and not more than

12, preferably not less than pH & and not more than 11.
In additicn, the substrate may be added at once, or
added by porticns or continucusly. The zbove-mentioned
resclution reaction and stereo inversion reaction may be
performed by a batch method or a continuous method.
[o114]

The resclution reaction and stereo inversicn
reaction in the present invention can be performed using
an lmmobilized enzyme, a membrane reactor and the like.
Az the zqueous medium, suitable sclvents such as water,
buffer, an agueocus medium containing a water-scluble
crganic solvent .such as ethanol, a bilayer system with
an agueous medium containing a hardly water-scluble
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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5 inversion reaction, a production method of L-amino acid from a
racemic amino acid, which uses D-amino acid oxidase, amino
acid dehydrogenase and an enzyme having a
coenzyme-regenerating activity is explained. In this embodiment,

a reaction iskperforme in an aqy;gug edium io in the gresence
a the like can ads? be e erg [Slecessaaf
a racemic amino acid, thé aforementioned D-amino acid

b%itasE, amino acid dehydrogenase, an enzyme having a
1Goenzyme-reganeratisige astvity: withsa eampaungttenbe a

substrate thereof. [Q116] is i odiment.. ase-may_al

be ad (.—E%.ICAsgt eaggggljra%se? %rr%ogs]e;%cl}t%d%iﬁbtﬁgla%%%mgr%trirc])ane% égef)
Ve rE apflad&eCant BRrused JOHEA Y th& présentinvéntioh: Bachc 4
fafob-amiro-acitc 20-oxdase; aiminehacitd dedwelrogendss; and d
&1a4ue haying,a cpenzyme-iegensratiog actlyity Which e naving a

produced by cultivating a transformant, can be used as an .y
CERRFHBESER AHitf 84 A5 66 Usetias & trastérmant or & F02S
sfregebysroduct thereot darel the aebtedproductaof 28iusous mediun

i&ﬁam&f@r@aagml sagoe{e&@tr)za@fﬁél:lra@leﬂtr@&d&regz% dried
anism of cultivated microbial.cells, acetone dried organism, or
e S ot ST Tas, ToEo] i B e o
SRROtteRR thePgeRés BF BYB0 &N ach] GXiBasemamifF aeRrating
adehydrogenase, and anpenzyine having asooenzyate:regenssating
glivityyin the present invention is used for an enzyme reaction,
microbial cells obtained by culturing is used undisrupted, whereby

reaction’ yieid taR B MPioved &8 5RARFIhEHEaBST tiftte AT DS  ~°
tslrorteried {corresporiding 38 te the beldve-ndticneth Exansles 11 .

cl3 and14). JOA1191 TheLoncept of the "undisrupted™ or "using
%i%r:LoHal cells without disruption™ includes not only

In the present invention, each of D-aminc acid
cxidase, amino acid dehydrogenase, 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 therecf. Here, the treated procduct of
transformant means, for example, crude extract, freeze-
dried organism of cultivated micrcbial cells, acetone
dried crganism, or a disrupted product cf them.

{o118]

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 cbtained by culturing is used
undisrupted, whereby reaction yield can be improved

and/or the reaction time can be shortened (corresponding
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s the absence of a physical or chemical treatment is applied to the
microbial cells but also the presence of a treatment (e.g., drying
treatment, freeze treatment, freeze-dry treatment, acetone drying
treatment, or addition of toluene, surfactant and the like) well
known iq to those of ordinary skill in the art, which aims at

iRcredRiny Y cBf Membrthe permesBiiloffte Mitrobial cells.

[baeo} IFurthermore, each enzyme can be used as an 15
immobitized-enzwpe chtained by.immohjizing an.gnayme igself or
Alicrabial cells by 2 known method, For Immobilization

crossimking method: covalent bonding Mathot! phéral 2ot only
fs oA Fiethbd? IMAINSIBA Thethod-and Lthelliker siick are is
denowire methotsdonthasecakardirary 2@ skilldn the akte CBADLR nce of
p .-]0121] Jn addijtion, FAD and/or NAD and the like ma
abztr%%e%% POL tk]1(e?e ééé&e?rfn%%&o{etdr reeaaqgtl%%lf\l‘rk%réer%éﬁnft of Eﬁ\rb‘%nt’
MABF &R THe ke B EddEF RE A8 InSicHitPabe v P02
agrthiernore; amioniz or ausalttvereaf may heraddedeato ther 1 known

-apauesmentiongdistereq inversionreaction, The gancentration of

;ammonia to bt%bgddeq Js greferably 0 equivalent or above and 10
Equivalents or beldw; more S0 preterably 82 aqdiviidhts thabove

T&rd 2hdddivarehts or below, more preferably 0.8 equivalents or
dbove pnd 1.5 equivalents or below, relative to the substrate.

101237, In this,embediment, racemic amino acid represented 35
by the aforementioned formula andccycllc amino acid 38

FaptRdentet oy e FsnflnaAr 8dn e d88whs ki sibstrate enzyme
iwbkeidindherconditicns suell as copcentnation atthe-substrate
icharged; seaction terperaturs, fegetion p and.they ke are also
mg§g3§9ag%§§9ggﬁ'adsorpticn methed, inclusicn method and
the like, which are known methods for those of ordinary
skill in the art, can be performed.

[o121]

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

[o122]

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

[0123]
In this embodiment, racemic amino acid represented

by the aforementioned formula {1) and cyclic aminoc acid
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5[0124] 17. Isolation of resulting product For isolation of L-amino
acid, 2-oxo acid or cyclic imine thus produced, they can be
separated and purified by a conventional separation method, for
example, so separation methods of extraction, concentration,
crystallization, column chromatography and the like, or a

ombinatiof thereotPExarples 0125] BAA lie oRfRIERENDles
santsRefdrencezampleshs asofaliovsrExample islsolatiomandt ion

6%"@%@“9&6&%%@9@“95%& e%@dﬁéﬁ5?%Eﬂp@é§ﬂ%¥%¥¥E%§Oieaction
D-amino acid oxidase 20 Example 3: Determination of internal
Bamiie adil Settithcd” bf DEAMIAS abitFOKAEEE BRiHfle 4:

lselaioh of D-amino acid oxidase gene Example 5: Preparation of
Trecomiinantiplasaid exprassing Bramine.acid Oxidabse geng ’ii
Example 6: Preparation of transformant using recombinant ,
contai%li%f; 5-S§rr€ﬁ1£ol§cr;lldoofxi§§§ién b%ﬁealf%gﬁplge_‘?:%yﬁtﬁle ifof cyelic
HMERFnE LT BF 25558 AcidtBy redalution eaRtion iising plrifiegi fied
R-aminonacid oxidase fexamplei 8nSyethesis, ofb-aningmaid by
dgsalution3o feagtion,using strain having D-aming acid oxidase

activity Example 9: Synthesis of L-amino acid or 2-0xo acid by

e %Fu%ijojnlrzeaa tidh using e sFOrR AR Ay SiReSadf the like, or
2| -phiehyzdadioe didkphedylpyruvic acid 35 from

DL-phenylalanine 40 (2) Synthggis.ghlphenylalanine a_md

ngggl yruvic acid from DL-phenylalanine (3) Synthesis of

-4l

uoro-phenylaianine from DL-4- fluoro-phenylalanine
A list of the Examples and Reference Examples is as

follows.

Example 1: Isolaticn and purification of D-zmino acid
cxidase

Example 2: Properties of D-amino acid oxidase

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

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

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

Example 7: Synthesis of l-amino acid or Z-oxo acid by
rescolutien reacticn using purified D-amino acid oxidase
Example 8: Synthesis of L-amino acid by resclution
reaction using strain having D-amino acid 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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5 (4) Synthesis of L-Norvaline and 2-oxovaleric acid from
DL-Norvaline (5) Synthesis of Q-chloro-L-alanine from
13-chloro-DL- alanine Example 10: Synthesis of L-amino acid
using transformant io (1) Synthesis of L-phenylalanine from
DL-phen¥IaIan,ine 2) Synthesis of L-phenylalanine from
ﬁﬁ-pﬁ%ﬁy%ﬁﬁiﬁeoé)%ﬁﬁ%%@&@@-ﬂ%%@pﬁéﬁ%émﬁélﬁb% acid
- Bhord-phehyledanine (4) Synthesis of L-Norvaline from
BL-Noywaling 115 63) Synthesisebldeusipe fromRlleucine sy,

%ferenc%g%@ %Ie 1. Preparation of transformant having

Yy

& e%g/faflgnlne e ac?rloré%nase activity Reference Example 2:

repa¥atidit 6f fraffdrmimit tralig leadiné detwidrégenasecid from
Dactivity 29 Example 11: Preparation of transformant having

Byrave. e gxidasg gy, aging acid defivdrogenase acviy
and activity of an enzyme having coenzyme-reégenerating %ﬁﬁlty
Fa§PréfSaration of transformant having D-amino acid 25 oxidase,
Heavimeddydrégenase andofbrmate debydragenasen activisies {2k mant
Rrepsyatior of ya@ﬁ@fﬂﬂﬁ@ﬂ%ﬂg%ﬂw'@9&9'%‘?—?8%%%(‘?1' Y& he
(%ghysdrgggg%se agg fI(J)[rn]glte dfh¥drogenase activities 3 E?) .
feparation of fransformart having D-amind geid 'ohdase, 13 1anine
(phermyaiahffe deRfdioyenabecarndt forematéadehydrmgenaseDbL- 4 -
factbattes e Rrepasation: of transformant having D-amino acid
(@dsse-ARaalnine febydiogenase andformate 35 ..
dehydrogenase activities 41 [ xamplerlgén:.l roduction of Dzamino
‘ééid%%i‘éc' 8&S hSinyf tanstohian ExsmpRl13esgatiesis of
ReNorvalire Trsimgp fransformant ahavingrD-amings=acid oxidase, having
pK%K¥¥%Q@hﬂ$@g§@@§§fggénase activity
Reference Example 2: Preparation of transformant having
leucine dehydrogenase activity
Example 1l1: Preparation of transformant having D-amino
acid oxidase activity, amino acid dehydrogenase activity
and activity of an enzyme having coenzyme-reganerating
ability
i1] Preparation of transformant having D-amine 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-aminoc 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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s formate dehydrogenase activities Example 14: Synthesis of
L-tert-leucine using transformant having D-amino acid oxidase,
leucine dehydrogenase and formate dehydrogenase activities
Comparative Example 1: Synthesis of L-Norvaline using 30
é}r{aarzlgf%m?gt.h%\ggg D-tamino ci% oxidase activity, and )
franstormant having l6ucine denydrofahasé ahd fafmatse wsing
deRAr6g@Aase activities Reference Example 3: Preparation of
Arangfioenant havingh toymate dehydseganase agtvily 18 rans formant
RBefarence Example & Preparation of fransformant haying leycine
dehydrogenase activity, an orr_na’te ‘gehyé]rogena eac ivﬁy
TREFAERCE BXTHES 51 paratioh 6f frinsformant having
Hremdalabie dehydrogenaseé dctivity tand fermate:2Qng

tdehydrogenase activity Reference Example 6;,Preparalion,of,
tr%nscfgrmgnt havmxg B Df—amln% acid oxgjase activity [0126] Specific

Sxamples o the presentifvahfion Aré 28 ar Beftiv. ‘riowesar,
GPEAGEIEAY MVEREDRTS Ndt IFited ¢o tresefekathptos: [0227hsing
t(Exeaaplerbisolationana purifisation of Do%mﬁ@@i @Cisgc @@qae%?,l 3%1’1(:1

ida inter. ia.NBRCO761 strain.was inoculated_into 6 ml o

et T Bhoe M EORET 1 o3h K PEA T
A6 %85 WGSRE0-2 £ FEEEI6H20 0. 002%, corn steep liquor
R 494 epld<5. Rbeforesterilizaton)iatesh tulie anshagebically having

selltred v&igp&ggg' 9-at.30G écgri;%g;@ hr. 4 ml of this culture

<Sqlution was inoculated into_42 400 ml of a sterilized medium '
SUCT6SE 1650 RIEUHI PO R ST KioP64 o356, Mgsos having

19104 nFedis BHIZOIG.00290,2c0ThV Steep kqubri: 86 HsAD

dePHBIeR=alanine-QA8P%, pH 5.2 before sterilization, FAD and

Rg%%@ggg%m@§%§gggnggb%reparation of transformant having
phenylalanine dehydrogenase activity, and formate
dehydrogenase activity

Reference Example 6: Preparation of transformant having
D-aminc acid oxidase activity

{o126]

Specific examples of the present invention are
given below. However, the present invention is not
limited to these examples.

{0127}

(Example 1) Isclation and purification of D-amine acid

cxidase

Candida intermedia NBRCO76] strain was inoculated
into 6 ml of a sterilized medium (glucose 1.65%, NHH,PO,
0.5%, KHyPO, 0.25%, MgSO, 0.1%, FeCls-6H,0 0.002%, corn
steep liguor 0.1%, pH 5.2 before sterilization) in test
tube and aercbically cultured with shaking at 30°C for 12

hr. 4 ml of this culture soluticn was inoculated into
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5 added after sterilization by filtration with a 0.02 .tm filter)ina 2 L
Sakaguchi flask and aerobically cultured with shaking at 25C for

22 hr. [0128] After completion of the culture, microbial cells io

were harvested by centrifugation, suspended in 50 mM
Tris(tris(hydroxymethyl)aminomethane)-hydrochloric acid buffer

1Pf 80) distruptéd by dorficafiGiE iad ‘cuttdfeRed! AhAfonitiriz2POs
sutfafe wasaddediethengypernatasat, resultingin@ caneeniration, n
of saturaled is-selution of 40-§0%, and the genergied pregipifate, , 5 ,
was then obtained by centrifugation, This fraction was dissolved

TR B0"MME TS HydrBERRRiC 44 bifffer (oAt 870y  BidigF&d rfiterately
zdune buffes rapplied toi DEATNT OY GREAL {manufactired by. 02 um
fosoh-Corporation) forcolumd20 ehramatagrapby washed with

the same buffer, and eluted with the same buffer with the
Concahtratidn gradisht 86 M 10°0.4W sodidth ‘chloride to

déllet bin active fraction. Ammonium sulfate was dissolved in this
active Afraetionctana fieal saneentration: 0f 1 Meand the 25:mixtdee 1 s

as appli I- ufact reedn Toso o
%Gr%poiggggr%%%%){?ymg%ﬁggéélgarga%ﬁg'a%dl léf)ute g\%itﬁ 5(')% r%M "

i hYarothisifc 8&dBuer (bRP8ToYRFith ARE \concdhtdibar 1 acid
kgrafifent frdm 8l M to 6 M anprhedium  sulfate aTheractivedraction

dbus obtained wag.subigctrds30 to, clumin chromatographly, using

S6 mlrof %%?QUB:QSI’EU% manufactured by Amersham Pharmacia 4
éli%?e&%, Washed® With 50 M Tris-RYAFOChIGHC A& BifféPprF2<e
B0y, tarvd ellitetPwith the Zafné baffer wthatheccancenteationte was
wgradientframdiMto QhMrsadiyatchlgride, iherastive 35 fragtion
dhwsarained wag copceptrated using an A3 ulliafiltration. -,
membrane (fraction molecular weight 10,665), ap_pched to
“siperdesc20 #R 10/36 imaTifactiifett by ARRtsiidmtPhafiacia
TBittEER) fof meh filfrationdsyd ERLCpand etutedowith 50mMcr column
cgg%ﬁwggagygﬂ9?cwgshed with the same buffer, and eluted
with the same buffer with the concentration gradient
from 0 M to 0.4 M sodium chlcride to cellect an active
fraction. Ammonium sulfate was dissolved in this active
fraction to a final concentration of 1 M, and the
mixture was applied to Phenyl-TCYOPEAL (manufactured by
Tosch Corporation) for column chromatography and 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 & ml of RESQURCE 0
(manufactured by Amersham Pharmacia Biotech), washed
with 50 mM Tris-hydrochloric acid buffer (pH 8.0), and
eluted with the same buffer with the concentration

gradient from 0 M to 0.4 M sodium chleride. The active

fraction thus ocobtained was concentrated using an
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s buffer (pH 8.0) containing 0.15 M sodium chloride. The resulting

active fraction was analyzed by SDS- polyacrylamide

electrophoresis. As a result, D-amino acid oxidase was detected

as a single band, confirming the purity of the purified enzyme. 10
uE.Otlr%ig £ 3(%1%(%”@3]_%1% )rrl? rggggzl'%s _cffflgéa(: Engna%!gloeXIQJ%%% T‘L'lee ight

properties of the punﬁe D-amino acid oxidase obtained in
1ExShthle 13RBIE BRaRfinEd RRTORGWS OfSgEtifiC activitie Thec tured
bactivityrehtive Draminocaeideoxidase wase measuredly-quantifying
rBydrogenperoxide; pradycedhin, ihe. faaction by, an.enzyme . ; 4

method usinq3 peroxidase. Hydrogen geromde was quantified by

PRA Sy nietRod S T6ifdeS. 250 Lot i chfdmbehit saiiten The
regnfaiding 50020 vaMEDeHany|alanime] 0180 piMby SDS-
péﬁ%ﬁ%%Eﬂﬁ@%ﬂ?eeiéﬂtﬁgghoreﬁis. ﬁija resglﬁ, D-amino
N:ethyl-N-(2-hydroxy-3-sulfopropyl)-m-taluidine, 6 u o
A TR b B G 1) e mioFr = ins
CRgdriEhidic aéidaferipH 890 Was ifiged with 50 | of an
Bpprepriately diluted enzyme soluti_on, and the 2s mixture was
(Eeagted at 30G{or 30 min Apsorplign;at, 550 was measured,
and the amount of hydrogen peroxide _produced in the'reaction
mixtu%’ﬁa@ﬁﬁé@rﬁi*ﬁéﬁ%a@sfeagl%ﬁ et draificd @ifve prégarednt <2s¢
chtvanee. The ansounitofl theeenzpmenthaepgroductdll onel .of
[Bﬁgmpg@&%wfﬁo 1 rqci_nute Wasd(_:iefined aés 1d;mi(tj. In o
additign, protein was ntified.according to,a Bradford metho
using%A aa%%aiL Vsjtaﬁd(ré;]ilr%gl Btf;]oet:%. alrﬁjéngpgc?ﬁc% a%ﬁ\:}“lé} 8fthe®
nBAAREE DA BERFORIAESE WHE 4B MTAKIMEFSrotsindBoT). in
tf&i&%ﬁ&meeyeeﬂhe D-aming acic oxidaseagivity fos Ak .
ngapunng the nroperties of the enzyme spOWNDEIOW WaS, .y o -

measured as follows. 250 | of a substrate solutlor] containing 1QO
EHMDE-phemfatahirte aAd B ATV T975L hy8rociiéAe aerfbaffeing SO
npEB-0hemglmartamed &.30Cm 4-amincantipyrine, 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 pl
of an appropriately diluted enzyme solution, and the
mixture was reacted at 30°C for 30 min. BAbsorption at
555 nm was measured, and the amcunt of hydrogen peroxide
produced in the reaction mixture was guantified 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 addition, protein was
guantified accerding to a Bradford method using BSA as a
standard protein. The specific activity of the purified
D-amino acid oxidase was 44.8 units/mg protein (30°C).
[0130]

Moreover, the D-amino acid cxidase activity for
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S (each temperature for determining the range of operative
temperature and the optimal temperature) for 5 min, mixed with
50 gl of an appropriately diluted enzyme solution, and the mixture
was reacted at 30C (each temperature for determining the range

of Qnerative %éempgr%tygg and the gptimal temeperature) for, 5
em?n 10 1¥of 3N ACTwas added totstop the Teaction. T en, ]‘fdb fas

