;. 1012345e3e[ HHI , PQ >[ 6t [ T MC DNA FOR ENCODI D- HYDANTOTN HYDROLASES, DNA
FOR ENCODI NG N- CARBAMYL- D- AM NO AC w U NEAS. RECOVBI NANT DNA CONTAI NI NG
THE GENES, CELLS TRANSFORMED W TH b NT DNA, 5 METHODS FOR
PRODUCI NG PROTEI NS UTI LI ZI NG THE TRANSFdobd#=D CELLS AND METHODS FOR

PRODUCI NG D- AM NO ACI DS FI ELD OF THE | NVENTI ON The present invention
relates to a DNA for encoding 10 D hydantoi n hydrol ase ("D hydant oi nase")
which is utilized preferably for producing D-amino acid, a DNA for encoding
N- car banyl - D- ami no adNA IBRaGR ENCE@DIND- DaHYANTEEN )HYRROBAOEBI, nant DNA
containing the gene, a cell traps fornmed with the reconbi nant DNA, a

met hods for prpRACEFOR ENUCHENG NSCA8BAMYIR®-tadnsd oxoed BEbROAAGH® 0duci ng
D-am no acid. BACKGROUND OF THE I NVENTION In a known net hod for producing

am no acid using an eng¥oBMeaNANTURRIA tebeea IERG! @nt end synt hesi zed
20 chemcally at a low cost is enployed as a starting material and is

deconposed asymmet régal by kA FORMEGR! T ROk e RAELME RS DA, et hod for

produci ng optically active amno acid fromsuch a 5-substituted hydantoin

conpound § ?Og@&gﬁiﬁtkﬂél@rp%ﬁﬁ%&??ﬁgbﬁﬁ%‘e:ﬁﬁ% ZING gﬁ%%ﬁ'&%ba' 25

pr oduct s, ives an n a nmetho r produci ng
optically active ggfPsagifl MpTHODS FOR PRODUCING D-AMINO ACIDS

FIELD OF THE INVENTION

The present invention relates to a DNA for encoding

10 D-hydantoin hydrolase ("D-hydantoinase™”) whichis utilized
preferably for producing D-amino acid, a DNA for encoding
N-carbamyl-D-amino acid hydrolase ("D-carbamylase"), a
recombinant DNA containing the gene, acell transformed with

the recombinant DNA, a methods for producing a protein using

15 the transformed cell and producing D-amino acid.

BACKGROUND OF THE INVENTION

In a known method for producing amino acid using an

enzyme, a 5-substituted hydantoin compound synthesized

20 chemically at a low cost is employed as a starting material
and is decomposed asymmetricallyintoopticallyactive amino
acids. A method for producing optically active amino acid
from such a 5-substituted hydantoin compound is important

for producing pharmaceuticals, chemical industrial

25 products, food additives and the like.

‘ ARARA
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fromsuch a 5-substituted hydantoin conpound, the foll ow ng enzynes (1) and
(2) are required: ( 1) An enzyne which catalyzes an N-carbanylamno acid 5
produci ng reaction via an action on a 5-hydantoin conpound to hydrol yze

t hi s conmpound: hydantoin hydrol ase (hydantoinase). ( 2 ) An enzyne which
catal yzes an optically active amno acid producing reaction via an action
on a resultant 10 N-carbanylam no acid to hydrolyze this conpound,

N-car banyl ami no aci d hydrol ase (carbanyl ase). For producing optical

active am no aci d FRchingthoshboti PupedCchydapPbifaddnpdohdveezBinpea Ghdve,
an enzyme which is optically selective for at |east one of (1) 15

hydant oi nasefann {@h @a? baupkade wmyd bgdemplodyedompadnkinowme fstlncusi wapl oy
a mcrobial enzyne systemor a mcrobial enzyne systemconbined with a

chem cal reaehzgnesydStlemarAhong) saeh keowi meihods, a known nethod for
produci ng D-am no acid froma 5-substituted hydantoin conpound using 20 a