Mg BRFSmdge-isdltifon coftaiting 6.80 ﬁﬁm%raafﬁmo%m%lbyﬁﬁ@,
cBamM Nzethil-Nat2-by oy 81 sliopropydam - iuidines Hiw/ml
mReroxidass 18 (@@Mf%&e%bx&%oﬁom ) A0 R0 mM résc 30°C

hydrochlorlc acid buffer B , which was maintained at 3
(37 5 mity Was Mixad with 186"1 oF thé “Afrémentioned r8£cﬁ8ﬁfat”e
tribae e tAlFSorpaen Et S55 R vas-rreastrdd rand flier amaouit of

mRydregenperoxide 20 praduced inthe reactionMixiviWas, yme
lelantlfled based on, the >a£a Q/tlcal curve pre%red ugggvance
ﬁ) Peadtirerent Sr KM Valier Uiy DFhé as sabsfafd

tﬁf&?&&ﬁﬁ&%ﬁﬁ 25 meastred abfarié s sapsfaicomceritatiths
tang¢he Knmevalue retativedtdiRPhe wq&detem&ett dromithe. 10

uesylitssshown in Fig, 2.the Km g%'gg relative to | klg W%%tabo%oo

1 7 (not less than 1.6 and not more than 1.8 mM

HioRZorital BXFGFGHS the® Pciprotial prstiSot ot it Qut?sotré&’é 4-
aponcentidtionrand theé veitical axis showsitheretiprocal piot of the

s?qtba%maal xr[]R@eqelpam@cticm temperatus.and f@ﬁimai |
e Bt .  hone P it 45
hyEMAfES aF Yarivas fempefattrd® b\/r?erpthe &ty at280Tssntained
2108%cThe enzymenwasighly-activeiatleast withia the examined

a %thggbqpe%’ %Qg% m% QRUQ{@]‘: ttEP?aD.e r%w’seo\yﬁ i%Q)C_aSQ CS 55 nm
was measured, and the amcunt of hydrogen peroxide
produced in the reacticn mixture was guantified based on
the analytical curve prepared in advance,

[0131]

[Measurement of ¥Xm value]

Using D-Phe as a substrate, the activity was
measured at various substrate concentrations and the Xm
value relative toc D-Phe was determined. From the results
shown in Fig. 2, the Km value relztive to D-Phe was
apout 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 recipreocal plot of the activity.

fo132]
[Range of reaction temperature and optimal temperature]

The range of reaction temperature and the optimal

temperature were examined. Fig. 3 zhows the relative
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5 [0133] [Range of reaction pH and optimal pH] The range of

reaction pH and the optimal pH were examined. Fig. 4 shows

relative activity at each pH value examined using a potassium
phosphate buffer for io the pH range of 6.0 to 7.5, a

Tris-hydrochloric acid  buffer for the pH range of 7.5 to 8.8, and a
Fothim " Eadatd Bife? for- HEPSHYANGR O 18 To 1025 ARith Vikey at
HetivitysatsH 8.0 ah206%: e enzymeqnas astive ak lgastwitbin

v;heie%@nya@dgggg%p;mgnﬂg%So@n%h%dscf)ptm%' RE was
8 5 9 5. 0134]wg emperature stability] The temperature statglfty 0

Re&en éyn%léf §/a%® daslretbised on the residual activity after a
tf@ét?@ nt 20 at each temperature for 10 min. As shown in Fig. 5,
theneazymerwas stable &t 4&@051@&3@ 10%33] [pH stablllty] The

pH stabjlity was %x%rqugeda Fig 8BS lg;ws the %5 resug ctlv y of
¢ 3 with free

the enzyme after a freatment at 30C for. GEr at each
SXANI A pHBLE ast GE9" 3 Totassitm pRé<phdiE @ﬁfe?a/vés pH
wserkforthe pH dange 0662 t0>84ls i Trisdtydsechiedc weikbuffer »

“Mas pigedafordhe pH range, of 7:6 tq, 847, 1@%?&95’%0013{Q0n%
bu%Quffer was, sed for the§H ran%e of 8.7 to 10.4. This enzyme

was compara% Iypsf{aﬁfae pﬁf7 §7tﬁ)1§36ﬁ [M@%lﬁe
IheRtrdeweighiEThe paoletalar veight wasiméasured ind . 5, w1th

teeMpansen t35 vithsthezelution time of therstandarghprofein %g%e at
l%@ filtrafion ghromatogr; ph and found to %Ib t 52,000

less than 230,000 and r%ot r)%o?e fhar 588%0% '#Je su:‘dumf'1 th@
O%bfé[&ﬁa#’%e?ﬁ’rﬁ Was fiteasured in comparison with the mobility

bt e $tandard protein by SDS

[Temperature stability]

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

{0135]
[pH stability]

The pHE 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 pE range
of 6.2 to B.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.

{o13s6]
[Mezsurement of molecular weight]
The molecular weight was measured in comparison

with the elution time of the standard protein by gel
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.S polyacrylamide electrophoresis and found to be about 42,000
(not less than 39,000 and not more than 45,000). The D-amino
acid oxidase of the present invention had a hexameric structure
consisting of identical subunits. [0137] io [Substrate specificity]

F‘Erﬁisgp?gate gpecm%l of thhe purlf C%D agnno %md X|das%\5/v SOOD

examined. The sugstrat DE- heny Ahine used in the
@rdFerh®hfiohB8 2y e S8tRA d5_byWaS chBnged §6 cdth) - The
ssubstratepand the £nzyaieyas activitynnasumeasuredckable dson with

tmo\%%mq@gﬂx% agllviyvalues with he.actiity to3-Phe as
O% Table 1: Relative activity values [0138] [Table 1]

DSt RV AR S oS E TR RN bt 418 Felbtivadrdie &ivafout
4§eti3\ﬂt5}/ detivityl B6®) (9 1%) D-FHD 160D BDThmé FeDLHNon4dingo o) .

19380 Dixr2:D- AA@J@%;Q@@Q 0@@5 @@ain% 12 %rnlew%i;@oafpi@ad a
h(ex -DL DL% §7DAS 0 %76AI et 100. %#

LPe £3DL 018 f&?a Vaﬁjﬁa D-p

k8737 1-Leu 0.0 D -lle 16.6 D-3,4- - L-Met 0.0 dihydroxy- 5.7
[BuSer1d:3pheerygbiiiei:3Pro 0.0 D Asn 5.8 D-His 4.2 L 0.0
NOHEWH@ substrate specificity of the purified D-amino
acid oxidase was examined. The substrate DL-
rhenylalanine used in the 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 values

[o138]
[Table 1}
subst- | relative | substrate 'relative substrate relative
rate activity activity activity
(%) (%) {%)
D-Phe 100.0 | D-Thr 4,728 93.8
Nervaline
DL-2~
D-Bla 129.1 | D-Arg 0.05 |&mino=d- 17.2
Br-butyric
acid
B-Cl-DL-
D~Leu 86.7 | D-Asp 6.0 17.¢6
Ala
D-Met 100.51D=Glu 0.0 L-Phe 0.0
D-Pro 44.3:D~Lys 0.01L~-Ala 0.0
D-val 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-Ser | 11.3 phenylglycine L-Pro 0.0
D-Asn 5.8 | D-His 4.2 % ' 0.0
Norvaline
D-Gln 5.8 |DL-a- . 194.7Gly 0.0
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D -Gin 5.8 DL-a- 194.7 Gly 0.0 47 phenylbutyric acid [0139]
(Example 3) Determination of internal amino acid sequence of
D-amino acid oxidase 5 The D-amino acid oxidase purified in
Example 1 was reacted with lysylendopeptidase in the presence
of 4 M urea. The resylting polypeptide fragment was purified by
I reversed-phase HRLE; @&nd the internal amino r%crd sequence of

the D-amino acid oxidase was determined io using a vapor phase
grotelnL equencer. [0140] (Example 4) Isolation of D-amino acid
gene A chromosomal DNA was prepared usmg an

sredg.mmfataﬂes;uee,izﬁr@ramrarabrabra@l-s obtarned by culturrng

Candidg intermedia NBRG0761 strain in the-same; Ji“%%% %Se'rh was
Example 1. %0141] Thereafter, PCR was performed using D

TSAMEFS 26 ﬁrrﬁﬁﬂl%&’&ﬂ%ﬁﬁgﬁ@ﬁ R&: 5, drid Of 4 M
uPemer-2h8eguente ListingeSECE D NB: 4y dgsignedwsasgelon fiied by
SR hamoalogous tedhe known Bsaming acid.gxidase seguence
Wlth the chromosomal DNA obtainped above asa tergplate PC
WAk Petforiied B addify D25 ForER tad DNA Y5 pol§nierasd®
u@naguiact@ee by Takare Bio- i), 52419149 x Ex taq buffer
(manyfactured by Takara Bio Inc.), 4 41 of each 2.5 mM dNTP

i%'%%@ea’&? %'s%fi %q%e-of %5- i E:VHSV,§8'§“éi°£‘§i(§gs$ez'\é)e%°e
reactiéh MIXRIFEIAEE30 ‘Pé]t%l YADOURE B B stiBjERlng the ikfresan
Mioc3@ kdycle SR heat denatnatan (34En60:sec) rannéaling (40C,
LQ@é@Q%@PQe%O”Q%OU reaclipn,(72C,+6Q seck, and coQling.the

mixture to 4C.
culturing Candida intermedia NBRC0761 strain in the same

manner as in Example 1.
[o141]

Thereafter, PCR was performed using DNA primers
{Primer-1: Sequence Listing SEQ ID NO: 3, and Primer-2:
Seguence Listing SEQ ID NWO: 4) designed based on a site
homeologous to the kxnown D-aminc acid oxidase seguence
with the chromosomal DNA cobtained zbove as a template.
PCR was performed by adding 0.25 ul of Ex tag DNA
polymerase {(manufactured by Takara Bio Inc.), 5 pl of 10
* Ex taqg buffer (manufactured by Takara Bilio Inc.), 4 ul
of each 2.5 mM dNTP sclution, and 1 ul each of agueous
primer solutions (20 uM) to 100 ng of template DNA, and
then deionized water to give a reactlicn mixture in a
total amount of 50 ul: subjecting the mixture to 30
cycles of heat denaturation {84°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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48 (0142] As aresult, about 750 bp DNA fragment of a part of the
desired D-amino acid oxidase gene (referred to as a partial gene)
was obtained. s [0143] Thereafter, the following operation was
performed to obtain the full length of the desired gene. In the
?bove- entioned partial gene, DNA primers (Primer-3. Sequence
Li%ﬁé EQ ID NO: 5, and Primer-4: Sequence io Listing SEQ ID
NO: 6ytdwardthe dutsidlecdifectioh of tHé paficl gemetwelre 2 part of
wyathesized hased-onm the: base ssequancescrasponding o both 5
plg-lt%rglpa&g}gg) aﬂ%sc' tgggirg%!g!de of the enzyme. Inverse PCR
was performed’ using these primers and, as a template, a DNA
6Btafidd 15 by digesting the chromosomal DNA obtained earlier
with a Ttestrctitneenzyme Hiotl andreydizingewitbra 14 DNArrormed
digase: PGR was pexformed yinder the,same condilions as above
xceg thattthe annealing temperature was set to 57C. 20 (0144
RS LRI AR BOR LS kB BRAragiorE CaFRARIre tHebgens
Seasiiecthelpartiah geABAlEAadYC obfained dvas- amplified. Aftenence
rdeferminisgdhe base: sequence ofthis DNAFagment the basg -
~Seauence. was 25 combined WItQFthe .bas§ $equence of the above

partial gene to determine the fUll base sequénce of the BEafiss

&G TKiFEs & §ERE TRABBIHFthe s fuen b Trermthea initidtion and C-
teogtdmtd thel stopecodor shawhns Sequeree d-isting w50 10 NOrned

u&+A% adesull of the analysig of the so bagse,sgquence, the obtatped

D-amino acid oxidase gene obtained from the chromosom

Poftaffett 2 Ekohd arfd 1 REEA™IO 1 AEFTRE toiliciFingGoerafienwith a
r@as performedtozafferdiarintronéess Byvaminolagidwdxidase genena
1kigsts fromghe 35 nickobigleells ahtained Py cultiking Candida, o .

intermedia .
ahove excCept that the annealing temperature was set to

57°C.
fo124]

As a result, an about 1.5 kbp DNA fragment
centaining the gene cutside the partial gene already
obtained was amplified. After determining the base
sequence of this DNA fragment, the base seguence was
combined with the base seguence of the above partial
gene to determine the full base seguence 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 & result of the analysis of the
base sequence, the D-amino acid oxidase gene obtained
from the chromoscmal 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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49 NBRCO0761 strain in the same manner as in Example 1, the

total RNA was prepared using ISOGEN (manufactured by Nippon
Gene Co., Ltd.) and by using the RNA as template, a :
complementary strand DNA (cDNA) was prepared using 5

TaKaRa RNA LA PCR Kit (AMV) Ver. 1.1 (manufactured by
NPARARAY . UsiAd prifferS(Prini8r518BHEENES LidtingrSERY 9DL +  the
tNCe B, Bl Reamer«6:Sequencei bisting 8EQ 1D-NOi Q) chaving &y
negqanceinavhich theN-terminal part.and, C-deminal part ofthe, .. |
D-amino acid oxidase gene were io linked with the cleavage site of
% Striction ehzymés Sﬁ%@?%nab@acﬁ “ReYpectfePTFE BREA using
Tiier8Pe e - fvaBCaniplifiedAXY PCR usinl-GDNeas Gatemplate, by
Twheraly. a DhA. dragmeat-Raving the open reading fame %@9\%@ SEQ
i quence. Listing SEQ ID NO: 2 intronless was obtained. 1
I[%la%) P%(fRa\/%}ac}s%%%r?eéd%ét' u%ggﬁl ﬁ{}ecéazatr}rﬁésctolnn(ﬁti6%1!j asin"0: 2
DEYARIE 102 BRF ekCeph it the arfolrsarepNARGSEd ada C-
teemplate waes:50 og and:tie-annealing-temperaidee: Wwas:setitor e
1806 20,[01471 il was confirmed that the deduced amino agid,

wSequence to b% encoded by the obtained DNA fragment
ESntaiiied tHe hternaf BRTihG Htid seb0&nEE b Hhs ERRahitrPAciH2 S
2pRibhsedetesmied mExamphi'3 awl that tre 25whtantecttBNA a DNA

fﬁragmm) mawnﬁfowﬂsﬁogmegefi@q%%zymlm Egéané@sueme
1.10148 ple.5) Preparation of recombinant plasmi
Lei%rlens%insg%g%ir&%) Acid &% 533%%%% 36 ﬁ'h%%ﬁmnfarggment

bibtdiAtd in Example 4 was digested with the restriction enzymes

Ndel @ik Sack By ligating,c usingrad4 DNA ligase,dbeDNAcns as in

effaggentiith the vector plasmid pUCNT (which can he produced,
by those of ordinary skill in the art based on the description in cLY

y '
*thé spetiftalicn BF 94036135 digestéd bt tHedsdfaperature

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 z gene cecding for the purified
enzyme of Example 1.

[0148]

(Example 5) Preparation of recombinant plasmid

expressing D-amino acid oxidase gene

The DNA fragment obtained in Example 4 was digested
with the restriction enzymes NdeI 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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50 enzymes, pCDAO03 was obtained that is shown in the
restriction enzyme map in Fig. 1 and designed to be able to
express the D-amino acid oxidase gene in large amounts. s
[0149] (Example 6) Preparation of transformant using
é(ral%omblnant DNA contalnln%D amino acid omdasg gene By
mixing the plasmid pCt5R003 Shtaifdd iR Exarfipl® §w\ﬁltﬁ?h§he
’é%ﬁ‘?p‘é%éﬁﬂ»é@llse@sz%hé‘ﬁ@mafboﬂ”ﬂqu@lWdo JdasliRstieto be able
compealesteeltnwere fansformad andplated @ona medium (10 g
of fryptane, 5 g of yeast extract, 10 g of sodium chloride, 15 g of
a)% r, 100 mg of ampicillin, messed up to 1 1 with deionized

t]e’f H 7.0 before sterilization, ampicillin was added after
Slerlizationy,) 15 whereby totransformant EscherichiasealzHB101
{OCRAN0R, (FERN BE:10639) 01 IR (PCRAGO3) (BERM o

con alnlqga recompinan

acid oxidast gé Aine cfiag%D@t?I%y O[}Oﬁ%bﬁl% f'r]ﬁeExamp:Le 5
Wotainteetranstoahant cotohyswag incatiatedcinite 6-ml b @B101 or

stellized medisndd 6 of Hymcmeu”elﬁegtgfmq ﬁ%&@can%ﬁﬁfated
odju d, OOm icillin, messed upto 11w
O§1e%n?§e§w§te? ' pH %70 bef%ngQsteﬁlzaﬁ] oﬁ amr}( C|ﬁ|n'ltwa}s(ta%adced’ 10
Saffer ﬁ&éﬁﬁzﬁ&rﬂ%ﬁ 4&st tibeTahd a‘é‘?‘éﬁcaljr)p BuRgredlf wighpicillin,
rshakéiny ap37€ for 23uwot29 heiMicrebial cells wyepharvested by e

seentitugation from the obtaiped %glgurgaa@@'ugktset?pslag%&hizatlom
1 M Tris- h%drochlorlc acid buffer (pH 8.0), and disrupted

by
sonlcéi;ﬁ'ona F RS insofIE ?ﬁé‘rﬁérad&‘i\}éd ﬁ%?'r? the!PCBA003)
migbidf delis3fas eeméNed by coMRifigatioNFIoRYive ID-ahaine)
caeid sexidage £nzymansolition fram thedransiomgant, Jhe activity ..: 4
thg D-amino acid oxhdtase was measure accordlng to the
C\ﬂ d déscribed in I%xamp € 2 using § 35°0.05%l of the obtained
éﬁ%y'?r?\le solution. As a result,

The obtained transformant colony was incculated

into & mli 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, ampicilliin was added after
sterilization) in test tube, and aercbically cultured
with shaking at 37°C for 23 %o 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, inscluble matter derived from the microbial
cells was removed by centrifugation to give D-amino acid
oxidase enzyme solution from the transformant. The
activity of the D-amino zcid oxidase was measured
according to the method described in Example 2 using

0.05 ml of the obtazined enzyme soluticn. As a result,
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51 the D-amino acid oxidase activity was confirmed. [0151)

Moreover, the transformant Escherichia coli HB101 (pCDAOO03)

as obtained above was inoculated into 6 ml of s a sterilized

medium (16 g of tryptone, 10 g of yeast extract, 5 g of sodium
-ghiofide, 100 mg of ampigilin. messediup {a.1 L.with,delgnized

water, pH 7.0 before sterilization, ampicillin was added after

Loy tion) in test tube, and then aerobically cultured with

shakingpiceatv@ZC foh 24 twaMidrobialdelBavderiaivestad froniiB101

%gﬁ@@me%gulweam%wmm@%imgammmeupiasmictnl of
P DAOQQ3 was recqvere Aprep Spin inipre Kit ..
ey E(Iéll) [§1§§ S st veast

(manuf%lc%ure by Jl}ffa he trahsfornant

eR&&Heichid coliHB oS {PCDACOR) drs défo S Pdn 2fRf Fo L1110
72006.ungerdeceipt number HERVEBR- 10639 (a sfrain 0 before

SQ%@ ﬂlga'{y deposifed with,the griginal gleposition date.ofiduly 2+ 5 on)

005, and transferred to an international deposition under the

l?o 'B‘h%%\p“é‘é}? Tredt) ahtithedPhrtofRany ESEREHERA B IMTHR< "9
2(pGDAOOS) wast deposited orpduly 11 0; 2006, wader hrecefstted from

Aumber FERM BR110638 fa strain domestically- dpposited Wit +he
the orl%lnal dep{?%%ltlon date ofJune 8 2005, a (% ansfer§ed to

P4k TitePnadtional depoattion 25 u%ﬁeer the Bidlae ?ea %) at the
MN|atiprabinsiitute of PAdvanced hdustRaPSé&Rnee and Technology,
{he daternational Patent Organism Depositary (1-1 Tsukuba- shi

Higashi, 1-c Omeﬂg%{r&q{é@é‘s §Q§r§%%§)a (1531 Ef’e%%xat’?é’f?ﬁh

SyntheS|s of L-amino acid or 2-oxo acid by resolution reac

“@GEing RATEHES-dHintadid Thid 4L Arrededsn wasS tafted 6UEEE
FR0E fer13dwiking 25 gaafithé D-amiihoadcid oXidaselpadfied i the

Example 1@&&@&%9'@%@1%@'3@&@ 2.3 of catalaseng

(Getazyme 35 251, maputactured by Noyozymel and 1 miof 8,50

Budapest Treaty) and the transformant Escherlchla coli
JM109 (pCDACO03) 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 trensferred to an international deposition
under the Budapest Treaty} at the Naticnal Institute of
Advanced Industrial Science and Technology, the
International Patent Organism Depcsitary (1-1 Tsukuba-
shi Higashi l-chome, Ibaragi-ken, 30%5-8568).

[o153]

{Example 7} Synthesis of L~aminc acid or 2-oxo acid by

resglution reaction using purified D-amino acid coxidase

A reaction was carried out at 30°C for 13 hr using
25 pug of the D-amino acid oxidase purified in Example 1,
10 mg of DL-phenylalanine, 2 pl of catalase (Catazyme

25%L, manufactured by Novozyme) and 1 ml of a 530 mM Tris-
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52 hydrochloric acid buffer (pH 8.0). Thereafter, the reaction
mixture was then diluted 50 fold with an aqueous HC104 solution
(pH 1.5). The centrifugation supernatant was analyzed by HPLC
to quantify amino acid. 5 The HPLC analysis was carried out
under the following, conditions. column; CROWNPAK CR+ (4.6

ERAFR A5, Hratufaeniéd biPBalcel), eluéh Heticots HE1D4
rsolgtic (o 1 15)r floweratdh @9 mimin ecolafnterAperatare:80C,
adﬁls@ﬁ@nraak@frl%Astaéaswgﬁ.-phsmylalaﬁ@ecm\d@g%@?tion
optical purity of 100%ee was ohtai in a reaction yield of 47,5
R B e T et
THe i potassitint pRogpiiate? buffes (SH2.Bydeétonkfild 213/awing
andithe centrifugation superratas vas-analyzedhy«HPLC toxis

naniify. 2;0x0 agid. 01541, The HRLE analysis was;eanied oub ¢ 5 on
under the following conditions. column: COSMOSIL 5C18ARII

(@6 ) x 256PHing adinufactufed By NactdiFeadiisP eRfditcgo 30°C.
duhk20ipotassiuin phosphatebuffer jfH ZOoYaeatohittikntB{lhaving
Ao Fate: 1:0 Lﬁmm_;]ﬁy Cf@@@d%@%&fé@”@b%g@megﬁt%ﬁ@n x@lQ+ion

nm, As a result, phenylpyruvic acid was produced in a reaction

G o fa 3 TR [OU5T D% (EAAPrs 8 ST ot B
wacid By lreseutiotl réacory bismglstraitl MRAAG D-afiRd aerdate
rxidase @efivitydYliciebiab selis inan-amount corsespending to that
doypd o dml of a %{JGE‘&AH%‘!@JQ‘ gontaining.Gandida 3 rc ¢

intermedia NBRCO0761 strain cultured in the Same manner as in

FERAhpie 1478% RaAfedted by centrifugation and suspended in 2
it of @50 MM Tris-hydrochloric acid buffer (pH 8.0). The cells

were physiceallydistupted by glass-heads anddben subieaigd to
fc%”ztgf#‘;?na%o”é and 35 ihe supemalant Wag LesvyedAT3F9e s
enzyme s Iftioh:

x 250 mm, manufactured by WNacalai Tesgue), eluent: 10 mM
potassium phosphate buffer (pH 2.0)/acetonitrile = 5/1,
flow rate: 1.0 ml/min, column temperature: 30°C,
detection: 210 nm. As a result, phenylpyruvic acid was
produced in a reaction yield of 44.4 mels.

[o155]

(Example 8) Synthesis of L-amino 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 NBRC0761 strain cultured in the same manner
as in Example 1 was harvested by centrifugation and
suspended in 2 mi of a 50 mM Tris-hydrochloric acid
buffer (pH 8.0). The cells were physically disrupted by
glass beads and then subjected tc centrifugation, and

the supernatant was reccovered as a crude enzyme solution.
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53 A reaction was carried out at 30C for 16 hr using 125 it of the

obtained crude enzyme solution, 1.25 mg of DL- phenylalanine,

0.05 | of catalase (Catazyme 25L, manufactured by Novozyme)

and 125 | of a 50 mM Tris 5 hydrochloric acid buffer (pH 8.0). The
reaction m'X%fae was then dilyted 30 fold with, an agueous HC104; 5 11y
olution and the centrlfu ation su iE)ernata was

Oafnaﬁ{}fe SBE/E’I—JIF:’E& 61561 98 %M I—ﬁl(?% &lsiswas il dilt~
pirederithga conditions degctibet indExampte 1CAS aznaseltZBL,

Rhedalanine hg dwk@o% opHieal purity10f:93,7%¢ee wasoohtained s -
AP AN YIele 01,54, 2m0bo, [01%7], 1> (rxample A 3 hesieure
f

AMminG acid oF 2 oxo aC| y “resolution reaction using
%Féné?éﬁﬁaﬁfi‘ﬁé%ﬁar%‘roﬁﬁaﬁt Eééﬁeﬁehua%ﬁ%sléil(ﬁeﬁﬂéeﬁ)iOn
(FERMsBP-1068Drer MM109 {pCiAGR3) ERERNMBP2HI638)s
ar;l%\ﬁ%g @dDb ing acid oxidase activity obtained in 20 Example 6
was arvested from a culture medium from centrifugation and

$385édded in 0.1 M Tris-hydrochloric acid buffer (pH 8.0). The
obtaing&damicPalsiak cellsy wese wdisruptedimdsomitationd andthe
Ssubjected-to m@m&nwmmﬁupema@at wasJdecoverad:

asac (Ee enz e 25 solution. %%%ha d&%@%}“% s%uulqne\éva%as
reac cted wit leac o‘fjlﬂ]l? pﬁenyF alanine, :
PLAfgEro-phenylaratiherDy Rigtvaliné 4ndl Rehforo-DL-alanine
mpswithesize the corresponding L-amino acid or 2-oxo acid.
Examples o) saohsyiihesis feaction ate gven belog ALIUISR oy

-phenyfatanine and phenylpyruvic acid from

chens P; 2 R HECRH O b u’.'} e "'.; navatdla rrespond|ng to
that falrd in-20 siflcofrthe e Btzre emedivba containiingthé 36>CPADC3)

tranrsfogpant Esshedchig.calicHBlOAAPEDACBRFERM Bfs )

having & D-aminc acid oxidase activity obtained in

h'

Example 6 was harvested from a culture medium from
centrifugation and suspended in 0.1 M Tris-hydrochloric
acid buffer (pH B.L). The cobtained microbial cells were
disrupted by sonication and subjected to centrifugation,
and the supernatant was recovered as & crude enzyme
sclution. Fach crude enzyme solution was reacted with
gach of DL~phenylalanine, DL~4-fluoro-phenylalanine, DL-
Norvaline and f-chloro-DL-alanine to synthesize the
corresponding L-amino acid or 2-oxo acid. Examples of
each synthesis reaction are given below.
[0158]
{9-1) Synthesis of L-phenylalanine and phenylpyruvic
aclid from DL-~phenylalanine

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

transformant Escherichia coli HB10l (pCDALO3) {(FERM BP-
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54 10639) 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 obtained cells
were disrupted by sonication and s subjected to centrifugation.
The supernatant was recovered a 1S a crude enz¥me solution. A

L25206n s tarfied ou’?larf%o‘%,cfor TR EEMFTOT T F the described
apistmmetkeruterenziné dofutic L0 Atpet Do phedykianneded in 1
-f catalase (Catazyme 25l da manufacturedthy Novozymed and.  The
.95.ml af 0. Tﬁs hyd ochlor Ci ffer( 0]
O(r%égc%igﬁgm&?]&r%ls was t earflélfutg E E 3EIL%NH agrlﬁ;'%%u)éo%%%H0104

SHOAGT PH 2.5)°8hd %ﬁé%ﬁ%gat%s@ﬁ&%ﬁ%‘ﬁt%&s was
ranalyzed dHysdPh Cotouguantify aminecdcid i ds (0189 ¢he tHRbCwas

c%nalxélﬁevx%% cayried, %ﬂ podey éh% same condiions ag in ¢ pe

xamp 7. As a result, L-phenylalanine % ving an gptical purity
SH-FotEE GRS e 5%%%85 vidld S15E8 Méie.
cRertlyérmere ke réaption 20aabdureswashiteed 10046k with 10

oM petassiun phosphatehufferip 2.8)éacetopitrile = i, ands -
hgrg |fu$at|on sgpgrr&tant was aéwaolyze%gg HRLC. to rquantn;}/ ire

OXO aCI LC analysis was carried out undert e same

vEshdifiGrs as Jlﬁ%ni‘i‘ﬁlef?’ As wireBuRn25 BHEPYYFavicadithiad o n
@ne)duced in anreactionadelehaff 443 mol%s D260k {9:2) Synthesis

I\f@@!}y@a@@ﬁ@%pﬁﬁ%@’ pvicacid from PL-phenylalanine

robial cells in an amount corresponding to that found in 10
ﬁﬂ]off?ﬁe culture medium containing the transformant Escherichia
coli IM1B9 ¢FCDACGE) (FERMaBP<20638Fhavihgum Deamine agidne
Qxdase actvity, descrbad akove washarvested by centiifigationanine

-and susoended n 1,35 0l of 04 M Tisshcroghiore agd buter

reaction yield of 50.8 mol%. Furthermore, the reaction
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 resultg,
phenylpyruvic acid was produced in a reaction yield of
41.9% mol%.
{o160]
{8-2) Synthesis of L-phenylalanine and phenylpyruvic
acid from DL-phenylalanine

Micrebial cells in an amount corresponding te that
found in 10 ml of the culture medium containing the
transformant Escherichia coll JM109 (pCDAOG3} (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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55 obtained cells were disrupted by ultrasonication and subjected

to centrifugation. The supernatant was recovered as a crude

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

using 50 | of the obtained s crude enzyme solution, 10 mg of
%%}%)Pgnxlalaniye, 21 of dc,atalase ( ﬁgaz%rge 25L, man%f.actured

By Rov62yme) and” 0795 il of PL M TrS-RydrbRRidHAdid Bl
{pPL8.O}e T Hetrezrtibaihbdarelwas thEredifited BDoid withean
BaeosddCdO4 selilion (P15, avddhe centrifugalionzen was
supernatant was analyzed b C to gquantify.amino acid. :
RIS I HPCE Saletoins Leited St Aoy e 2mdie obtained
CortRtiGHIE a8 Exhniplerr. Adanesalf, Dphehsianihen Withvar? Hl
apticat plrabeof{Te0%eenwas Bhiamedufzarisreattion yeldofy#8:) and

dneke. furthermoreythe reaction, mixture was dijuted 10Q @'Qimtha .0).
TJhO mM Aoottassmm, }Phosghate bgger (%H 2.0)/acetonitrile = 3/ o
and the: tenthribation Sup&hataht was akaiy2ed by @PE o 2P
LRt 256X acid. ITHé HPLG Analysis wardcdriedosutt20. Gndert 1 on
dhpsame sondiionsas inyExample 7pAS & sestn PReRYIPYINAC acid.
gﬁig 3s prepared in a reaction yield of 48 mole. [0162] (9-3)

ynthesis of L-4-fluoro-phenylalanine from DL-4- 2s
fluoro-phenyaténifBaA ¥éactiortWasS Tarigd ot fat Beksfordehe ame
ausing t56 otk ok a crude:enzyme 3olution prepasedin the SaAE/lalanine

@@Hn%aédg% Example(9¢2) fremymicrobial cells,in an, amaupnt,
|

corresponding to that found in 10 ml of the 30 culture medium

*ESHthitTig 1HE hanStoritatt Estherichis "ESiF S0 (T BRBBS) o

T(RERN B Pa906388) Handng AD-aminov atid éXide¥erartivityg 1 um

pesaribed-abover L0 mgiobDbs4-fluarenphenylalaning,2 | ahq tne
catglasg Cz%_t% me 25L nl%mgactured bg/ Novgi);%rge Bﬂg 01595

“mlof 0.1 rns SSﬁ;?cfrg%ﬁltbrPc agfa%u?%rj(ﬁlz-le ¥THhé reaction
Q%ﬁ&ﬁﬁgy 2-oxo acid. The KHPLC analysis was carried out

under the same conditions as in Example 7. As a result,
phenylpyruvic acid was prepared in a reaction yield of
48 mol%.
[o162]
(9-3) Synthesis o¢of L-4-fluoro-phenylalanine from DL-4-
fluoro-phenylalanine

A reaction was carried ocut at 308°C for 19 hr using
50 pul of a crude enzyme scoluticn 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 ceontaining the transformant Escherichia
coli JM109%9 (pCDAOC3) (FERM BP-106638) having a D-amino
acld cxidase activity described above, 10 mg of DL-4-
fluoro~phenylalanine, 2 pl of catalase (Catazyme 251,
manufactured by Novozyme) and 0.25 ml of 0.1 M Tris-

hydrochloric acid buffer {(pH 8.0). The reaction mixture

e



10

15

240

25

30

35

56 was then diluted 100 fold with an aqueous HC104 solution

(pH 1.5), and the centrifugation supernatant was analyzed by

HPLC. [0163] s The HPLC analysis was carried out under the
following conditions. column: CROWNPAK CR+(4.6 mm x 150

mm, manufactured.b icel), eluent: aqueous HC1 luti .
T T IO D Sl Scdlomh (e iirains: Sp 18Rt om
(eEtettidny 2 20 ANt &S eefestitl L9P ot fdord pRERFRFAHINE Maving
=@ Optieal purityrafd00oee was obtained in a reaction yield of 51
?bo{% [0164] (9-4) Synthesis of L-Norvaline and 2-oxovaleric acid

rom B -Norvaline is A reaction was carried out at 30C for 1 hr

using BePI & Cride eRIyme S5Iufiah bréPardtfinthadana®
fmahoel ag in&xdmplen(®-2-frormmicrobfal el ifh( anfoumt * 150
g (e AN oAt Eocheriohia 20-coll IM103 (PCDAGO3)
containing the transformant Escheric oli
BB F58) it & DA o oo SIS o
wesnribeduaisove’ 00 mg of B NorvaliAé, 2} offcatslasesult, L-4-
{Gatazyme25l1 dnantfactutes by Navezymepandd:95 ynkaf 0.00%ee
JMTris-hydrochlaric acid, buffer (bt 8.0% The eqaglionmixture was
then diluted 25 10 fold with an agueous 2 mM CuS04
$8iLB6h/methanol = 19/1, and the centrifugation supernatant was
@nalyzeq byhBPLC ¢ quaNtiyvarine asik [G185e ThesPECGecid
Analysis was-¢afriecout under the 30 following conditions.

columns: Develosil ODS-HG3 (4.6 mm x 150 mm, manufactured

by NOMURACEHEMIEAL GO 15D 5% SUMICHIRAL oA-Bbod® +9
@.¢mmx 250 My maryfactured syt SumikerGhemical Addysigne
SeviGe, 44d Ineluentd mNo agyeous L ubdsalusipniaethanol =an
19/1, flow rate: 0.7.3 mI/min,gglugm%cg%mgeth{%: %QC £ th
Bt e Ao AL T ek £R of the
culture medium containing the transformant Escherichila

coli JM109 (pCDAQQ3) (FERM BP-10638) having a D-amino
acid oxidase activity described above, 10 mg of DL-
Norvaline, 2 ul of catalase (Catazyme 25, 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 CuSOy solution/methanol =
18/1, and the centrifugation supernatant was analyzed by
HPLC to guantify amino acid.

{c165]

The HPLC analysis was carried ocut under the
following conditions. columns: Develosil ODS-HG3 (4.6 mm
x 150 mm, manufactured by NOMURA CHEMICAL CC., LTD.) +
SUMICHIRAL OA-50080 (4.6 mm x 150 mm, manufactured by
Sumika Chemical Analysis Service, Ltd.}, eluent: 2 mM
aguecus CuSC4 solution/methancl = 19/1, flow rate: 0.7

ml/min, column temperature: 30°C, detecticn: 254 nm. As
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57 a result, L-Norvaline having an optical purity of 100%ee was
obtained in a reaction yield of 50.3 mol%. Furthermore, the
reaction mixture was diluted 10 fold with 10 mM potassium
phosphate buffer (pH 5 2.0)/acetonitrile = 3/1, and the

~Centdifygation supermatant was analyzed by HPLG 0. gugntly 100%ee
2-oxo0 acid. The HPLC analysis was carried out under the

ESoRG 10GHditeng. dRamn COEMAEIC SCIBART S mm x
F256 mempomanufactured: by NacaldixTesgue)z elugntutemipP fold

wRetassiim,io phospbate, byffet (pH 2.0)kagetonitrije;= 19/1, flow
rate: 1.0 ml/min, ccl)lgn);n E?Tpeg}tgret:h?,eoc,egl%treftjon: 210 nm. As

£
24 14t - 3%6 téfic acid wasprodiuced i a conversion rate of

s58 Srmoigan [0166] 253DYFESyRtheBRIGH pehiSrdnt-afaniReFomacid.
TBeQM@ﬁtmn@l@@ing Meaemm caardedrmﬂxattaﬂe(: forlt bving
cusing, 50 1 of a crude enzyme,solution prepared in he same; so o,

manner as in Example (9-2) from microbial cells in an 20 amount

MESHESSOAAIRE (5XhARRRIRLINFS fH O thE 1eGire mBdRimpPetassium
shentaining the transfamiant. Bscherichia icolilIM109YPCDAGOZ)

rgée%ﬁﬁ’-%qt}%ﬁ)nbawegLanP-%@mlaacan&das%@@,ct'w&eect;;_on:
escribed above, 5 mg of R-chloro- D -alanlne,.zdpl of catal S€. 4 in
2(Cat3Bymé 35t , Atdtifhetred % By Novozyme) and 0.95 mi of

a0 dovErs-hydroetierie ack? Buffer {BH 8.0). The reaction mixture
nasghpn diluted 5 fold with 2 mM aqueous CuS04

solution/methanol = 19/1, and the centrifugation supermatant was .. _
{gﬁaslglzgéf B HPLT ?189 uar?frljf)?a?ni%o aa%?él. Ye afncglnolt{;cclz oroThL
ag@arnitifeation by 3o HPLC analysis was carried out under the

same gondiionscas+a Exanpled9-4nAsa resalt, for 1 hr using

-chloro:L-alanipg _haying an gptical.pyyri %ELWAS. same
Sgbt%ulng inaa%fe%gc%o%}{y%gf?j%ofg)f?&%%m%ll{g/%[zgél%?rg%efé)l(g%ple
AP EFnthesis of EHIND acidUsirig O Tt oToRtas cedie AR an

amount corresponding te that found in 10 ml of the
culture medium containing the transformant Escherichia
coli JM109 (pCDADO3) (FERM BP~10638) having a D-amino
acid oxidase activity described above, 5 mg cof p-chloro-
DL-alanine, 2 pl of catalase (Catazyme 25L, manufactured
by Novozyme} and 0.85 ml of 0.1 M Tris-hydrochleoric acid
buffer (pH 8.0). The reaction mixture was then diluted 5
fold with 2 mM aqueous CuSOy solution/methanol = 12/1,
and the centrifugation supernatant was analyzed by HPLC
to guantify amino acid. The amino acid gquantification by
HPLC analysis was carried out under the same conditions
as in Example {9-4). As a result, P-chloro-L-alanine
having an coptical purity of 99.2%ee was obtained in a
reaction yield cof 47.1 mol%.

[o167]

{Example 10} Bynthesis of L-amino acid using
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58 transformant The transformant Escherichia coli HB101
(pCDA003) (FERM BF-10639) and JM109 (pCDA003) (FERM
BP-10638) having a D-amino acid oxidase activity obtained in s
Example 6 were harvested from each culture medium by
centrifugation, and each cell was suspended in 0.1 M

t ; : . : .
Fris- ochitoric acid buffer (pH 8.0). The obtained microbial cells

were didfuptE8 By QtaRBhicatioR e then SubjediByto (PCDROC3)
(caTRvfURationstere cover MYe I sUpenTatant as BEaRIdB eriZyhié )

h%%ﬂgnEFBHQﬁ&mer%@iara;rlaggg@nfala@ii@g@fwaned in
dehydrogenase acrtlivit% ol%tai ed according to Ehce %etgogium b
EEEER e baBIT wAT hRested Fiom BClitTe mediun by Y
ceervtrifugutioniand susherridd ipe0.1 MaFrish§arseHiGré acil - M

Thuffem(pit 45:8.0)-{the ebtainad naicrokial eelts wererdiswipiad Hyd

o4iaspnication,and then suiected [o.ceqtriygalan fa Jeeover g,
supernatant as a crude enzyme Solution. Moreover, a

thERsOMMERE hadirga phehyidiafme! eRnyardgsiteEadtitity and

sa fransfiarmantdwaving a2@ leucine dehytrogenase Betivity yathof a

+which:-were froduced accoeding to the methad.described-below,

were harvested from each culture g&edium b%/ ce%trgu ation and
oBkén M sforRtait wds 50spefdd&F in6 MTHSE Rydrochidtic 68
hpuffers(ph 8o The rmickobint cels Pamveie drrdsteliigption and
<SQyeatiar and subjested-tos captifugation. and theisupermatantsy
were recovered as crude enzyme solutions. Each ¢ e
S ion e e i AT o e e S By
udhamAari e, IRICHGS- DR eNafie DIERbOri&linE 2h8 DR gt ton to
dedeine; ardetheugerresponding 4 -amina deidsnwere symthesized
W% BjEte0 inversigossagtion. {166].The culture mediymeof a

transformant having a formate dehydrogenase activig was

I5beaitted BB I5 oS - S5 EdcHEitria Lo HB LT pFETO63) (FERM

1BRCIBE3 ) whichr fgenase activity, both of which were
preduced accerding te the method described below, were
harvested from each culture medium by centrifugation and
each transformant was suspended in 0.1 M Tris-
hydrochloric acid buffer {pH 8.0}). The microbial cells
waere disrupted by scnication and subjected to
centrifugation, and the supernatants were recovered as
crude enzyme solutions. Each crude enzyme solution was
reacted with each of DL-phenylalanine, DL-4-fluorc-
phenylalanine, PB-chloro-~bL-alanine, DL-Neorvaline and DL=-
leucine, and the correspeonding L-aminc acids were
synthesized by a sterec inversion reaction.
[o168]

The culture medium of a transformant having a
formate dehydrogenase activity was cobtained as follows.