D-am no acid produci NArMe@zQ@icdRALSM O& t 81 Paker 4@ IN-ceied iy Ngm 8N o eNZydre
produced by the m croorgani smenpl oys a Pseudononas m croorgani sm (Japanese

Patent AppligabboeiReblbaatiiom Nea 88-HO8034)oRra 3R rAdeRacteld ound
m croor gani sm (Japanese Patent Application Laid-open No. 25 019696). Such a

D-am no aci dgr 0d1‘1‘§@i981§ﬁz|%r 00 gaRI SM@dmp u@AUeNhh i haS i hy daal Nase

activity specific generally to a 5-substituted hydantoin in a’™D form and
when using a,PL=5- tituted hydantoin (5-benzyl hydatoin as an exanpl e
here) as a séa F?REEQEFE%#a1, the D form s hydrolyzed 5 exclusively to form

\?vhni %ngfgmé;éﬁém(/g >Z,-\anCLi—:-r(;ZIZ yr\ﬁ@iw%hiék% cytl_eariyhz)édsrgrlx %%%qc@ﬁ.lay D-¢arhamyi ase
acid producing reaction via an action on a resultant
10 N-carbamylamino acid to hydrolyze this compound,
N-carbamylamino acid hydrolase (carbamylase).

For producing optically active amino acid from a
5-substituted hydantoin compound describe above, an enzyme
which is optically selective for at least one of (1)

15 hydantoinase and (2) carbamylase may be employed, and known
methods employ a microbial enzyme system or a microbial
enzyme system combined with a chemical reaction system.

Among such known methods, a known method for producing
D-amino acid from a 5-substituted hydantoin compound using

20 a D-amino acid producing microorganism or a material
containing an enzyme produced by the microorganism employs
a Pseudomonas microorganism (Japanese Patent Application
Publication No. 56-003034) or an Agrobacterium
microorganism (Japanese Patent Application Laid-open No.

25 019696) . Such a D-amino acid producing microorganism



on the Dform resulting in only an amno acid in the D form
(D phenyl al ani ne as an exanple here), as shown in the follow ng schene. 3
CHz CO NH H HN- CO DL- 5- SUBSTI TUTED HYDANTO N D- HYDANTO NASE CHz~~~~, COCH
H NHCONHz N- CARBAMYL- D- AM NO ACI D D- CARBAMYLASE CHz~~~ COOH H NHz D- AM NO
ACI D SUMVARY OF THE | NVENTI ON Thus, a production of an optically active
amno acid 5 froma 5-substituted hydantoin conpound using a cultured cell
of a D-am no acid producing mcroorgani sminvolves here a problemresulting
from t he nektegfientdyr haatdvieydaphoasase agthydam epecddriios geines Fldry t he
pur pose of increasing the production of an enzyne required for the
reacti on, ototéeSnsedsoflta trwbiywkamoint iof at befouln uped edleln uGirtde
ot her hand, for the purpose of an efficient

a DL-5-substituted hydantoin (5-benzylhydatoin as an

example here) asastartingmaterial, theD formishydrolyzed
5 exclusively to form an N-carbamyl-D-amino acid, which is
then hydrolyzed by a D-carbamylase which acts exclusively
on the D form, resulting in only an amino acid in the D form
(D-phenylalanine as an example here), as shown in the

following scheme.



5 production of an optically active amno acid, it is preferable that a

D- hydant oi nase gene and a D-carbanyl ase gene are isolated and inparted with
an increased gene anplification, transcription and translation to obtain a
reconmbi nant whose ability of producing such an enzyne is 10 enhanced, which
is then enpl oyedin the production. However, a conventional nmethod is
problematically time consumng in effecting a reaction, and the reaction
allows an N-carbanyl-D-amino acid to be forned as a by-product. 15 It is an
object of the present ingéntjon to isolate a D hydantoi nase gene and a