Escherichia coli HB1Cl (pFT002) (FERM BP~7673), which is

5%
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59 a transformant having a formate dehydrogenase activity, was
inoculated into a 10 ml of a sterilized medium (16 g of tryptone,
10 g of yeast extract, 5 g of sodium chloride, 1 1 of water, pH 7
before sterilization) in 5 test tube and cultured while shaking at
30C for 24 hr. Furthermore af culture m drgm contarnrng A crivit
A &ASFOPMART FaViAG & &gﬁenylaf%mme dehydrogenase activity Y
warepbred vaedardinintecthe rhetrdd ﬂ%sérrﬁé&?ﬁh’e?ér%ﬁ%%dlum (15 g
oEXample dn belovy apder cyliare megiumaaontaining a teansformant
{}%1 haV'El}% a 'g”f'“e dehydrogepase activity prepared, AcCording 19 o

e met escrlberyln Reference Example 2 below were both

telthiriatP as FoRbVIs 1A Eaibiorarnt ﬁ%\%w’g“& phenyfafantig 24 hr-
raehydrogenase activity or @ trambtornsanttieiving @ leutikens formant

bq%Q%HogeE§§%§§yyg%%@§'ééﬂ?@ygﬂ%qgggE%é@iﬁh@§aprepared
sterilized medium ( 16%0f tryptone %of %st extract Sngo

AS5RnAT Bflotide "t 15 Witer, ﬁlﬁcﬂl) Bfdte Hefiization) i test

tebev andCudtured Wik stealdng at S0 for2Whe [0169F 2or@ant)

nayathesis obl-pheaylalaginediem-bL- pbeaylatanipe ddicrehial

Sells, in.an amo F%%Orieggoigdgggqig@aédfoygdggfleorg}{gg RS ample 2
etr

CIture ‘médium o ansformant Escherichia coli HB101
b(?fGEA@GB)‘:‘(IbERM BPL2063S) Raving 28" D-afnifd Hivd Bxitke
rnactivity deseribedialioue; mictehighcels rear amountity or a
€¥¥Q§¥§¥MHBQt%Q%%JQUleghéQAB|%@@9&%&%@%&@%dwa%gﬁﬂﬁy was

transformant having a phenylalanlne deh;ﬂrogenase dactlwt 1 of
1GESHBEE AbbVECaRd MicToniaf c8IlS AR artount corresponding
toy3 that foliAd dn 46 meebthesedltaretmedium of thedium chloride,
transfermant havieg g fysatedehydrogenase astivity, dasstibedbe
above were each harvested by cen;crlij r% % su Qended in a

P hI BHO L M TriEtydrochfbiic Scia b er (pH's e cells

Weté dllsrupted by sonication 3s and subjected to centrifugation.

{fhe supekiataBEwWaSof L-phenylalanine from DL-

mple 1

phenylalanine

Microbial celils in an amount corresponding to that
found in 10 ml of the culture medium of the transformant
Escherichia coli HR101 (pCDAJO3) [(FERM BP-10638) 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 culifure 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 sonicatiocn

and subjected to centrifugation. The supernatant was
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60 recovered as a crude enzyme solution. A reaction was carried
out at 30C for 13 hr using 50 tl of each of the obtained crude
enzyme solutions, 10 mg of DL- phenylalanine, 2 | of catalase
(Catazyme 25 L, 5 manufactured by Novozyme), 0.18 mg of
NAD’, 7.0 mg of ammonium formate and 0.85 ml of 0.1 M

HGHRRVAOEhTSHE atfd BafEP B, 6P THe actich Afiktaré Wag as
¢henididutedtSGafold o¥ith anmqueaus HENQA solutibne@htddd), of the

ahdkthecentrifugation sireroatantwas analyzed by-HRI.C 1o to

qhuantify amino acid. The amino acid quantification by HPLC

Ehly<ig Wias B4rried But Grid&Pthd Sifie Conbifttors® a&in™
EPahA Bt PrAS abrestifty Pasenylalnire Raving ait Bptical purity of
0inkd00bne amabiained in ageagtion ryielthoh9%.6imolpdeldVes ric
d8dhegaeeic agung agid. 1, 01700.00.2) SYolhesis gl <per
L-phenylalanine’ from DL- phenylalanine Microbia ce?ls'ln an
%ﬁBEﬁ?céHegﬁ&ﬁdi%% tRat FGURE FF 10TPef B3 cakGre (PH 1.5),

aneditim of ¢he trafisformiant 20ifssoherichia eals M09 zed by HPLC
{BCRAQQ3I)FERM,BP510638) having, a.R-aming acid.04dase « s on by

cﬁi{yitgndelscribed above, micropial cells in an amount

Hg:%orrespoancﬁ'r?dL To Wit f5GRA MG Pl SFIRE Tultlife ARG fiufPBFth! ons
Aparistofmant Having aighénylakiniie dehydrogehmsendctivityaving an
ddescribed2s abgve rand miskohiakcelis: n:ak amaunt &:eacté%n
Q iRg to that found in. 10 ml of the culture medium of the,
T R Tig 2 (o Tate oy oS s Setirty e
£88V8 Ivere each harvested by centrifugation and suspended in a
{1 enl0f (& &M Heisthydrochlariceacit 30 buter {tb8.Q)LThe cells
pwers, distyptegdby sonication and subjected to centrifugation. The
superngtant was_ recovered as a crude enzyme solution. A

reaction Wax® taride sufat 308 Yor 18 HHusiig D MBFELh 6 that
firien @btainéd ordde enkymecsdlbtions e grofDLE3S transformant

ERheryalanine, o2 h of catalase ((Calagyme 29%rM BP-10638) having
a [D-amino acid oxidase activity described above,
microbial cells in an amcunt corresponding to that Ffound
in 10 ml of the culture medium of the transfcrmant
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 25L,
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61 manufactured by Novozyme), 0.18 mg of NAD', 7.0 mg of

ammonium formate and 0.85 ml of 0.1 M Tris-hydrochloric acid

buffer (pH 8.0). The reaction mixture was then diluted 100 fold

with an agueous HC104 solution (pH 1.5), 5 and the centrifugation

supernatant was analyzed by HPLC to quantify amino acid. The

BB SN FRAMITIcHRG® By EIPLC ahilysis wasi@eitied’ ot enydert

she.samenconditions asdn Example b A aresultL-phepylalaningric
Vj tical.puyity of %ee was. obtained in a reactiqn iQ

T o 0 o T To e 1o e S A S0151) (2

ynitfESis ot L-AHibrs e ftaafiieeni:bLos- solution (pE 1.5),
FhudroipherytdlaninecA réaction wasieariet outat:300 fareiO by HPIC

ﬂ&'%al@@@;’ ofeach %fébg_;cruﬂ?ee%%wﬂg Sg&tﬁmﬁﬁfntification by
rhsformrilnts,as Qgespargd in Exaomgle 10-2) %bovg, 10 mg of ons

ﬁ-&s énylaranine, 2 T of tatitase [C IS Me DBL 5 Hgn (R tred

By NBvBZyiR} 20.18 nitf oRNAS 10 rhgwieambadminimforimaténg an

antt 085 g of Oyl M Triscyroghlorie:2Q agigbuffera(pH. 8 Q); The

yeagtion miyurgwas fhen dited 100 fold with an.aguegus , .,

HC104 solution ?pH 1.5), and the centrifugation superneﬁan?was'

éﬁé@/iéd by HPLC to quantify amino acid. The HPLC analysis
\Was sarriet touginder the-sanié conditionsras b Example (B) o1 -4 -

A% 820 sl Le4-fluore-phenylalanine having an optical purity of
100%ee was obtained in a reaction yield of 103 mol% relative to

the raderhfPEMIG alRf (62731 $F0% SyitheSiCofLNdralife 1sing
SfeomiDbNersaine B30 Microbial cedls dnran ambunt corresponding
tteathat fenpd«ds 10smp Qéﬂ&@ultlig? (IEI;@QRH&EB% Elﬁo%gzgnh%%fmrﬁ 10 mg
scherichia coli.JM109 (pCDAO FE - having a
Og-glni"nhom gi%“a% '\ggg :é'é%\'/ityf(\j%%cﬁ Bed Abdvas %iér%%?aﬁ 28NS if oL
P AR ARG &S IHNRG 18 that Bund 33 in L0NHPOf tHe eukdreo £
amrechiummofhereansfardant. 85 m1 of 0.1 M Tris-hydrochloric

acid buffer (pH 8.0). The reaction mixture was then
diluted 100 fecld with an agueous HClO; solution {(pH 1.5),
and the centrifugation supernatant was analyzed by HPLC
to guantify 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.
[o172]
(10-4) Synthesis of L-Norvaline from DL-Neorvaline
Microbial cells in an amount corresponding to that
found in 10 ml of the culture medium of the transformant
Escherichia coli JM109 (pCDA0G3) (FERM BP-10638) 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
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62 having a leucine 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 5 were each harvested
by centrifugation and suspendedina 1 mlof 0.1 M

TS MRS ChIBTE Add BRffter {5A%E 85 ° TRe et We P disFpted Bhpove:
sodicationdnd:subjetied tor centréfugation ~The stpenddtant wasthat

reeovered aspagrude enzyne selution.Akeaction was capied edtmant
gg‘\’;OC foriq.3 hr Lésingej}p | of the obtained.crude

0 enzyme
SSilioh of ESEherchicccall JWA0S (BCISA00) (PERM BP- 206367
8O Al BAEH JTIRE YRTorrameiding Wikbeme ebydicReaaRd in 2
actizity-a@nd thedransferrnamctlayring & fornaie delnflogepase. o) .

aglivit, SO Mmook D&i‘ﬁ%@‘@%@é@ Lof catalase é@létaggxyc{;‘;% by to

manufactured by Novozyme) mg of NADt, 16.1 m
SRithdniutddoriate diE 0B R OF BEE M THRShydiGRRdTichdd @ crude
butfenépH o811 The reactionanixturewas chlutec 400 doldawith @ C for
?Méw cHsQa Stg@ti&@émgg?ﬂ}lédl%ﬂgéé‘de@?}%% solution
cenfrifugatign supernatan an a

%Jr:nigts) %%5 .]'ﬁl?el %Fﬁi% %n%%fs% w s%éz%ige)%)ou(t%%ﬁgerg ?hmegggr%ge) r S0
konditionsdls MExampie [99a s daresult, E-Nervaline having
aarppticad pusite ok $00%ee; wasiobtained ihareagton vield Die a

93:6 mal%Lelative 23 1q the, racemic amino agid, [0143), (10:5) 5 ..

Synthesis of L-leucine from DL-leucine A reaction was carried out

HY 30€ for GAFasiRE 30°4L B Atfudé enARis déritivat oY
Escherichia, coli 39 110 (PEDA003). (FERMBPa1R638); 25 Alafate

agugdeenzyme solution of ransformanthaving adeucerser (pn
fepyirogenese ety and 00 o s e sp g N 1,
PWerePprepared i 20-4 aboveo i esrhbiiatiorrwith 35 56 g of e
Brteticing;a10 bof catpdase (Gatazyme 38kiyvzed by HPLC to
guantify amino acid. The HPLC analysis was carried ocut
under the same conditions as in Example (9-4). As a
result, L-Norvaline having an optical purity of 100%ee
was obtalined in a reaction yield of 55.¢% mol% relative
tc 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
JM108 (pCDAOO3) (FERM BP-10638), 25 pl of a crude enzyme
scolution of transformant having & leucine dehydrogenase
activity and 100 pl of a crude enzyme solution of &
transformant having a formate dehydrogenase activity,

which were prepared in 10-4 above, in combinatiocn with

50 mg of DL-leucine, 10 pl of catalase (Catazyme 25IL,
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63 manufactured by Novozyme), 0.89 mg of NADT, 16.1 mg of

ammonium formate and 0.8 ml of 0.1 M Tris-hydrochloric acid

buffer (pH 8.0). The reaction mixture was then diluted 50 fold with

MilliQ water, and the reaction was s stopped with 1IN HC1. The

centrifugation supernatant was analyzed by HPLC to quantify
FAMIG SEI §6174) %‘éoﬁﬁganaolyé% v%%s%%rﬁgg dut&ll?h' er'tie °*
afotiowimg cénditions. goklinin:ESOMICHIRAL BHA 50D UG AfAi6 X1 c
a13Q rrwlafmn%gwed by Sumika ChersicahAralysis +Servicesn

Ltd.), e : aqueo 04 solytion/2-,Propanal =
oo 0l T SBunn tompaiatire, 300 detecton 2o8” ">
shmpaca Féddit, 1N 18Géine RAGNGAIT plicdTurity ot URDBAEE Wis ¥2°
achtainediisin a peaction yekchofi @3 Amiotdearelative to the
e;?ui: amino acid. [0175] (Reference Example 1) Preparation of

o
gregms ormant having phenylalanine dep}/dro e(r]{ase %%tivité/ 20
ill

Bacill ' 6adilRI AR ELOBY Striih wis TR6EMatathint °8 Steiilized
fmetivm (. 09%tAidténe 50.596 yeast eREMECHBRYG.506 sedflin (4- 6 mm
xCrﬂc?ﬂdﬁmgislﬁl?W@glajBﬂﬁiQﬁiZSg veater « PH: ¥ H:beforestarlization),

and aerobi ultured_ with shakijng at 30C f hr,_ M ' _
SEEiiE Were gg%o?léc?e%lﬁf)\{%n'thie cr)nié!ta%%(f gﬁl?q(r%u%n%dia%a %{f 28,2
PesmAfRfationt &hl-a ERFEMB8GMal DNAWAS6Baiféd ot the
tesulting-cultivatesk oyicrobial cellshy thes Mafmurz smetheds AIBNAL -
Wer (PUmer %%%%mfcla@t' 9.SEQ 1D N@uiQangRrimerBines
Sequence Listing SEQ ID NO: 11) 30 wherein restriction enzymes
INdE| ARG PstPRnREPITtHR" Netmin&Ppart Bl the C-tsFminal
mpartrespestively 2 wwas designed based on the base sequence of

nylalanine dehydrogenase gene of Bacillus badius
1259 strain kngwn frorg Biscl; Biotechpol Bioghem, 33, 1993 ing

IAM1
(f

Bacillus badius IAM11059 strain was inoculated into
a sterilized medium (1.0% tryptone, 0.5% yeast extract
and 0.5% sodium chloride, dissolved in deicnized water,
pH 7.0 before sterilization), and aercbically 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 obtained from
the resulting cultivated microbial cells by the Marmur
method. A DNA primer (Primer-7: Seguence Listing SEQ ID
NC: 10 and Primer-8: Sesquence Listing SEQ ID NO: 11)
wnerein restriction enzvmes Ndel and Pstl linked tec 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.,

1985, Vol. 59, No. 10, page 19%4, and PCR was performed
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64 using the aforementioned chromosomal DNA as a template.

PCR was performed in the same manner as in Example 11-1 to

be mentioned below except that the annealing temperature was

set to 50C in the PCR conditions. The s obtained DNA fragment

was digested with restriction enzymes Ndel and. Pstl, and the
uBHNE fr%@?né?rﬁ%ed‘\e@&b?“p‘i%sr%%%‘?féﬁ”ﬁa&vh%tg can e Torptate.
PpRoducedilsy firoseedf brdinaty BRilldntheafEbased Bnikanpie 11-1
+specifigation of, AW0941036 13) dligestetwith ke same Enzgmes
cfiere foaiea o, using A T4 DRAWJoase 10.give 4, plasiiddegignedy,

td Xpress phenylalanine dehydrogenase in a large amount. By
okiikihg tHe DiRaihBaIFESMid Miththa competenttefigs6f 1 et Lo
ehseherchia<olitB10%the eom petentttis iversrdranstomned to-or
pRERG the fapsiormant having @ ipRheyalaging nose of

dehydrogenase activity. [017%%Reference Eg(lamgle 22 . .
Oﬁﬁéﬁﬁﬁﬁoﬁﬁlaltréﬁs%?l%aﬁf ARG A RUche dsRydrogenass ™ °f
wactvity3Badillus sphaercuy NBRERS4d astrin wWad Focirded L 2gated
ug‘%%o/e %t((%j_@' HZQﬂﬁ]me_%iiléﬁ(;s@ (&&Qgﬂﬁ)%ot@nglgé%d/eaég iepteact ead

.5% sodium chloride, .dissalved in deionized .water 7.0

“BEfore Steri iez%ﬁéﬁ){,aéﬁél Se#c?tﬁgélfyogcﬁ%%d %%thgsﬁaglgg 9 a?%%lént '
BloraBin Usihg, &5 b2 terfplate PR chidhidsomhal BREPShEIred st
ohy the-Marmin2b method®see J. Mal. Bicly 3; 208 d961)) freme
+Guifivated microbial cells pbtained by,calleciing, migrobial £ells

from the obtained culture medium by centrifugation, and a DNA
DhRmET TP ARTEr0: BT 136fhg SEF 1O N0: 12 and

Poimex}10: Sequence Listing 30 SEQ ID NO: 13), PCR was

(Rerfared -PER wasderformed, iy 1he sameg mannelastitrmant

hgi‘r?rr?g'e% e g%g%‘ %@%% %b:‘?!-%"’% %)é%ei’& it.@a%t;h?hae” B‘ﬂ”g
amplifarfragient Bbtaned By BER WAL dRfetdd withPresiidtivha ted
ierzyraes LeoRlandh 35=8ach and theRNAfvagment ahdsfecternst

é%%%gw%p§§ETO. % sodium chloride, dissolved in deiconized

water, pH 7.0 before sterilization), and zercbically
cultured with shaking at 30°C for 48 hr. Using, as a
template, the chromosomal DNA obtained by the Marmur
method (see J. Mol. Biel., 3, 208 (18961)) from
cultivated microbial cells obtained by cellecting
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 menticned 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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65 (plasmid vector wherein Ndel site of pUCNT (which can be
produced by those of ordinary skill in the art based on the
description in the specification of W094/03613) is destroyed)
digested with the same enzymes were ligated s using a T4 DNA
ligase to give a plasmid designed to express leucine ,
@drogeRasE O 1I7T By ity the oitamePpaimid Wil thea ¢
reonipetentbeellshofsEscHerchia matiHB k01 lthercompeterit dellgdsl on
t\g@kze‘%@@eg%m%toimeﬁ%e él%% yﬁ@fé@ma{:ﬂ having & Jeupineg ) is
ehydrogenase activity, T ined transformant was .
RGBS Ind E f ncitom A° Seed e oo s Loeted
vedrobicallj Cubiited iiehs ShaRifgtAE37CToR 2B 1. RRcrobiatdie
aneresisscollectad from: theiebtainhed eulture medium by
;A%qtglg gation, a plasmid was extracted using a QlAprep Spin
iniprep Kit (manufactured by QIAGEN) to recover a plasmid
desigrR¥l tBlesiptes eletiRirfct a6y drbyeRage ¥ 1617850 competent
dExamplé Iy Prepacatien offransfokiiant YavingDratimd acid 1 s
JSxidase activity, AminoAcid defydreganase activitk and actvityofa
an enzyme kllnavin coenzgme-rée,g‘gneratinghabi(l}ié}/ llr;:el
BRpEP RS BY HAREfHRTENt Having DYaming aci oxidase,
tHeacinédepulrogefade apdioknate eRydroenasen agiified
RCR;was performessusing2NAprimess: (rirmer-1l : cSequerce with

isting SEQ | 14 rimer-12: Sequ nce istin EQ ID
%@)ﬁﬂg@? ah algs_}ggtetr#gla e%j all:;nréx Irvleiscs?é)ng (%a‘iplaS[Jf”lL“l‘dI'3 p&%%OOS
GhtaFetsR EXaRple’6 o%%@?é’tﬁg SkprégLats Ao acid

oxidaser derved from Geardida dintersedia NBRED 761 istrain. PUR rep

%%Pﬁﬁf{?![@?g M{‘?f_‘gdianxq;%%étQILPég‘)Q?Sb@Mﬁ?lyme@@@over a
manufactured by Takara Bio Inc.), 5 | of 1QxF;Ty£gbest Buffer 1l 35

Rieifudcfifed By fakataBBREY, 4 xt BACHET 225 Wi ~5="==<
[0178]

(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 dehydrogenase and formate dehydrogenase
activities

PCR was performed using DNA primers {Primer-11:
Seguence Listing SEQ ID ¥O: 14, and Primer-12: Sequence
Listing SEQ ID NO: 15) and as a template, an expression
plasmid pCDAOC3 cbtained in Example 6 designed to
express a D~amino acid oxidase derived from Candida
intermedia NBRC0761 strain. PCR was performed by adding
0.25 ul of Pyrobest DNA polymerase (manufactured by
Takara Bio Inc.), 5 pl of 10xPyrobest Buffer II
(manufactured by Takara Bio Inc.), 4 ul each of 2.5 mM
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66 dNTP solutions and 2 | each of aqueous primer solutions (20

M) to 100 ng of the template DNA, and then deionized water to

give a reaction mixture in a total amount of 50 I; subjecting the

mixture to 25 cycles of s heat denaturation (96C, 30 sec),

annealing (60C, 30 sec) and elongation reaction (72C, 90 sec);

BHP cooling ithesmpdsre2tar4CefBTY AL TREDRASaRpified solutions
fragment ebtained by RER-wasderthgested mith the: sestretion
ﬂ!&ym%%g% @QQ E&%mghv@yallg@mmDM%g@%@; vglth&@tal

fragment pr ﬁare by digesting with these enzymes ké)asml

FIEFES dbtainbdin’ REMSETCE ERahple B betowewhicf s cyctes of
raesignied to exptess: alle6tine dehydrogerasecand farm@e”c, 30

%nggegﬁgﬂﬁgﬁgﬂigg&@m lig gase, th@feg¥<9 anr‘?d cooling
plasmld EFTLBDA shown in Fig. 7 that is de5|gned to express a

Bafitd8&8 6%idase; leucine dehydrogenase and formate
dérydrbgenase. [0180] By mixing the plasmid thus obtained with
the 20mompetenteells of &schesighianeolbHB4 0de@nanuiaciureds

Jy;Takara Biq Inc.), the competent cells, were Jtransformed ©am=r. sy
prepare the transformant Escherichia coli"HB101 (pFTLBDA)

Heflahd B ahfifio Bld SXRARE, fedtihé GerytteGeRas8amE T PY
dbgmate dehydtdyerasesactivities: 250184 301 8-2) Prkpardticriofd in

ﬁgygggHE@”EQQM@QQDﬁ”HgKb@ddWQ@Q§S§Qey§gﬁbned to express

drogenas and formate deh se activities B mixing__ .
ab%I% g Iagsmlgl pﬁe@%isegl hed tfogq'ffba(’acxprgsé1 agféu%lnease' using
adém/dm@eﬁagéaﬁd oA Yehyorbgefase asbstametiipbA shown
iReference Exaample4 belownand agplasmickps TN DA designed: toi

o%pc{géé a q eatmlpgeaccﬁ% h%ggﬁg r?a?s%bt%&‘l‘&d f'g Bnedfgée%ydr ogenase.

xamp e 6 below with theé competent cells of Escherichia coli

L5497 the 35 competent cells were transformed to prepare the
By mixing the plasmid thus obtained with the

competent cells of Escherichia celi HRIO01 (manufactured
by Takara Bio Inc.}, the competent cells were
transformed to prepare the transformant Escherichia colil
HB1G1l (pFTLBDA) having D-amino acid oxidase, leucine
dehydrogenase and formate dehydrogenase activities.
[o1s1]
{(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 teo express a D-amino acid
oxidase as cbtained in Reference Example 6 below with
the competent cells of Escherichia coli HB101, the

competent cells were transformed to prepare the
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67 transformant Escherichia coli HB101 (pFTLBDA, pSTNDA)
having D-amino acid oxidase, leucine dehydrogenase and

formate dehydrogenase activities. [0182] 5 (11-3) Preparation of
transformant having D-amino acid oxidase, phenylalanine
dehydrogenase and formate dehydrogenase activities PCR wa
<BerrEa it BRABRMEIS PFier- 15 SeqURhEE L tng SEL?
niDr NGy 16, zanich Primerd] 4xSeguence sodisting SEQ 1PI0237) and

Alsing s alemplate amexpression plasgid pCDAOO3 as obtained
ig Exa(rjwple 6 designed to express a D-amino acid oxidase

8fiféd from Candida intermedia NBRCO761 strain. PCR was
(BdrfGrmé&d ap et tskite Phartierad ATEXAMpIe 1128, PréDiR acid
amplified 15Heagment abtained byd?Chewas digestetiowitia the

striction enzyme Pstl, .This DNA fragment was ligated, using a
c{l%ﬁ%,&qlegréas% W?tﬁtzikié-%lrﬁ%e%t_ repared by digesting with th(f
enzymé-d dféﬁn&?ﬁﬁ?ﬁ%%‘bf’éﬁ%d M REEIERCS EXAMPIE S - >
seejownard desighed toEexpress@: 20 phenylal@mipeer~14: Sequence
Lq.eshcyldr{ gepase gngdormate dehydrogenasee By mixinghthexpression

Hagmidonined by e iece cectan i e conmsieals

competent cells were trangflo?med.
csxmongsthe frapsformarts dthosedhaeniffthiifed a8snhatitda
which25:the R=aming acigkexdase gere was ipsetedrir the santes

direction as the phenylalanine defydrogenase gpd formate-; .

Sc?é%eydr?gagnase were selecte by sequencing the DNA sequence
BB BiasHRF A aFekHIt FLPIAEICHEPBBEA "4 Bhbith in Fig.
Sthat is designed:torexpress D-amino 30Aackkexiese, was ligated,

phgnylalanine,dehydrogenasg and formaterdehydregenasa was
obtained. [0183] By mixing this plasmid FTPBH’%gVIE%%haein
TotipstEny gdféhof%/é&ﬁé} chia c%ligf%f 3hR compe

ent ce’l:léi 3%n
Redrertransiofmetrdrce agailctd piepate e tanstornfamress 2

phenylalanine dehydrogenase 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 oxidase gene was inserted in the same
direction as the phenylalanine dehydrogenase and formate
dehydrogenase were selected by sequencing the DNA
sequence of the plasmid. As a result, a plasmid pFTPEDA
as shown in Fig. 8 that is designed to express D-amino
acid oxidase, phenylalanine dehydrogenase and formate
dehydrogenase was obtained.

[0183]
By mixing this plasmid pFTPBDA with the competent

cells of Escherichia coli HB101l, the competent cells

were transformed once again to prepare the transformant
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68 Escherichia coli HB101 (pFTPBDA) having D-amino acid
oxidase, phenylalanine dehydrogenase and formate
dehydrogenase activities. (0184] s (11-4) Preparation of
transformant having D-amino acid oxidase, phenylalanine
dehydrogenase and formgte deﬁydrggengse activ%igs Bﬁé miéi&g A
BSStROT S PiasnTia PFTPB tesl§ied o exprass phenylalanine
deliairegenase nhaforhate detdalnaregenase uhtdinenane
Refpsence Exampled beloyeand a plasmid pSTNDA designed to
Z@qre a D-amino acid oxidase obtained in Reference Example

elow with the competent cells of Escherichia coli HB101, the
CompenRefit Tefs WteFarisiBrmEa 8 3repard w18 -2mine acid
drarsfesnaph Esghenehiarcolidd B0t (pHTRE, pSENDARARYINg
Lrw@minoacid oxidase, phenylalanine dehydrogenase and formate
dehydrogenase actjvities. [0185] (Example 12) Production Cg)f
D-amifig dbtd ORbaZRUsiRg 20 ?r]aar‘%f‘&rﬁé’r?t e ?r%snjs%lr?nan g
ceagcteebtaihed in Example 1dshRéfarenee Bxanplet® Hetdw and
é&@g?&ﬁg@g&%@ ippeulated into ther sterile nediaghmwrsinoEable and
2 and aergbic ultured with shaking at 3QC for.24 hr, 25 6]
At bt bl S AN It
ceiiafRyatiohe SREH stispRAGEASH T 1 MaTRS hyBIré&BHc e the
differdpht 8£) and disrupteddys sonicationi Irsolable miatters
Ssrived fram the,micrgbial 3p.cells:were emoveddare the

centrifugation, thereby giving D- amino acid oxidase enzyme
IO BF oo BEMEISAN (S UBIrY oo EAAyRe SPTUNGRY

ithus ngbtaiaed,theD-tinindiatid oxidase adtvites Wergehydrogenase
Jneasureth andibheesylis aye shown inTable,2. 35 [0187]

[o1gs]

(Example 12) Production of D-amino acid oxidase using

transformant

The ftransformants each obtained in Example 11,
Reference Example 6 below and Example 6 were lnoculated
into the sterile media shown in Table 2 and aercbically
cultured with shaking at 30°C for 24 hr.

fo1seé]

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 cxidase enzyme sclutions of these
transformants. Using these enzyme solutions thus
obtained, the D-amino acid oxidase activitiles were
measured, and the results are shown in Table 2.

[o1s7]
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69 The results show that, compared with the transformant -
Escherichia coli HB101 (pCDA003) and Escherichia coli HB101
(pSTNDA), which have only the D- amino acid oxidase gene
derived from the Candida s intermedia NBRCO761 strain, the
transformants Escherichia coli HB101 gFTLdBDA gngh
Eschefichid 85 FiB16L PBFTEB pSTNBA) SWhith Nave the
taforerhentioned Bcamincacil oxidasEéehe, Adebdinegd) and
é?@%%k@gﬁmase@@ﬂﬁ$@mﬁfomﬁ?ﬁmdghydmugmmSQQWmexandthe D-
transformants io, Escherichia coli HB10Q1 (pFTPBDA .
e O FAD T 8 L FNCAY Wiic e i
igforementionBBRY-CdMinG AériOxida8E gert asHErIaRnine
mehdrogenase cgene and formate.dphydrogenaselgeneghia coli

sexhikited higher Daming acid oxidage activifies, is,(Assa%bned b-

D-amino acid oxidase activity) The assay of D-am%rlo acid oxidase

SRR EC TR *&fiRE St Htcotding 1o the Methbird8s&ivsd e
sExarplea. {0888Y Q0 Tabis 8] RureTraTsforanENIethant s

A3Bino-a6id é*cslli pxi@h?@@la(qtﬂs@tymé%m(*%)nh Ea@@ﬁehlm@w 400

CDAQ003 coli 2 TLBAD) A 1479 ccliHB101 3 _
OTPERG) 2058 Y E bol HT01 B 100" (o PRBALE et °
B1017B 1380 (PRFEB, FSTRDA) ERedi HBERL BRpRTREirogenase
d@iENgﬂﬁ Bdr¥Bate dehydrcgenase gene, exhibited higher D~
amino acid coxidase 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.

[ciss]
[Table 21 .
Run Transformant Medium D-amino acid
{*1) oxidase activity
(%) (*2)
E. coli HR101
’ 100
1 (pCDROD3) A
5 E. coli HB101 A 1479
{(pFTLBAD)
3 E. coli HR10Z n 5505
(pFTPRAD)
4 E. coli HBI1O1 B 160
(pSTNDA)
5 E. coli HB101 B 138
(PFTLB, pSTNDA}
E. coli HB101
B 173
6 {pFTPB, pSTNDA}
{(*1;}
medium 1.6% Tryptone, 1.0% veast extract, 0.5%
A: sodium ¢hloride and 0.01% ampicillin

dissolved in deionized water, pH 7.0 before
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(*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 70 sterilization (ampicillin was added after sterilization)
medium 0.01% Chloramphenicol was added to medium A B: after

sterlllzatlon Va,ldes mthgrrl\s 1- !:h% %rglrfiaitg/ew\éagugg (31\(431:3(1:1 Af2).the
D-amino gg Q)i@§§@ﬂﬁtllyli of Run 1 is 100 Values in Runs 4-6

aug [slative yalue Q%Qt ;aping,acid axidase activity of Run
IQL \EQE éqm_p §§1ynthe3|s of L-Norvaline using

UanSk”nFHEu %WDQl%@ﬁ@npiynq£@K¥g¥h$ﬂﬂanealues when
dehydrogenase-and sdounate dehyriregenase-actiyities Aun 1
transformasnt Escherichia coli HB101 (pFTLBDA) having D-amino
acid oxiddsé veacitre Getndrégenase arril #drhvatevalues when
dehydrogeast wtiitfesiad BbeiAdd 1f B@Rflet 119 wig™ 4
inoculatedntt’$terilized medium A (1.6% io tryptone, 1.0% yeast
extract, 0.5% sodium chloride, 0.01% ampicillin, dissolved in
fleiocswied water, pH 7.0 before sterilization, ampicillin was added

@fler, sterilizafion), apdtben agrobically. eulituped with, shakingsat, rnant

5oL T0r 45 nr. IVIICI’OD al cell Were IS harvested cen
' = 5 euc? J%% S gg%%%ggjand

5 foeivaizeddwhiet upEnthat te conteh ﬂﬁtion thereof would be
10-fold, thatin ke reulfirernediusn <£Q 4080ng ofaceMmig FTLEDA)

Norvalln were added them roblal eIIs
S % cf ZE 9%86 é't?{)g%d@gdlsse and

ESFD™0 amino acid oxidase act|V|ty, ['of catalase (Catazyme
fpgmahand rEiGrREE) NovoE§ie): 21 of THto32602D.59 nig HFP~©
INAD and 43nmguofzamamaonium foreateized medium A (1.6%

15 tryptone, 1.0% yeast extract, 0.5% sodium chloride,

0.01% ampicillin, disscolved in deionized water, pH 7.0
before sterilizaticn, ampicillin was added after
sterilization) and then aerobically cultured with
shaking at 33°C for 48 hr. Microbial cells were

15 harvested by centrifugation 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-

20 amino acid ocxidase activity, 2 ul of catalase (Catazyme
255, manufactured by Novozyme), 2 ul of Triton X-100,
0.59 mg of NAD and 43 mg of ammonium formate.
Furthermore, the pE was adjusted to 8.0 with a 5M
agqueous ammonia sclution, and delonized water was added

25 such that the reacticn 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 2ZN sulfuric acid.
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Furthermore, the pH was adjusted to 8.0 with a 5M aqueous
ammonia solution, and deionized water was added 25 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

30C, and reacted for 8 hr while controlling the mixture at 8.0 with
TN sUlfGrie stid 7P rhedlieRiEid Bpilal pwi) STHE Foduled vatine
WeNorvaliley awereognalyzeddoyriighrperferniange iiguidromatography
ghyematography (HRLC) Ag ajtasplt LiNopalinehaving i ca1
optical purity of 100%ee was obtained in a reaction yield of s

5 354/ 1A6 16 Be FACeBRE [O100] THE Fests SHowed HiacCih
Sconfianisdr Withe GomparatiiecExarhple 1 given below in which a
traasfgymant having a D-amino acid oxidase activity and io a

transfolrmeant havin% Ietﬂcine gepxggogenase and formate

s, r ith .
dehydrogenjl:ales%uact|V|t?esO are use , h"lté}} ?ggﬁﬁ/ft§sv3§s Welxti"nblted

GRBGIRER SRl RIicroBiaY 22118 SHPLERHlyS$iE cdnditions)
eolurnne ShiMC HiRALOA-50G0 (MO maix25amnay searufactured and
Ly sumika Ghemical Analysis 1n Serviee ki makile Phases rmate
2mM aqueous copper sulfate solut|0n/met%ano = 95/5, flow rate:

I RHAIRT RBRMN e Pdratire: 30T, Htdetidn IS4 nhr gt -y vas
s(Examipled 4)iSyrthesisioiiu rert feuchie usirer 20 tmhsferpiant

haming Dsamyjae acid Xidasey leucine ehydiogenaseandon-5000
formpate. debydrogenase atiities Mictobial cells were harvested..
by centrifugation from a culture medium containing a transformant
SE&cHetfohid BBl HBTOP {BETEBDZY cUiftifed W Bive SafifePps + sulfate
svanpebagnie Bxample=13 and suspendedia deioniz@d watee cSuchn
tth%% tehrea%%u:ggn%gggtigg would be. lgg‘gldnggat in the culture

medium to give a microbial cell suspension. A part of the

gﬁéﬁéﬁsion was sonicated to disrupt the microbial cells to give a
(Grudemenzyide Synthesis of L-tert-leucine using

transformant having D-amino acid oxidase, lesucine

dehydrogenase and formate dehydrogenase activities

Microbial cells were harvested by centrifugation
from a culture medium containing a transformant
Escherichia coli EB10l (pFTLRBDA) 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 micrcbial cell
suspensicn. 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~amino acid oxidase activity, 5 pl of catalase

{(Catazyme 25L, manufactured by Novozyme), 0.7% mg of NAD
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30 solution. (0192] To 50 mg of racemic tert-leucine were added

the aforementioned microbial cell suspension having 20 u of

D-amino acid oxidase activity, 5 | of catalase 35 (Catazyme 25L,
manufactured by Novozyme), 0.79 mg of NAD 72 and 19 mg of
a@!@”@'&h@ formate. furihermore, the pHwas, adigsted 1 8.0 with, .

SM aqueous ammonia solution, and deionized water was added

s‘%Pc‘hst%%? 5 réadtioh fixtire thag prepared aitd nage & toms and

dgolgmezeid] vt Fheweactidd Simixtare Wastplabed Ieadesrubeixture
ik shaken at 306 ang xeaeted for 42y while cantrollingthesaction
mlxgldrlg at 8.0 with ZIAJ sulfurlc amg Thgglleldc?mq1 Qtlcalapurl%pf
"the Produdad LtetERsuciie Wwers analyzad By 2 Mathod Similar to
rtﬁé?ﬁ?éxéﬁfblé%. Ns & et 12nerE R)lljeﬁémetﬁﬁvfﬁﬁ%éﬁtléél 8.0

Wity of 100%6ee Wwas ehthinethin & teactiemylieteh of 9313%urity of

t%%@%¥ﬁ£9ﬁ9§53§393¥€ iQ&@%LK‘%@4@09n§T§Qé@eby a method

above-mentioned crude enzyme solution was used instead of the
SmitroBial tRll i 8hspendiBATh e Samé&ainfodit tiert-Rubfe" -
lkaving @anhoptival porityrofi83 2%ee wWas chtaittbimea veactigrn:ained
lyiel&i of23.3% relative 4o 4he sacemate 1As €an be, upderstegdnate .

se results, the use of undisrupted microbial cells

mlcro aI cell suspension) enhances 20 reactivity compared with

the usébfaténitecenzymenssiiionL FOroAlfCoPpafati/eide enzyme
sbxamplen 1) Synthesis of keNewvalinedwrsing ittansfosmant baving
Rinoacid gidase gty and 25 ransiounant baykg IeEes an

hydrogenase and formate dehydrogenase activities A

FASDIMBRE ESEnfichid GIFBBId Pi5ADES) (RERNS2CH0n
yBP110689)%ravifg eeDadrhino acididdase activity, Whiclkrsade

uQQ@H&%EBEKQmP@@eg\@Sri@QQW@é%d{IHQ use of undisrupted

microbial cells {(microbial cell suspension} enhances

, and

reactivity compared with the use cof a crude enzyme
solution,.