D- car banyl ase gene from gani sm having an ability of converting a
5-substituted hydantoi n sgupound, to a gpam no aci d whereby el ucidating the
am no aci d sequence and the base? enggy20 of an encoding gene and to
construct a reconbi nant whose pg©ed ti8§ of the enzynme is enhanced whereby
provi ding a nethod for producing the D¥amino acid efficiently fromthe
5-substituted hydantoi n. gihs.QussenyTED AN EoINRde an effort for sol ving
the 25 probl ens descri bed above, and were finally successful in 5

i sol ati ng a D hydant oi nase gene and D- car banyl ase gene from a

m croorgani sm_having an ability of converting a 5-substituted hydantoin
conpound i nt o B-HXRANTOINASE ) whereby establishing the present invention. 5
The DNA accor ct of the present invention has a base
sequence represented by (a) or (b) amd that encodes a protein having

D hydant oi nase activity, wherein (a) |is the base sequence represented by
Seq. IDNo. 1 in the Squ/-ce Listing; and 10 (b) is a base sequence
hybridi zing with a conpl ¢ ary baseé sequence of the base sequence

represented by Seq. 1D n the Sequence Listing under a stringent
condi tion CH%” COOH

H™ "NHCONH,
N-CARBAMYL-D-AMINO ACID

( D-CARBAMYLASE .

QW
CHQ///

<

NH,

COOH

D-AMINO ACID

SUMMARY OF THE INVENTION

Thus, a production of an optically active amino acid
5 from a 5-substituted hydantoin compound using a cultured
cell of aD-amino acid producingmicroorganisminvolves here

a problem resulting from the need of a derivative such as



for encoding. The DNA according to another aspect of the present 15

i nvention has an am no acid sequence represented by (c) or (d) and that
encodes a protein having D hydantoi nase activity, wherein (c) is the am no
aci d sequence represented by Seq. ID No. 2 in the Sequence Listing; 20 (d)
is an am no acid sequence resulting fromthe substitution, deletion,
insertion, addition or inversion of one or several amno acid residues in
the am no acid sequence represented by Seq. IDNo. 2 in the Sequence

Li sting. The rregdabhtoant dBNAvatdordifiigyr ttthea ginrpdsaspécinoteds inhe threesent
invention results froma connection of a DNA 6 according to the first
aspect with prygatoiobNAE dheeneonabirpant riNAfaccahdi e alcx ivf,0wd khaspect
of the present invention results froma connection of a DNA according to

the second aspeston hhma seastoratht Sofheneekhiasoardicwnto a fifth aspect
is transformed with a reconbi nant DNA according to the third aspect. The

cell according to @ SixthoagReChahsl,t FRISTA AR Mb S He 80 EEGAMRIFRARY [NA
according to the fourth aspect. The ‘met hod for producing a protein having

10 Dhyd@”tgﬁé‘gﬁﬁcé%hv'é aGeoLghng Ha %‘E‘é‘i@eh Qﬁlﬁ?ﬂ%t 5(858“5131,5 is

i ncubati ng ture ium "and alTowi ng a protein’having

D-hydantOIn%ggegggggitytﬁatbg §9§§HH£%E1nase gene and a D-carbamylase

gene are isolated and imparted with an increased gene
amplification, transcription and translation to obtain a
recombinant whose ability of producing such an enzyme 1is
10 enhanced, whichis thenemployedin the production. However,
a conventional method is problematically time consuming in
effecting a reaction, and the reaction allows an

N-carbamyl-D~amino acid to be formed as a by-product.

15 It is an object of the present invention to isolate
a D-hydantoinase gene and a D-carbamylase gene from a
microorganism having an ability of converting a
S5-substituted hydantoin compound to a D-~amino acid whereby
elucidating the amino acid sequence and the base sequence

20 of an encoding gene and to construct a recombinant whose
production of the enzyme is enhanced whereby providing a
method for producing the D-amino acid efficiently from the
5-substituted hydantoin.