[o194])

{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 #HB10l (pCDAOO3)
(FERM BP-~1063%) having & D-amino acid oxidase activity,
which was obtained in Example 6, was inocculated 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 deicnized 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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30 sterilized medium A, and aerobically cultured with shaking at

37C 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

35 10-fold that in the culture medium. A part of the 73 suspension
SHEE SORIHed 36 dRSTDPERTE it CRIR 1 jRe™ CRAdE 2L cetis
tenzyme selutiondeontaining ramindacid coxidaseé nkn additionpa acid
Jransformant Escherichia,coli, HB101 {pETLB) having alleuginecois
deh@/droggnase activity s and a formate dd(%h ddr(;%ena_se acti%/i.tyr,. ‘
HRAILh WRS bréparsd” byang matiod shaWwn i Rererénce Example ¥
#hth be £ meTiioneddiel we veaRipo caiited ito stehligéd wRedigprerared
A, and agrobically:uliured witheshakipg at:336 fer 48 hs. be

MicrObial gel}.l?S \Q/ere harVSeSIed fr%é%%gg}laclgeggg!:tyﬁ%@ed medium A,

mengicn 210 Wa 1nocu
imediumh by centritugation, and suspen in deionized water

sgythethet e edbhrentration of the Aficroblicellse ottdbe T0-f6R nr -
Mhakbbthel culiresmeditsn hApart ok dhé suspehsiorbwasned culture

ﬁeocfﬁ%%eggocdéﬁwpm micrabial, calls ta give:a erude £0zyme; cq
olution containing a 15 leucine dehyd,rogegase and g formate

S

"R rogeRasd e fo o) F6 505G 6t raRBniié Notalihe st celis
«addet] the Miicfoidl célk Susperidion ©f tha sforesddntioned part of
drscharichia cob HEBLQL (REDADOS) in the sameamuntasc2 it a 1
Example 13, the aforementioned Escherichia coli HB101 (pETLB)
?ﬁﬁ%g samé %1%eouantcarsui§eE>?§lﬁz1ﬁee 1§%§lo%ncgfa%§ejmgg £
(emargmesy EraaeRAsctured by NOVEAMe F 9130 “MgesrNAD

qnd 461mg of ammonium formate. Furthermore, the pH was

adjusted tq 8.9 with:a M agueoys AMMONIA £2.S0IUlioN. ARG, e

deionized water' was added such that the reaction mixture thus

Hrepared Wotfd havd SPESEMTE 0Pt tSTRE PEERITOH ke was
Plated irhitesttube &fd ShakerPatl3GC, and reactedfor igunt as

white contralling, the,mixters ah 8- With-2N sylftieic acid aThe yields101
&%TLB} in the same amount as in Example 13, 1 ul of
catalase (Catazyme 25 L, manufactured by Noveozyme), 0.30
mg of NAD and 16 mg of ammenium 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 1
ml. The reaction mixture was placed in a test tube and
shaken at 30°C, and reacted for 9 hr while contrelling
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,
I,- Norvaline having an optical purity of 47.3%%ee was
obtained in a reaction yield of 78.3% relative to the
racemate.

[c156])
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30 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. 35 [0196) 74 In addition,

when g simil feaction, ag performerd LSig e same. amoLnk gl o
a crude enzyme solution instéad of the micro ial cell suspgnsmn
USHedCH fransfifhatiio 12 Nétvahné RadmEas pticarpufter instead
oH0G%eennas stobiainedin & reaetion yieldbaf 498% relativedorthe t,
racemaie; These results indicate;that ugg of updisrypted \microbial

cells in the production of L-Norvaline using a_transformant havin
R P ARTRo SRicF oFEASE HEVIEy T FtrddsTSimBR RAGTy &° “h
deneimetdehydivgyenasesactivitylio dhekd forpiate delsydrégendse rupted
n%@h’&tyi%cr@§§§% ﬂ%@} r@astiw%c[%?z}o:(R@(ijerﬁngsmma@ 3sing a
reparation of transformant having formate dehydrogenase .
AT TS POR Wk B L, e e g Eotvity ana
schremcSoEFrD N A 8ltided frofh ebftivated HiEBraIcs2 BF 1 vty
ahdiobaeilus Spe KNKO DA sttaine( RERMvB P y7 6D Heys thes method
I:%%%cf_r'Lj)‘%gjltif_W003/031626, and DNA primers (Primer-15: _
Sequence Listing SEQ ID NO: 18 and Primer- 20 16: Sequence
LRLRGISEQ ID NO: 19) . PCR was performed in the same
Rafaeensan Exampple Bl-1reaeptdfidtthecinhealisdormant having

depneratyrenvas sek i 380G ipthe:RGR conditions. The DNA
ampllflengr%%rgené 3 taxlngg b‘%tlhe PCR was dilgg?:fteg?le Witah

restricfion enzyn‘?es gefand conlgl’, 53 and%ﬁe N fragment
CHhePESTSRTE Vet prasrmit g0 CNPIwWRIth-dair behroditesa by~ cells
dhose ofirdinary skidlin thexkambrasedran the desariptiory srthe by the
m%%%%fléca&@c%fiﬁ!!@%é%%%)ﬂ@%&e@, with the,same. enzymes

were ligated using a T4 DNA ligase to give a plasmid designed to
(BgimerwlS: Sequence Listing SEQ ID NO: 18 and Primer-

16: Seguence Listing SEQ ID NO: 18). 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 Ndel and EcoRI,
and the DNA fragment therecf and vector plasmid pUCNT
(which can be produced by those of ordinary skill in the
art based on the descripticn in the specification of
W0%4/03613) digested with the same enzymes were ligated
using a T4 DNA ligase to give a plasmid designed tc be
able to expresz a formate dehydrogenase. By mixing the
obtained plasmid with the competent cells of Escherichia
celi HB101l, the competent cells were transformed to
prepare a transformant having a formate dehydrogenase
activity.

[o198]
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30 able to express a formate dehydrogenase. By mixing the
obtained plasmid with the competent cells of Escherichia coli
HB101, the competent cells were transformed to prepare a
transformant having a formate dehydrogenase activity. 35 [0198]
75 The obtained transformant was inoculated into 6 ml of
sterilizé@emedih Pefh fest iilde i dertbicaliP eultFédiwithto 6 ml
shakirg at 37€&dfatid b Micrebiakeells: were harvestechisansthey
okltgmed cultucrg:' mgd&ym by stcgqtrgugatlona,éargd a p@sg;lflg Was .o11s
extracted using av% prep Spin Miniprep Kit (manufactureé)%)
"GIAGERD 165 Fétd ?%f%l%%u&%‘é%i‘d?%ﬁ f0hé Abfe %Q%Bf%s%ya
derrnate dehydrogerase. {0199 sivi(Refererce Exanpledying a
Rugpacatien of tirnsfarmanthaving.deueinsdehydrogepagery) to
act|V|t and f rmate ehg/ cé%eri]jase Eg:tIVIt}é The plasmld

ecscférné‘:d Tob e “leto express leucine de%yd‘:‘fogenzg‘l3X Swhich®

pas dbtaifed il Referérfce Example 2, is was digested with
EcoR¢ pnd Sacl and a DNA fragment containing a leucine

93 r%‘i%‘{:ea@tH%@go@@@é‘s@'é%%g‘E" Raving

aabie‘tme)(press 20 formate dehydrogenase WhICh was obtalned in

Reference [Example %éfg&@msemeo%nmes %e@x'{:&aégg USINGLine
aTa DNA Ilgase to |v%plasm|d FTLB own in E@qr 9, which

AR Gt Y b AbiE towgfpress elt?cﬁne hygrogeen%csee afgmete 2/

W@)ﬁmé@é;@éhyérog?eﬁas%qﬁﬂérg@an%%is. 232001 By Aliziagané
cehtained: plasmid iR wiknther sopmaienteells ahksehesichided
Gl HB10Y, the competent cells weret E%nséogge‘iii%{?ap%&eoam
Yransformant Escherichia coll HB101 ( pFTLB aving a leucine

The recovered DNA fragment and fragment cbtained by
digesting the plasmid designed to be able to express
formate dehydrogenase, which was chtained in Reference
Example 3, with the same enzymes were ligated using a T4
DNA ligase to give plasmid pFTLB shown in Fig. 8, which
was designed to be able to express leucine dehydrocgenase
and formate dehydrocgenase in large amounts.

[0200]

By mixing the obtained plasmid pFTLB with the
competent cells of Escherichia coll HB10l, the competent
cells were transformed to prepare a transicrmant
Escherichia celi HB1O01 (p¥TLB) having a lesucine
dehydrogenase activity and a formate dehydrogenase
activity.

[0201]

The obtained transformant Escherichia cecli HB1QI

(pFTLB} was inoculated into 6 ml of sterilized medium A

in test tube, and aerobically cultured with shaking at
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30 dehydrogenase activity and a formate dehydrogenase activity..
[0201] The obtained transformant Escherichia coli HB101

(pFTLB) was inoculated into 6 ml of sterilized medium A 35 in test
tube, and aerobically cultured with shaking at 76 37C for 24 hr.
Microbial cells were collected from the obtained culture medium

by eehtrifugdtion, -and scplalid wasextriited eRingFOlApreprom the
Spia MindprepiKit fmanefdctrred; by QG ENY da teegvermplasmid. asmic
&5%@@&%5&9'&‘9%&%98 %@ﬂﬁgeeg%%ﬁ%'megegm ogenase

formate dehydrogenase. [0202] (Reference Example 5

%ﬁﬁféﬁ&?ﬁ?ﬂa & %%Wavﬁ?g %%Wéﬁaﬁﬂn%saléﬁy&rga fase
&etivity e dtforimate id dehydogenase dativityBacikiy Badasnase and

ﬂgm%gt@@r\yagﬂ@@@,lated into a sterilized medium (1.0%
fl ptonlf 0.5% yeast extract and 0.5% sodium chloride, dissolved
i

cfelg zed Water pH 7.0 before sterlllzatlon) and aerobically
: ) WeDsEasRaed having

;H'Sd-ﬁ}@laﬁﬁlﬁ&mp@&@ﬁb@’ﬁﬁ.@@mw&‘()Ji)talﬂEdﬂBMrﬂflﬁ:e

Aarmur, dggg]soed fggq&wg\@ted microbial cells obtained by
jJ\n/'lclTves‘rrrTg—r'm1:rtrt3‘lat'terr§from the obtained culture medium b
centrifd§atiar, Eh BRA prindets {(Britmérz1 750 %%ﬁujéﬁ%%%ggﬁéi into
HSEQLD N0 and Priméf-18% Sequenceel ising SE@aIE-N&xt ract
£1d- BCR wasiperformed in the sames Marner:as &Exam&e later,
excethhatﬁQne annealln tengc?? ture was seel'g(;[ hn the 8£tured

ra

Rdnditions ampf e mént ob?alned

wias: digested 25awitl @é@trﬁ}tlon@nZWHesFE?ébelaan@@sﬂo angdhesing,
DNA fragmentandadragmenteltnined bysigesting the fplasmigrmur
fesdediofealle 1o expiess mple, deydrodgnase alidly

was obtained in Reference Example 3, with the same enzymes

Nﬁéﬂfﬁfﬁ%@lﬁ%ﬁf%bﬁf%ﬂ@&hbasérom the obtained dulture

medium by centrifugation, and DNA primers (Primer-17:

Sequence Listing SEQ ID NO: 20 and Primer-18: Sequence
Listing 3EQ ID NQO: 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 restriction enzymes EcoRI and Pstl, 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 ¢ells of Escherichia coli HB101l, the competent
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30 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 3s competent cells of Escherichia coli HB101, the
competent e77t cells f/ere I ncsgorrggd 1o prepare a grgcr)lzsrfn%rmant
‘Escherichia coli HE Oolr?1 TPB) having a p%enyfaqanine
TfsHiRFOGEAZsE attivilPald alRfrfdte dEhyaRGgenademetititgns ne
402041 ckhe: ebtained transformmant:E scherichia ¢oh 1B Enase
{pETPRB) was inoculated into 6 ml of sterilized medium A in test
tube, and aerobically cultured with shaking at 37C for 24 hr.

fc&Bbial cells were collected from the io obtained culture medium
by centiifeigaitioniand aplasafid rwastedsecied usingpQiAprepiB1 0l
%@@MW&W&@ %%o@n%@léf@k;@ltwﬁgob%QﬁéGﬁ‘\l)slt@ler@gpy%a medium A
plasmi signed_ to,be able 1o ress. phenylalanin :
o 05 a0 et i oposer g T pheins at
{Réfeferice ExampleB)Preparation of frarsfernsaititaiisg from the
dp-emineacid oxidasenadtivity BER-wasHietfermecdusingnal vectorasmid

Hlasmid psTV28 (manyfactired bystakarg Biednc,) ag:a template
and DNA 20 primers (Primer-19: Sequence Llstlng SEQ ID NO:

% BRABTIBER 200 BeQTRREE Lidthg BB 15 NOP 237 " The SERI ¢4
worditieis. were senfarctosthpsernn EXamplesl B4h TheoDitAse and
amplified fragment piitained by the PCR was digested with

restriction enzyme Nedl and ligated again using a 25 T4 DNA

Iffgs@e5 give a vector plasmid having a Nedl site inserted near

tRe fRnkiccBnFHpgre of fhe Jac@pe qiasald D2bBInThermant having

rransfarmast abtained by teansfenmipng the
PCR was performed using a vector plasmid pSTVZS

{manufactured by Takara Bio Inc.) as a template and DNA
primers (Primer-19: Sequence Listing SEQ ID NC: 22 and
Primer-20: Sequence Listing SEQ ID NO: 23}. The PCR
conditions were similar to those in Example 11-1. The
DNA amplified fragment obtained by the PCR was digested
with restriction enzyme NedI and ligated again using a
T4 DNA ligase to give a vector plasmid having a Nedl
site inserted near the multi-cloning site of the vector
plasmid.

fo2oe6]
The transformant obtained by transforming the

competent cells of Escherichia coli HB101 by mixing them
with the obtained plasmid was inoculated into &6 ml of
sterilized medium in test tube{l.5% tryptcne, 1.0% yeast
extract, 0.5% sodium chloride and 0.01% chloramphenicol,
dissolved in deionized water, pH 7.0 before

sterilization, chloramphenicol 1s added after
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30 competent cells of Escherichia coli HB101 by mixing them with
the obtained plasmid was inoculated into 6 ml of sterilized
medium in test tube(l.6% tryptone, 1.0% yeast extract, 0.5%
sodium chloride and 0.01% chloramphenicol, dissolved in
deionized water, pH 7.0 before 35 sterilization, chloramphenicol is

sidded AfaF A8 sterfivatidRY BHEAérohial Eaifted hith hakinge 2¢
@t 76 for224 be. Mierpbialkcells werelbarested fone thed from the
O%th-mgélﬂicw{fi%@@?wﬁga Mcgyzimi%oi%@g@e@gyﬁ 5r aol X@gﬁ@e r a
using | rep Spin Miniprep Kit (manufactured, by .
ST N e ATER B SRl JCBROGS JeBgHa 6 Bires ¥
CHAERY lexpress D-amino acid oxidase derived from Candida
intersngdia NBRCO761 strain, which was obtained io in Example 6,

was digested with restriction.enzymes Ndel .and Sacl andthe s ¢o »e

DNA fragmént cont%ur%ng,a D-amino acid oxidase gene was
FetBvéred tiBng PaRaRAIRECIFE RIS *(HERG LY TakEra
Biodney. Theaegovered!BNA feagment and the pltasmick obtairddied

ity the.above-mentianed is.method, whichaxas digested with/thes nder
same enzymes, were Ilgated usin% aT4 Dl%lA,IigLase to (%iyg ino acid
Pdsiif pSTNOAT BRo In Fig oI Which \Was tesighed 16 be™°
cabld 16 cegpressRD-aminowicd oXidese: J0268E 2D, BY-HBlaAg the
ehiained-plasmidwithrtheseampetentin sells of Bschesichiaeeli ona
B101, the competent.cells. were transfarmed Vi .
%;r:'aar%?g AL e G 101 ﬁ%Tr%%A %Hga\f?ﬁg D amine e
TRl okid el 4&IViRS ThE BbtEfed tdhFSimaRT e sEReHCHia colic e
HB40225:STENDA) vasiinacdated into §imkofstesitized psadom

G ointest tube, and aergbically, cultyred with shaking.at, 37¢ fos 24
hr. Microbial cells were collected from the obtained culture
SHBURT by GShtAfugtibh ©0%e20%&r plasmid pSTNDA using
Qixpreb Spin Mini prep Kit

By mixing the obtained plasmid with the competent

cells of Escherichia coli HB101l, the competent cells
were transformed to give a transformant Escherichia coli
HR101 (pSTNDA) having a D-amino acid oxidase activity.
The obtained transformant Escherichia coli HB101
(pSTNDA) was inoculated intoc 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 CIAprep Spin Miniprep Kit
(manufactured by QIAGEN).
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30 (manufactured by QIAGEN). 79 Claims [1] A polypeptide
having D-amino acid oxidase activity derived from Candida
intermedia and the following 5 physicochemical properties: (1)
molecular weight molecular weight about 252,000 molecular
weight of subunit about 42,000; (2) range of operative
temperature zo temperature ran§é at#ast 20C - 60C; (3) range
of operative pH pH range at least 6 - 10.5. [2] The polypeptide of
[ ich i rived from 15 Candida intermedia NBRCO761 , .

S, T AU o e Bl (@ (0 0 TR -7
PolypEptidE raVinG B SHinb ddd Beghence Sholkh PSeqtiéhde
1istingeSEDRID MO: 12200 @) tal pelypeptide having an amino acid
sequgpge wherein, ongrar a few amino acids of the amino acid
sequence shown in Sequence Listing SE NO: 1 are
substitﬂ?:ldﬁ, ci%%%ﬁeﬁ?égﬁec?%ﬁg orga%j’e%égnd having a
D-amifft i bxitlaseiadtivity 225 (v pblypeptde hawiitfan
amine:acié sequepee shawing: ahemelagy=of not less than 69%
with the amino_acid _sequence shown in Se ce Listing SEQ ID
NO: 1,§<';{1"nmop %%%%nugrg q%n ino fc?d\%iﬁjsa‘%e%&ﬁﬁit}.%g g];’A DNA
ehcotiffPthe’fol§BEPtide BEaRY one of claims 1 to 3. [5] A DNA of
the follWwimg {d); (e} or {a(ely adDNAlBaving a base sequence
shown in Sequence 35 Listing SEQ ID NO: 2; 80 (e) a DNA

base sequence wherein_one or a few  bases of the base

aving a _ . ‘ .
Zezéugﬁgg sRBWPFRRSEqtferite 194t SEQUDIND: Pakerived from
Susdtitred ringened tdelSiifdrdfor strain.

[3] 2 polypeptide of the 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 seguence whersin
one or a few aminoc acids of the amino acid seguence
gshown in Segquence Listing SEQ ID NO: 1 are substituted,
inserted, deleted and/cr added, and having a D~amino
acid oxidase activity;

(c] a polypeptide having an amino acid seguence showing
a homology of not less than 6%% with the amino acid
sequence shown in Sequence Listing SEQ ID NO: 1, and

having a D-amino acid 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: Z2;
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added, and encoding a polypeptide having a D-amino acid 5

oxidase activity; (f) a DNA having a base sequence showing a
homology of not less than 67% with the base sequence shown in
Sequence Listing SEQ ID NO: 2, and encoding a polypeptide

having a D-amino acid oxidase activity. 10 [6] A recombinant
prsnidbtainednginserarpthes DNA ©f claber4 br 5dno @r a few

veelos. [T Thedesambinantplasmid;afglaim 6, M@J@i@c@%@tmg

tor is pUC UCI B 322 ACYC184 p STV29,
%%%1 !51% '7I;3?Je£orp ora ehva?ve tﬁeréof ‘%fad and/er

?é’@cﬂﬁbm%@p?&%‘ﬁ@%f%lé’m?@}%ﬁ%%% ﬁ@D#%Baidénﬁﬁédlo acid
by iaieestrictionienzyyme map of Fig. 1. [9] The recombinant

ﬁsrg'drfmcl%m@nggsr%g@gl gneoding a polypeptide having, -

an activity different 25 from that of D-amino acid oxidase is further

H¥ertet® tb'tAB vetor” {0} THE rétdRfoiERFASHIc BPERIM™D,
Yehereincthel DNA enc88ibgld pulypeptide indvieng-an actvigy

Siftergnt 30sromuthat of R-aming acidxidase:isa DNA epeqdipg |
an amino acid dehydrogenase and/or a DNA encoding an

enzyme having a coenzyme-regenerating activity. [11] The
reedmBinantplasitid of claims16,dvhéreid ae8s HINAmneodinggart he
=mine acid dehydrogenase ans a DNA 8% encoding an enzyme
having a coenzyme-regenerating activity are inserted as the DNA
encoding a polypeptide having an enzyme activity different from
thal of BrearmRiePadd tiddase! BTRPTRE rédsrbirfant Prasthitiofcbe
ctairr10 s 137 0ABerepy tHeeamirik aeidl, degtncivogédase s 28,

Jedeine  delydregenase 8f aphenylalanine dehydragenase. ; v

thereof.