The present inventors made an effort for solving the

25 problems described above, and were finally successful in



in one or both of the culture nmediumand the cell. The cell being the cel
according to the fifth aspect. 15 The nethod for producing a protein having
D- hydant oi nase activity according to an ei ghth aspect conprises incubating

acell inaculture medium and allowing a protein having D hydantoi nase
activity to be accunmul ated in one or both of the culture nmedium and the
cell. The cell 20 being the cell according to the sixth aspect. The protein

according to a ninth aspect of the present invention has an am no acid
sequence represanitethdya (Byhpdafibpiandchavintg dirdydanicd resey Basevitye
wherein (a) is the amno acid sequence represented by Seq. ID No. 25 2 in

the Sequence dddit | A0miaRdorgan(idm | Ba®dngMatp A1 Ui 8@quENGIRSHtihggaf rom
the substitution, deletion, insertion, addition or inversion of one or

several am ng . agiyk ¢ £sh dgS Hyudhe A R thSequences I epanasRNt iRy Seq.
ID No. 2 in the Sequence Listing. 5 The nethod for producing

N- car banyl - Dygpa g, 3C& git%i@gﬁmg,r t(;cglee? f%ﬁgs%sg%%ome present

i nvention conprises producing a ant ol nase activity by

the'“Hhog_accordi%%é%ﬁ%g%g§?§¥g$ﬁg%%g%%$%Bgéﬁﬁwgﬁgg%pﬁhﬁﬁyention

N-car banyT - D- am no "aci Ki'ng e protei avi | Ol nase
activity reaglaiif o substit il od hudantal - Te: o)l RERA o BSo8akk
a protein having D-~hydantoinase activity, wherein
(a) is the base sequence represented by Seq. ID No. 1 in
the Sequence Listing; and

10 (b) is a base sequence hybridizing with a complementary
base sequence of the base sequence represented by Seq. ID
No. 1 in the Sequence Listing under a stringent condition
for encoding.

The DNA according to another aspect of the present

15 invention has an amino acid sequence represented by (c¢) or
(d) andthat encodes aproteinhavingD~-hydantoinaseactivity,
wherein

(c) is the amino acid sequence represented by Seq. ID No.
2 in the Sequence Listing;

20 (d) 1is an amino acid sequence resulting from the
substitution, deletion, insertion, addition or inversion
of one or several amino acid residues in the amino acid
sequence representedby Seqg. IDNo. 2 in the Sequence Listing.

The recombinant DNA according to a third aspect of

25 the present invention results from a connection of a DNA



The net hod for producing N-carbanyl-D am no acid according to an el eventh
aspect of the present invention 15 conprises producing a protein having

D- hydant oi nase activity by the nethod according to the eighth aspect, and
produci ng N-carbamnyl -D-am no acid by making the protein having

D- hydant oi nase activity react wwth a 5-substituted hydantoin. The cell
being the cell according to the sixth 20 aspect. The nethod for producing
D-amno acid according to a twelfth aspect of the present invention

conpri ses paeduidighd P otkenfhavitng dpdydamt bh naseeatbirvibtya by the net hod
according to the seventh aspect, and producing D amno acid 25 by making

the protein havi nghld- hedarainase med i vééyrandg8to anfenzynea fydeel yzi ng an
N-car banyl -D-amino acid or a material containing the enzyne react with a

5-substi t ut e hydand it i fen £8bh ReIsNA & Gl la achM & PPohOoEhg DIALD
aspect. 5 The nethod for producing D-am no acid according to a thirteenth

aspect of t : L v i ri r i Rg r.ot ey havi ng
D-hydantoingggﬁggﬁi t%gbgﬂ%hggﬁ%?ﬁ%éhggﬁggd?ﬂgﬁt% Y 8E5?92¥ﬁxéspect, and

produci ng D-am no [ Ki ng., of el. V] ) ' tivity
10 and o enoyme. Fodr S AG St oL Bary o St Ao b parndf
containing the enzyne react wt 5-substituted dantqin. The cell being
t he cell acéﬂﬁaiﬁb E%F?%%lg?RPh%ﬁ% accorélng to QXe thlr% aspect.

The cell according to a sixth aspect is transformed
with a recombinant DNA according to the fourth aspect.
The method for producing a protein having

10 D-hydantoinase activity according to a seventh aspect
comprises incubatingacell inaculturemedium, and allowing
a protein having D-hydantoinase activity to be accumulated
in one or both of the culture medium and the cell. The cell
being the cell according to the fifth aspect.

15 The method for ©producing a protein having
D-hydantoinase activity according to an eighth aspect
comprises incubatingacell inaculturemedium, and allowing
a protein having D-hydantoinase activity to be accumulated
in one or both of the culture medium and the cell. The cell

20 being the cell according to the sixth aspect.

The protein according to a ninth aspect of the present
invention has an amino acid sequence represented by (a) or
(b) and having D-hydantoinase activity, wherein

(a) is the amino acid sequence represented by Seq. ID No.

25 2 in the Sequence Listing; and



aspect. The DNA according to a fourteenth aspect of the present 15

i nvention has a base sequence represented by (a) or (b) and that encodes a
protei n having D-carbanyl ase activity, wherein (a) is the base sequence
represented by Seq. ID No. 3 in the Sequence Listing; and 20 (b) is a base
sequence hybridizing with a conpl enentary base sequence of the base
sequence represented by Seq. ID No. 3 in the Sequence Listing under a
stringent condition. The DNA according to a fifteenth aspect of the present
i nvention has(lan ais narmciathisegueNcal r epesanted dtas lc)ing 2rdm) tdm t hat
encodes a protein having D carbanyl ase activity, 9 wherein (c) is the

am no acid senyeneetrieps esRMeHi &y, SeselkPiba, 4dditike Sequereedisting;
and (b) is an amino acid sequence resulting fromthe 5 substitution,

del etion, ipgebhiORyr atdid+ON ShihBYALSIONOfi ANEs OLnSerer ahid n-1a¢i d
residues in the am no acid sequence represented by Seq. ID No. 4 in the

Sequence Li §Ehﬁgncghj?e;5§@9@ﬁt€é'ﬁy§)§‘@ aiQfQBd'znﬂntt‘Beaséd{%é@@@tﬂlsac%H?&t of
the present invention results froma connection of the DNA according to

the fourd eenth aspaet yidib@ ¥8Gt of BV The yf-enrbig o Dy Ao 96 o

sevent eent h aspect e present nventi o om a connection of

the according to a tenth aspect of the present invention

comprises producing a protein having D-hydantoinase
activity by the method according to the seventh aspect, and
producing N-carbamyl-D-amino acid by making the protein
10 having D-hydantoinase activity react with a 5-substituted
hydantoin. The cell being the cell according to the fifth
aspect.
The method for producing N-carbamyl-D-amino acid
according to an eleventh aspect of the present invention
15 comprises producing a protein having D-hydantoinase
activity by the method according to the eighth aspect, and
producing N-carbamyl-D-amino acid by making the protein
having D-hydantoinase activity react with a 5-substituted
hydantoin. The cell being the cell according to the sixth
20 aspect.
The method for producing D-amino acid according to
atwelfthaspectof thepresentinventioncomprisesproducing
a protein having D-hydantoinase activity by the method
according to the seventh aspect, and producing D-amino acid

25 by making the protein having D-hydantoinase activity and



DNA according to the fifteenth aspect with a vector DNA. The cell according
to an eighteenth aspect of the 15 present invention is transfornmed with a
reconbi nant DNA according to the sixteenth aspect. The cell according to a
ni neteenth aspect of the present invention is transformed with a

reconmbi nant DNA according to the seventeenth aspect. 20 The net hod for
produci ng a protein having D carbanylase activity according to a twentieth

aspect of the present invention conprises incubating a cell in a culture
medi um and a&rd oehngme ipdeohyhangngiD- Nachabpgde actnivid y atddoeor a
accunul ated in one or both of the culture 25 nediumand the cell. The cel