[8] The recombinant plasmid of claim 6, which is
pPCDALOO3 identified by a restriction enzyme map of Fig.
1.

[9] The recombinant plasmid of claim 6, wherein a DNA
enceding a polypeptide having an activity different
from that c¢f D-~aminc acid exidase is further insgserted

into the vector.

[10] The recombinant plasmid of claim 9, wherein the
DNA encoding a polypeptide having an activity different
from that of D-amino acid oxidase is 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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io [13] The recombinant plasmid of any one of claims 10 to 12,
wherein the enzyme having a coenzyme- regenerating activity is a
formate dehydrogenase or a glucose dehydrogenase. is [14] The
recombinant plasmid of claim il, which is pFTPBDA identified by a
restriction enzyme'map of Fig. 7 or pFTPBDA identified by a
ereictin efzyiie Wik BF Fi§ 98 220 PI) W RanSPRaAT dbtdiAed

aby transforentrg ahost crdcresrganismygithe thesrecombinantl ypeptide

he@md of claim . [16] The: transforpant of clain 4 5. wheregip the

host microorganism is Escherichia co-li. 25 [17] The transformant
a8 @8inT $53whiétéin e transformant is Escherichia coli HB101
(pCDA003) (FERM BP-10639) or JIM109 (pCDA003) (FERM

Pi;le}O%Adii% U&Mﬂ@a%%f%@ﬁma%@am 4byinte wsty'cEl B,
encoding a polypeptide having an enzyme. activity other
guerethrét 6P B-a amlj'r)mg;m o%i(lélq %ey %gﬁ‘u?tﬁer |¥htrod?Jced ?Tg]lThe
dpasoRRaneeFclai 480 WHerem the IPDRABT ERESHRG 25 S -
polypeptide having an activity different 82 from that of D-amino

aselsaD A encoding an. amino rog .
anl‘g)ora NA ehco fhaReYRd an; % U g‘ﬂg defydreggnase s 10

|ng an enzyme aving

tQoerfzrynid-FéGereratifig Betviy ?ﬁ@}ﬁeatracr%%‘ﬁﬁgﬁ‘t of claim
r:9eintorwhichoa &NA véricoding anfaminotacid dehydragerase or a

¢3d 8R2NALNRLPdING ;a.enzyme having a
coenzyme-regenerating activity are introduced as the DNA
encoding a polypeptide having an enzyme activity different from
fhatlof Draminecacit soaodidade JRAETRE trahsiermdnt oflefam 19

p@fr2@,pahereim Hier amineyacid gebydrogenaseds aylecingp of Fig.
;defydragenase of 4 phenylalgnine, dggxqrpggwgg BRAIE, of

transf?rmant of any one of claims 19 to 2
Fig .

[15) A transformant obtained by transforming a host

microorganism with the recombinant plasmid of claim 6.

[16] The transformant of claim 15, wherein the host

microorganism i1s Escherichia coli.

[17] The transformant of claim 15, wherein the

transformant is Escherichia coli HB101 (pCDAJO03) (FERM
BP-1063%) or JM10% ({pCDA0C3}) {(FERM BE-10638).

[18] The transformant of claim 15, into which a DNA
encoding a polypeptide having an enzyme activity other

than that of D-aminco acid oxidase is Ffurther introduced.

{29} The transformant of claim 18, wherein the DNA

encoding & polypeptide having an activity different
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wherein the enzyme having a coenzyme-regenerating activity is a
formate dehydrogenase or a glucose dehydrogenase. 20 [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
encodingsa 25 Hhdlypeptide havidg @nickzame actvibidifferemtding an
from Jthat ofthe-R-aming-acid oxidaseas an isertd24Lthe an
transformant of claim 18, which is obtained by transforming a host
TiErSSigARIEM With the S0 retombinant plasmid of any one-of
claims 9 to 14. (25] The recombinant plasmid of any one of claims
18 d9 24nuherein theheskmiceoranism 13 Fschedchia; eali. 35N
§§F@§l§gm§%h°9m%f oroggg!glgd%h%lpg (ﬂ%géldﬂ%?, LHURRMNING 5 4ing
culturing a microorganism having an ability to produce the
POIPEDIE dtahy dhe of CraimE 1% o™ Saccmitbtiigtret vty are
potypeptidedn 4ke cukureymnes hdivestiag the polypepfideh[P7ing an
Jiheshroduction methad of claim: 26, wherein the, misragroanism.isq
the transformant of any one of claims 15 to 25 or a microorganism
BtSHGIRg to the genus io Candida. (28] A method of producing
L-amino acids represented by the formula (2): R COOH 1Y (2)
Elblgxis wlfgéremBnrﬁp&@%gngoao@llia%mkyh@ro&p Q.’F?:i,or\@u&frein the
aving suhstituent(s), a C7-20 aralkyl grou tion vin
) R A 12 Dnase oc
ZUDRBRIENEST IO 2 0K6 RERF RG7BEERted by the

{22] The transformant of any one of claims 19 to 21,
wherein the enzyme having a coenzyme-regenerating
activity is 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-amino acid 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 tec 14.
[25] The recombinant plasmid of any cne of claims 18

to 24, wherein the host microorganism is Escherichia

coli.

83



10

15

20

25

formula (3): RTI COON (3) 20 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 25

formula (1): R\/COON 1Y (1) NH2 84 wherein R represents as
defined mboveh [29] A metlod: of: producing. oyclicdi-Antind dcic: ,
Fseprasented bythe &Qﬁ&l@laa@a JEME 48 Hhonukerein Riis@ility
C2-7_ alkyl chai optlonal ving substituent(s LC I|c |m|n
trgp?ersoe%eg %/E]}[ﬁe lr%%?ap? Q%O(%?—I %@I(FS)W erg:in RS a?s o 3

iR ETOVed wiHich BemipRiRas iR clifig the pBRiebiitle Gy

ronevefselaings itte Jorl gompcradganism having an ability to
produce the polypeptide, with a cyclic amino acid represented by
Te rmula (4): COOH R'N (4) H 15 wherein R'is as defined

he production method of claim 26, wherein the
mlcxooxganlsm is the transformant of any one cf claims
1% to 25 or a microorganism beleonging to the genus

Candida.

[28] A method of producing L-amino acids represented
by the formula (2):

R COOH

(2)

NH,

wherein R represents a Cl-20 alkyl group cptiocnally

having substituent(s), a C7-20 aralkyl group opticnally
having substituent{s) or a C6-20 aryl group opticnally
having substituent(s), or 2-oxo acid represented by the

formula {(3):

R COCH

Y . "

O

wherein R represents as defined above, which comprises
reacting the pelypeptide cf any one of claims 1 to 3 or
a microocrganism having an ability to produce the
polypeptide, with racemic amino acid represented by the

formula {(1):

R COOH

Y "

NH,

84



(30] The production method of claim 28 or 29, in which the
transformant of any one of claims 15 to 17 is used. 20 [31] The
production method of any one of claims 28 to 30, wherein the
reaction is performed in the presence of catalase. 25 [32] A
method of producing L-amino acids represented by the formula
2) 85iR\ ICOEON #¥ €2 NH2 whetémeR represents a C1-20 alkyl
group optionally having substituent(s), a C7-20 aralkyl group
;ﬁtiorra havinég subfstituen&&sg ora C6-210, aryﬂ_group option%lly 5
iy SUBSTHIEHY(ST SWRICR ChBeses feacting, i the® pfdsence
BERATTRAYRSE havinghsh amime éid( elehydrogenase and an
enzyme h@@?@ coenzyme- regenerating activity, the polypeptide
@ e of claims 1 to 3 or a microorganism having an ability to
io produce the poly(gfptide with racemic amino acid represented
by the formula (1):*RA /COON 1Y (1) NH2 wherein R represents as
defined above. i5 [33] A method of producing cyclic L-amino acid

feRresented by the farmuja (9) SO £ H () whereiy Ry is,an g
5L alkyl chain gE’t'%rJ;a"é’ naving  substituent(s), which compiiges
reacting, in the 20’prédence of an anino acid dehydrogenade and
Bnrendand Bhaving a coenzyme-regenerating activity, the
polypeptidgcc))foai_?y one of claims 1 to 3 or a

R'\Z// (6)

wherein R’ is as defined above, which comprises
reacting the polypeptide of any cne of claims 1 to 3 or
a microorganism having an ability to produce the
pelypeptide, with a cyclic amino acid represented by

the formula {(4):

COCH

H

wherein R" is as defined above.

{30] The production method of claim 28 or 2%, in which

the transformant of any one of claims 15 to 17 1s used.

{31} The production method of any one of clajims 28 to

30, wherein the reaction is performed in the presence

of catalase.

[22] & method of producing L-amino acids represented

by the formula (2):

85



microorganism having an ability to produce the polypeptide with
cyclic amino acid represented by the 25 formula (4): 86 COOH R’
H (4) wherein R'is as defined above. (341 The production
method of claim 32 or 33, wherein s the amino acid
dehydrogenase is a leucine dehydrogenase or a phenylalanine
gehydrog e. [351 The production method of any one of claims
3 4, wherein the enzyme having a coenzyme-regenerating
ioz;kjti/vzity is a forn{@le dehydrogenase or a glucose
dehjiiiggenase. 1361 The production method of any one of claims
32 to 35, which comprises use of the transformant of any one 15
wictaims 15 te2be 3l Fhe praduction methegd-ef:glasp 86, ndtich,

IEOMRYISES Wse of gdransiarmant Coexprassing 3 £Nzymes 9 gﬁ onally

D-amino acid oxidase, an amino acid dehydrogenase 20 and &

feh7yhte RAVIRG' B68 ) e fegénéraiing atfivity 9188R THRETonally
5 hredoctionvhrethod of tladm, 37 wildreirtier tramsforgmnt isigsedn the

vitheut disryption of @ picrobial Gell thareaf:25 [3%; khe

erl(q)dgcf;t(ijoréz rrpaetgog }Qf an oggzofmcéaiﬂ% Lj,% to 38, wherein the

reaction is per?orme in'the pre%ence of Catafase”§6 fAG£ A

LRetorrGitihBreadig & bradudtioh ambrunestDdantifo aeid one of

«dase, whieh Tomprisesittansfernaingsa. hasty migroorgamism: wigh « o
10 BNAencpding -amino acid gxidase 87 and a PNA, egsg%'ng at

least one kind of polypeptide having an enzyme activity different

HFeh RS EEhe™S- Afind Aciioxdddse. :

R COOCH

(1)
NH,

wherein R represents as defined above.

5 [33)] A method of producing cyclic L-amino acid

represented by the formula (5):

COOH |

R<;7//- -

H

wherein R’ is a C2-7 alkyl chain optionally having
substituent({s), which comprises reacting, in the

20 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

25 formula (4):
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s [41] The method of claim 40, wherein the DNA encoding a
polypeptide having an enzyme activity different from that of the
D-amino acid oxidase is a DNA encoding amino acid
dehydrogenase and/or a DNA encoding an enzyme having a
coenzyme-regenerating activity. 10 [42] The method of claim 41,
wherein the,amino acid dehydrogenase is a leucine

p{eh??m/genase or a phenylalanine dehydrogenase. is [43] The
method of claim 4R, wherein the leucine dehydrogenase is

derﬁ'ed from Bacillus sphaericus NBRC3341 strain. (44] The
method of claim 42, wherein the phenylalanine 20 dehydrogenase

Ws dedved from Bagllusdmicius 1AMA3E059 strain. [45] The method
of any one of claims 41 to 44, wherein the enzyme having a
coenzyme-regenerating activity is a 25 formate dehydrogenase or

4 éﬂk&@dé’ﬁﬂé@éﬁﬁ@e.“[%]‘THe‘?ﬁefhbﬂi@f clainP45 3Whetéigrein
the farmate dehydrogiendse¢sdereed from Thiobacdlussspydrogenase

JINKENA, wirain (FRRMBR; 46 6L). 30447] 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
daenzyihe-regenarmatingn ackityoarecdsedhfor sramstarmdtormas e to
DNAIs-ercoding & Rolypeptidahaviggan-erRzUe Activigy B8-at ing
different from that of D-aming acid,oxi ..J48] The method of
e o s 40 B e o s
FCHTiRRRIESIE 5 [49] A recombinant plasmid comprising, as

inserts, a DNA encoding a polypeptide having a D-amino acid

Pddase,activity and.a DNA epgoding 2 pRlYPERUdE Naving A0 35 o
enzyme activity different from that of the D
35, "which cdmprises use c¢f the transformant of any one

of claims 15 to 25.

[27] The production methed 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 cne 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-amino acid oxidase
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io amino acid oxidase, and showing an improved production
amount of the D-amino acid oxidase as compared to a
recombinant plasmid comprising a DNA encoding the polypeptide
having the D-amino acid oxidase activity alone as an.insert. 15
[50] The recombinant plasmid of claim 49, wherein the DNA
agricodify theepolypeptide havirrpan engymbractR/ity PaitfereR Foth
nthat afithenDeamipe-acid oxidase isax fANAencoging anamindé the b-
a%clglgehxddoq)enage and/or a DNA 20 encoding an enzyme having
a coenzyme- regeneratlng activity. [51] The recombinant plasmid
of claim 50, wherein the amino acid dehydrogenase is a leucine
flehydragenaseoro 25« phenylalanine dehydrogenasepfpR] Fhecding
reﬁgﬁ('}% %’%&@@5’9%%93% %We@é@;@vﬁlﬁnﬁfferent from
ogenase is derived from BaC| us sphaerlcgie\:I RC3
Wi

t&?aﬁn 230 &%) The PedbmbiRaft pfés id ‘of cfaim AER

erein

aphienylalanihecdehyiirogenaseistdatived o Badilgs dda‘b‘iug"n

JAMLLO5 strain. 3s £54hThe secambinant plasmidaf anywne of
claims 50 89 to 53, wherein the enzyme having a coenzyme-
regenerating activity is a formate dehydrogenase or a glucose
déRJdByerastn5455[ETRE Récorhbinatt prshiididielamiss, acid
asheretn then fapmate dehydrogerasks isyderiveshfrem Plriobacillus

p%Pen'§'i'§?§M’%étr&‘!ihgzc’i%l}ﬂa@?séml) [56] The recombinant

plasmid of any one of claims 49 io to 55, into which both a DNA

encoding an amino acid dehydrogenase and a DNA encoding an

¢nzjimerhaving ah cdenZymeabyeAdrativigeactivity dre idteoduces]
asthe- DNA socodinga polypeptidehavingan enzymesactivity s
ngg%rBeﬁ {I’OQ’JC that of D-amino acid oxidase.

rain.

[44] The method of claim 42, wherein the phenylalanine
dehydrogenase is derived from Bacillus badius IAMI105S

strain.

{45] The method of any one of claims 41 te 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. KNK6&65MA

strain (FERM BP-T7671)}.

47} The method of any one of claims 40 to 46, wherein
both a2 DNA encoding an aminc 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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15 [57] A transformant obtained by transforming a host
microorganism with a DNA encoding a polypeptide having a
D-amino acid oxidase activity and a DNA encoding a polypeptide
having an enzyme activity different from zo that of the D-amino
acid oxidase, and showing an improved D-amino acid oxidase
dddtitaty estcempaired fta tfarstéhant fisforhadatitr a DNA
encoding the polypeptide having the D-amino acid oxidase

ety Alane. 25 [RBLChe, gnalpUmaet gh dai S Whergi Mene rein
encoding the po?ypeptlde having an enzyme activity

tdifferstit Froft SHACGTEAB B Amifo BRI 6%id584 Is 3°DNA encoding

an amino acid dehydrogenase and/or a DNA 30 encoding an
enayme,having.a.c0enzyme-segenerating -activity, [3 Theserts, a

transform%r]t of claim ?8, Whgre n the Qﬂinoaagigad%hrygr%%%%ase

8% 1B0ERE dhytr8genase 67 & 35 phenylalanine dehydrogenase.

90 [50] T hectrandformantofcl 8 597 fbdtéif thelBaeingartide

rdshylsogenase: isderivesh fram,Barilhi s sphaericusn NBRE3841the D-

Strain. 5 (61] The ransformant of. claim p% WhesIL ey production
nhenylaﬁamne-é’(elhydrogenase is derived from Bacillus badius

FAMELOSY stidiR. 20T82FPhé fraflsfutaht Bf iy SHEPSF ciainis’s8
tebdnbwhersin the enzymechavinig arcpenzyitfe-rayeréiating be
&C%glg]z 1@%@&@%@&@%@9@%@@%&1 glucose: dehydrogenaset y
IS

he transformaglt of claim 62, wherein the formate
HetyArégeridse i detived from Thiobacillus sp. KNK6SMA strain

(FERM BP-7671). [64] The transformant of any one of claims 57 to
Q%@] The recombinant plasmid of claim 49, wherein the
DNA encoding the 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
aminc 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 IAM1105% strain.

{54 The recombinant plasmid of any one of claims 50
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20 which is obtained by transforming a host microorganism with a
recombinant plasmid 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 25 different from that of the D-amino

taci§ Dxiddsr &S indért. [B5F THE trstaant STEdife of claims
24064 4ntogwhich both a DN Aserdcoding andhindracid8dse or a

~dehysireganase and &,.QNA encoding an enzyme having a

coenzyme-regenerating activity are introduced as the DNA

encoding a polypeptide having an enzyme activity different from
e bf Draminecacith oxidaisep 35{B6HThE trahsforntdnt of etaimin the
f%Z:vnvmiQh&%QQEﬁm%@n%lsby i@r@fm_m}eg afhaest micteargapsiis sp.
Wlt %he recompina '&L qy one of claims 49 to 56. [67]
KFhe transformant any one of c alms 57 to 66, 5 wherein the host
microorganism is Escherichia coli. [68] A method of producing
P=aning agid-exigdase n comprising culturingathe sansformantofus 49

any;qne of .claims 37 tg 675 accwpilating R-amingAcid oxidase in
|o the culture, and harvestlrﬁ%the D-amino acid OX|dase 69]1A

%Eﬁﬂ)ﬁoﬁﬁﬁ%ﬂﬁcﬁf@% AnfiNG atRtF PebrRge Rty YRS &) forgmu afey
daee@@zhb—|¥e(@¢mmatlﬁwhe@nRmpregents@md@@emyﬁs the
@reuR.aptienally ah%ymg;ﬁap%tﬂaenﬁg): 8nG7=20 aralklgraup ivity
optlonlellelx hqevm Qstttuegt(g) or a C6-20 aryl groyp gptionally

g subst‘tuent(g) or cycllc Lamino acid represented by the
formula (5): 20 COOH R'xN (5)

[57] A transformant obtained by transforming a host
microorganism with a DNA encoding a poiypeptide having
& D-amino acid oxidase activity and a DNA encoding a
polypeptide having an enzyme activity different from
that of the D-aminc 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 oxidase activity

alone.

[58] The transformant of claim 57, wherein the DNA
encoding the polypeptide having an enzyme activity
different from that of the D-aminc acid oxidase is a
DNA encoding an amino acid dehydrogenase and/or a DNA
encoding an enzyme having a coenzyme-regenerating

activity.

[52] The transfocrmant of claim 58, wherein the amino
acid dehydrogenase is a leucine dehydrogenase or &

phenylalanine dehydrogenase.
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H wherein R' is a C2-7 alkyl chain optionally having
substituent(s), which comprises reacting the transformant of any
one of claims 57 to 67 with racemic 25 amino acid represented by
the formula (1): R'/COON IY (1) NH2 92 wherein R represents
as defined above, or cyclic amino acid represented by the formula
E)4) COON R'H (4) wherein R'is as defined above. 5 (701 The
Féductin niethog B ERAMSET Iwich LEomPrisd B&mira the leucine
deansformanteeexpressingFEenzymes Befc Diaming aeidoddase,
xR aine acid. dehydrogenase and an enzyme having a
coenzyme-regenerating activity. 93 sequence listing SEQUENCE
LISTING <110> Kaneka Corporation <120> D-AMINO ACID
DXIDASEe AND METHOD: FQR PREDUCHON OF E/AMING

AR 2 RXOARCH OR Lot b Ks IMINE 5d 307 B0FGAMWEON I 1 us
j‘é 50> Jli%gggggg4505 <151> 2005-08-02 <150>
2056 1515 3006-04-24 <160> 23 <170> Patentin
version 3.1 <210> 1 <211> 344 <212> PRT
[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

dehydrocgenase.

[63] The transformant of claim 62, wherein the formate

dehydrogenase is derived from Thicbacillus sp. KNKG5SMA
strain {(FERM BP-T7671).

[64] The transformant of any one of claims 57 to €3,
which is obtained by transforming a host microorganism
with a recombinant plasmid 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 haviﬁg 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-aminec acid oxidase.

[66] The transformant of claim 57, which is obtained
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<213> Candida intermedia <400> 1 Met Ser Glu Tyr Val lie Val
Gly Ser Gly lle lie Gly Lou Tyr Thr 151015 Gly Tyr Lys Leu Leu
Glu Ser Gly Val Pro Sly Glu Ser lie Thr Val 20 25 30 Glu Ala Glu
Phe Leu Pro Gly Asp Glu Ser lie Lys Tyr Thr Ser Pro 35 40 45 Tyr
Ala Gly Gly Asn Phe Ser Ely lie Thr Gly Asp Asp Pro Asp Ser 50
5 6604t PyE Phe A‘sﬁl?_?g HitS o oy e B #58% Pré Lys Leu
Bincysth 4eu lrelteElyiGlyeRPraheu Gys Gly kew Asp Met Leu P50
Ala Thr Glu 85 90 95 lie Trp Asp Asn Val Lys Ser Lys Lys lle Asp
ger ou Lys Gin Tyr 100 105 110 Leu Lys Asp Tyr Gin Glu_lle Glu

fl GG ST PFS BIBTI A4 118 120°15% LS PReGly vap 66/
Wherphe The Thr TS AsicPhe rentys Pre Lys Pieer 180 185140 -
Leu Ser Asn Val Gin Lys Tyr Lou Leu Ser Lys Asn Val Thr Phe lle

5Q 155 160 Arg Lys Asn Leu Thr His lle Thr Gin Ala Phe Gly

B N T L0 AT e A PR Ren Gyt AP At
CRPARCARFPRE 1 eU GRAG K alt 180SIES T9G Gif AsprAlalhys ©f
MaliTyr Pro Thr Ay, GhcGimVahVahYabHeyaol 8% 20020534 in

Seausncelising Al Bro Fis e Asn Gl Asn Metlle Arg T Gly, o o
Asp Asn Tyr Ala 210 215 220 Thr Tyr lle lle Lys Arg Pro Tyr Ser

His Asp Gin Leu lle Leu Gly 225 230 235 240 Gly Phe Leu Gin
Ly9 Asp AsptTrpd hy ProvasinThn ¢ eU-SeriGlu G245 25025mted by
thlar @hrAsp dle leu. Phe Arg Thr Thr Asn Leu Leu Pro Lys lle Leu

R COOH

(2)
NH

2

wherein R represents a Cl-20 alkyl group opticnally
having substituent(s), a C7-20 aralkyl group optionally
having substituent(s) or a C6-20 aryl group opticnally
having substituent(s), or cyclic L-amino acid

represented by the formula (5}:

COOH

RS:Z/ (5)

wherein R" is a C2-7 alkyl chain optionally having
substituent (s}, which comprises reacting the
transfcrmant of any one of claims 57 to 67 with racemic

amino acid represented by the formula (1):

R COOH

Y “

NH,

9z



260 265 270 Asn Gin Asn Pro His Gly Pro Asn lle Giu Asp Lou
Glu lle Val Arg 275 280 285 Val Val Ala Gly Leu Arg Pro Ser Arg
His Gly Gly Val Arg lle Glu 290 295 300 Lys Giu Val Leu Asp Gly
Lys Leu Leu lle His Asn Tyr Gly Ala Gly 305 310 315 320 Gly Tyr

Ser G Leu Gly Me s Ala Val Lys 325 330
%é aie% R Bir Set Lés%meﬁaﬁ%&ﬁew 2L MS g mine
%‘2%19>1I§NA9@231§9éalﬁﬂldfdlmtér‘?ﬁéﬂiéa<4(§0> 2 atgtctgaat
acgtaattgtdgayelggt atcataggot tgtacactgg atacaaactt 60
[} g gagtgcccgg tgaatccatc actgttgagg cagaattctt
acttggggac 120 2 tctatca aatacacttc tccttatgcg ggagtaaaat
tctcPpgaat cactgg t 180 gatcctgact cgttgaagtt cgataagcac
acctacgaaa acttgcccaa gttgcaaaag 240 cttttgggtg ggccactgtg
+agGttagatatggicogty clacqaaaat gigggataat 300 gtcaagtcga
agaaaattga ctotttgaag cagtatctta aggactacca ggaaattgag 360
. caagaagaat tgcctgaggg tgccaagttt ggagtgaaat tcaccacctg
dadchiet 420 dgtctdaayrttgaeiaa fytcdagand taccttotit
ceangastl casiticate 4802 agtaspaast:tgaseaatat 83609agcanz yme s

ggtegt c tgigitgaat 540, tgcactggaa atggtgeee
s asego agiiay S o s,

Aggtigicat f%d@@%tét%w&téa&@w@maggt@@ge%w tivity.
gataactatg ccacttacat aatcaaaaga ccatactcac atgatcagtt gattcttgga
720 ggttttctcc agaaagacga ctggactcca gatactcttt ctgagcaaac
agaagatata 780 cttttcagaa caactaatct attgccaaag atcttaaacc
agaatccaca tgggccaaac 840 attgaagatt tggaaattgt gagagtggtg
gctggattgc gtcccagcag acatggaggt 900 gtcagaattg aaaaagaggt
gctagatgga aagttgttga ttcacaatta cggtgctgga 960 (2) gggtatggat
atcaatc sequence listing ggg tttgggaatg gcagataaag ctgtgaagtt
agcattgggc 1020 cagagtaaac tttag 1035

93



<210> 3 <211> 17 <212> DNA <213> Artificial <220> <223>
Primer-1 <220> <221> mist feature <222> (15).. (15) <223>n
represents a, t, g or c <400> 3 rowwswccwt gggongg 17 <210>4
<211>17 <212> DNA <213> Atrtificial <220> <223> Primer-2
<400> 4 gcrkswcecrt arttrtg 17 <2005 5 <211> 20 <212> DNA

glience

<213> Artifieisice2@0%<223> Primer-3 <400> 5 tctttctgag
<110> Kand@a@aasagamg 20 <210> 6 <211> 20 <212> DNA <213> Artificial

120> p-nifAR SAME MR o ABfier @adncaliakco cagatttogg 20

ACID, 2-0XO ACIDB OR CYCLIC IMINT
<130> BO50474W001-

<150> JP2005-224505
<1561> 2005-08-02

<160> JP2006-113408
<151> 2006-04-24

<160> 23

<170> Patentin version 3.1
LA

211> 344

€<212> PRT

<213> Candida intermedia
400> 1

Wet Ser Glu Tyr Val ite Yal Gy Ser Giy tle lle Gly Leu Tyr Thr
1 5 10 15
Gly Tyr Lys Leu Leu Glu Ser Gly Val Pro Gly Gfu Ser tle Thr Val
20 25 30
8lu Ala Gli Phe Leu Pro Gly Asp Giu Ser 1ie Lys Tyr Thr Ser Pro
35 40 45

Tyr Ala Gly Gly Asn Phe Ser Gly lie Thr Giy Asp Asp Pro Asp Ser
50 55 §0

Leu Lys Phe Asp Lvys His Thr Tyr Glu Asn Leu Pro Lys Leu &ln Lys
65 0 75 80

Leu Leu Gly Gly Pro Leu {ys Gly Leu Asp Met Leu Pro Ala Thr Glu
85 30 85
Ite Trp Asp Asn Vai Lys Ser Lys Lys tie Asp Ser Leu Lys Gln Tyr
100 i05 110

Lew Lys Asp Tyr Gin Glu lie Glu Gin Giu Glu Leu Pro Giu Gly Ala
115 120 125

Lys Phe Giy Val Lys Phe The Thr Trp Asn Phe Asn Cys Pro Lys Phe
130 136 140

Leu Ser Asn Val Gln Lys Tyr Leu Leu Ser Lys Asn Val Thr Phe |ls
145 150 155 160

©

Arg Lys Asn Leu Thr His Thr Gin Ala Phe Gly Pro Ala Thr Lys
165 170 175
Cys Val Phe Asn Cys Thr Gly Asn Giy Ala Arg Phe Leu 8ly Gly Val
180 185 190

Gin Asp Ala Lys Val Tyr P
195

g

o Thr Arg Giy Gln Val Vai Val lle Lys
200 205

(a3



<210> 7 <211> 1084 <212> DNA <213> Candida intermedia
<400> 7 atgtctgaat acgtaattgt tgggtatgtc caatgggttt gttctgcttt
aaacatctgt 60 ttctaaccto agttctggta tcataggctt gtacactgga
tacaaacttc tagagtctgg 120 agtgcccggt gaatccatca ctgttgaggc
agaattctta cctggggacg agtctatcaa 180 atacacttct ccttatgcgg

n

gaggaaattt ctecggaate actd§igsid Atetgacto 240 gttgaagttc

a1 pro i IAPRANGACACRIAG03AR, QP RCCARS, [TgGaaaagc ttttgggtgg 300
21t gccactgtgtitfgcttagata tgctéectge taccgaaatc tgggataatg

tcaa{[ct%aa 360 £3) seguence |Iﬁ'gll’£9u (gaaaattgac tctttgaagc

25 " agtattiih GYAcAtcah HhaAtdage adaagaatt 420 gectgagggt

gccaagtttg gagtgaaatt caccacctgg aacttcaatt gtcccaagtt 480

Bly Pre Leytiyaypetan dticbaderabip decitetite Eugdhditgtc actttcatcc gtaaaaactt
540 gacccatata actcaagcat ttggtcctgc aaccaaatgt gtgttcaatt

Thr Glu AspJ0aCEY GRAA600 THOGHOGEcgarfCOigBigegagticagga cgccaaagty
tdfctacaa gaggitaggt 660 ggttbtcatt aaggctccee acatcaatga

asn 61n A IRERAGAT 29319909, 81A9GIR19E {49, facttacata atcaaaagac
215catactcaca tg#tcagttg attcttgepag gttttctcca 780 gaaaaacgac

t%factcc_a atactctttc tgagcaaaca gaagatatac ttttcagaac 840
Val Yal Alabletgutied sigEtaAddintetiankicd gimtttacat gggccaaaca
ttgaagattt 900 ggaaattgtg agagtggtgg ctggattgcg tcccagcaga

iégg Giu Va Edatggaggt@tdag@attgﬂg%@@n ayaa“asgaggég ctagatggaa agttgttgat
tcacaattac ggtgctggag ggtatggata 1020 tcaatcgggt ttgggaatgg

aly Tyr 61,CROAIASA0S,[OigaagtianCAAA0GE Rgagtaaact 1080 ttag 1084
<2168 8 <211> 30 212> DNA <3%3> Artificial <220> <223>

-5 <4Q9u> 8 cgcactccat atgtctgaat acgtaattgt 30 <210> 9

Leu Ala Leuzgﬂinr %eé Lys

Q1> 2

<21t> 1035

212> DNA

<213> Candida intermedia

400> 2
atetctgaat acgtaattet tggttotget atcataggct tegtacactez atacaaacit 80

ctagagtety gagtgecoge tgaatocatc actgtigage cagaattott acetggggac 120
gagtctatoa aatacaciic teotiatges ggaggaaatt totcooggaat cactggtgat 180
gatcotzact cgttgaagit cgataageac acciacgaaa actigoocaa gitigeaaaag 24D
citttgeets ggocactgty tgecitagat atgetocety staccgaaat ctgggataat 3060
gtcaagtoga agaaaatiga ctotttgaag cagltatottia aggactacca ggaaatigag 360
caagaagaal tgcctgaggg tgccsapttt ggagtgaaat icaccaccig gasciicast 420
tgtoocangt tittgagtaa tgtccagaaa tasoitettl cozagaatgt castttoate 480
cgtaasaaact tgacocatat aactcasgea titggicotsz caaccaaatg tgtgitcaat 540
tgcacteggaa ategtegcoce attootiget ggagitcagg acgccaaagt gtatcctaca 600
agaggacagg tgegttgtoat taaggotcoc cacatcaatg agaacatgat tagateggegc 660
gataactatg ccacttacat aatcaaazga ccatactcac atgatcagtt gattottega 720
gegttttetoe agasagacga ctggacicca gatactetit cigagcaaac agaagatata 780
sttttcagaa caactaatet attgccaaag atctiaaacs agaatccaca tgggccaaac 840
attgaagatt tggaaatizt gagagtegte gotggettige gicccagoag acatggaget 900
gtcagaattg aaasaagaget gotagatgea aagtigttea ticacaatta ceetegctega 960

(2



<212> DNA <213> Artificial <220> <223> Primer-6 <400> 9
gacacggagc tcttaaagtt tactctggcc ca 32 <210> 10 <211> 31
<212> DNA <213> Artificial <220> <223> Primer-7 <400> 10
atcgttacat atgagcttag tagaaaaaac a 31 <210> 11 <211> 30
<212> DNA <213> Artificial <220> <223> Primer-8 <400> 11

eestatecattanoignagt iattagtian eaata i 30N, 52105012 sequence listing
cagagtasactlihd > 43 <212> DNA <213> Artificial <220%,<223> Primer-9

<400> 12 actgaattct aaggaggtta acaatggaac tttttaaata tat 43

gg}?g f7 <210> 13 <211> 32 <212> DNA <213> Artificial <220>
212> DNA
213> Artifiejal

{220
223> Primer-1

(220>

<221> misc_feature

222> (18).. {15)

<223> n represents a, %, £ or ¢

400> 3
rowwswoewt gggongg 17

210> 4

<Lty 17

<212> DNA

213> Artificial

<220%
23> Primer-2

400> 4
gorkswecrt arttrig 17

210> 5

211> 20

<212> DBHA

Q1> Artificial

<220>
223> Primer-3

400> 5
tetttotgag cesacagaag 20

216> 6

L1y 20

212> DRA

<213> Artificial

{220>
<223> Primer—4

<400> 6
gacattatoe cagatfttegg 20

210 7

211> 1084

<212> DMA

<213> Cendida intermedia

400> 7
atgtetgaat acgtaattgt tgggtatstc caategeitt gttetgetty aaacatoiet 60

ttoiaaceic agtictzgta tcataggott glacactgga tacaaactic tagagioigg 120
agtgooogst gaatccatca ctgltgagec agzattetts cctggggace agtotatcaa 180
atacacttct cottatgegg gaggaaattl ciocggaatc actggteatg atcetgasto 240
gttgaagtic gatsagoaca cotacgaaaa cttgocoaag ttgcasaage ttttgegetge 300

geoaslgtgt ggottagata tgotcoctEs taccgamatc tzzzataatg tcaagicgaa 360
3



<223> Primer-10 <400> 13 gatgagctct tattaacgtc tgcttaatac ac 32
<210> 14 <211> 43 <212> DNA <213> Artificial <220> <223>
Primer-11 <400> 14 cggggtacct aaggaggtta acaatgtctg aatacgtaat
tgt 43 <210> 15 <211> 29 <212> DNA <213> Artificial <220>
<223> Primer-12 <400> 15 atcct taaagtttac tctggccca 29
<210> 16 <211> 43 <212>°I%e D153 Artificial <220> <223>

Basaatigao ?t%gé?giégtgﬂﬁﬁg?éti‘éﬁééf@éégﬁ“a”éﬁ@gaﬁbtta%%aatgtctg aatacgtaat

gocteageet FEpARLiE FITHEe N L20PPLen ero oIS EIRpA < 21488 Artificial <220>

ttigagtast £PoaRasdb HtFi&YLiTY c22tp@@ 1T raRetgeagtnaabittac tctggccca 29

gacccatate <R d9zeal Qtenicetae sascasatgt gtgtteastt goactggaaa 600

tegtgocoga ttoottgpty gagttcagea ceccasagig tatcotacas gaggacaggt 660

ggttgloatt aaggotocce acatcaatga gamcatzatt agatggegoe staactatpe 120

cacttacata atcaasaagac catactcaca tgatcagitg attottepag pttttotcca 780

gasagacgac tggactccag atactotttc tgagcaaaca gaagatatac_ttttcagaac 840

aactaateta ttgccasaga tottaaacca gaatccacat gggocaaasa ttgaagattt 800

ggaaattgty agagligetes ctggattzcg toccageaga catggagete tcagastiga 960

aasagaggtg ctagatggaa agtigttgat tcacaattac getzctgpap ggiatgeata 1020

tcaatcgget tipggaatpe cagateeage tgtzaagtta goattzgsco agagtaaast 1080

ttag 1084

<210> 8

<211y 30

{212> DNA

213> Artificial

<{220>
223> Primer-5

<400> 8
cgeactocat atgictgaat acgtaatipt 30

<210> %

{211 32

<212> DNA

213> Artificial

220>
223> Primer-6

<4005 9
gacacggagt toitaaagti tactetggce ca 32

210> 10

Q211> 3

<212> DNA

213> Artificiatl

{2200
<223> Primer-7

<400> 10
ategitacal atgegoitag tapasasaac a 3

<2100 1

211> 30

212> DNA

213> Artificial

220>
<223> Primer-8

<400> 11
taactegcagt tattagitee gaatatocca 30



<211> 27 <212> DNA <213> Atrtificial (5) sequence listing
<220> <223> Primer-15 <400> 18 atcacgcata tggcgaaaat actttgc
27 <210> 19 <211> 30 <212> DNA <213> Atrtificial <220>
<223> Primer-16 <400> 19 atagaattct tatcagccgg ccttcttgaa 30
<210> 20 <211> 44 <212> DNA <213> Artificial <220> <223>
210> 12 Primer-17 <400> 20 tacgéegltjﬁg%eet'ésgtﬁgggtta acaatgagct
Z1% e tagtagaaaa aaca 44 <210> 21 <211> 30 <212> DNA <213>
@ Mtiffificial <220> <223> Primer-18 <400> 21 taactgcagt tattagttgc
<2207 or pfaatatccca 30 <210> 22 <211> 31 <212> DNA

223>

<400> 12
actgaatict aaggaggtta acaatggaac tttitasata tat

210> 13
211> 32
<212> DNA
<213 Artificial

220>
223> Primer-10

<400> 13
gatgagetot tattaacgtc tgcttaatac ac

C2i> 14

2> 43

<212> DHA

213> Artificial

{2207
<223> Primer-11

<400> 14
cpegptacct aaggagetta acaatgtote aatacgtast tget

21> 15

Q1> 28

212> DHA

<213> Artificial

220>
<223> Primer-12

400> 15
gogggatoot taaagtitac iciggecca

210> 16
211> 42
<212> DNA
<21 Artificial

<2207
<223> Primer-13

<400> 18
aaactgcagt zaggaggtia acaatgtotg aatacgtaat tsgt

<2105 17
21> 2%
212> DNA
<213 Artificial

220>
223> Primer-14

400> 17
asactgeagt tasagtttac totggocca

210> 18

21 27

<212> DNA

213> Artificial

(5)

43

3z

43

28

43

20



<213> Artificial <220> <223> Primer-19 <400> 22 ttcatcgcat
atggaattcg agctcggtac ¢ 31 <210> 23 <211> 26 <212> DNA
<213> Artificial <220> <223> Primer-20 <400> 23 ttcatcgcat

atgtgtttcc tgtgtg 26 (6)
sequence |isting

220>
223> Primer-15

460> 18
atcacgoata iggcgasaat actttge 27

<21 19

Q1 30

212> BNA

QI Artificial

2207
223> Primer-16

<400> 19
atagasattot tatcapecgg cotictigaa 30

<210> 20

211> 44

<212> DHA

213> Artificial

{220>
<223> Primer-17

<400> 20
tacgaatict aaggaggita aceatgaget tagtagaaaa aaca 44

Q21> A

Qe 30

<212> DNA

<213> Artificial

<220>
223> Primer-18

400> 21
taactgcagt tattagttge gaatatccca 30

<210> 22

Ay AN

<212> DNA

21> Artificial

220>
223> Primer-19

<400> 22
ticatogoal atggaattcg agetegetac o 3

210> 23

211> 26

<212> DNA

213> Artificial

220>
223> Primer-20

400> 23
ttoategoat atgtgttice fgtstg 28