bei ng the celdatecostid@ntoid®dng the ehghiheenthcaspeeh. a Thesapsboduten
produci ng a protein having D carbanyl ase activity according to a

twenty-first papectooh .t henpresentpd Ny t?rﬁﬂé)%élq_”ﬁ@cﬁﬁﬁilrﬁf@ﬁtth%gfaf‘%@| in
a Sculture nedium and allow ng a protein having D-carbanyl ase activity to

be accumul at ed,isf.one or both of the culture nediumand the cell. The cel
being the cell "according to the nineteenth aspect. The protein according to

a twenty-gecond as IIQ% S%thP?B {3&?8 n'?;Vgﬁéxﬁ’h asc AR 20L0Pq3Al dto

sequence represente haVI n car banyl ase activi

2QZLZL2e(E?San%Q§5n8en ﬁﬂgspegguegc%ﬂéﬂgﬁéegﬁgd1%%5%%10n chprlseg the

producing a protein having D-hydantoinase activity by the
method according to the eighth aspect, and producing D-amino
acid by making the protein having D-hydantoinase activity
10 and an enzyme hydrolyzing an N-carbamyl-D-amino acid or a
material containing the enzyme react with a 5-substituted
hydantoin. The cell being the cell according to the sixth
aspect.
The DNA according to a fourteenth aspect of the present
15 1invention has a base sequence represented by (a) or (b) and
that encodes a protein having D-carbamylase activity,
wherein
(a) is the base sequence represented by Seq. ID No. 3 in
the Sequence Listing; and
20 (b) is a base sequence hybridizing with a complementary
base sequence of the base sequence represented by Seq. ID
No. 3 in the Sequence Listing under a stringent condition.
The DNA according to a fifteenth aspect of the present
invention has an amino acid sequence represented by (c) or

25 (d) and that encodes aproteinhavingD-carbamylaseactivity,



(b) is an am no acid sequence resulting fromthe 15 substitution, deletion,
insertion, addition or inversion of one or several amno acid residues in
the ami no acid sequence represented by Seq. IDNo. 4 in the Sequence

Li sting. The nethod for producing D-anm no acid according to a twenty-third
aspect of the present invention conprises 20 producing a protein having
D-carbanyl ase activity by the nethod according to the twentieth aspect, and
produci ng D-am no acid by maki ng the protein having D carbanyl ase activity
react with awhéwatrbanyl am no acid. The cell being the cell according to
the ei ghteenth aspect. 25 The nethod for producing D-am no acid according
to 11  a twent(y)f our theasmesd 0fFid e QUEseatrdpwvesén 0adaey¥dgeg preduci ng
a protein having D carbanylase activity by the nethod according to the
twenty-first aspectne apdqRea@UCitngG 3@ nenaci d by making the protein
havi ng D-carbanyl ase 5 activity react with an N-carbanyl am no acid. The

cell being the ggll %Ccﬁhd'Qﬂlhg tQ@lH'nEéQQQBEeaSEﬁghltI%%'”%EQHU f@k
produci ng D-anlno acid according to a twenty-fifth aspect of the present

| nvent i onsconnyl ey RERGHCT A1 CATLAN el A NGy D-£RPRIYKASE BREEYLLYbY

the 10 nmethod according t6 aspect, pro u0|ng amno acid

b Kk h h Ro) I
nzymohyar ol Y4 1 S0 E RSt P et Ry B o T T P tfle

enzynme react with a 5-substitute ydant . Thece] | bei ngt hecel | agccor di ng
T8 76 the of GHRBEHIHE AEREAS S RARIE £ BNy BaTer IS SBRhATF hpGLRe
according to a twenty-sixth aspect of the present invention conprises
produci ng a protelﬁhﬂnﬁ%EPT?%%?BEn?W%S%C%EFp%PQthyatﬁéXHEFHSB a8®6Fd ng
to the twenty-first aspect, and producing 20 D-am no acid by making the
protein havi if B |ﬂﬁﬁﬁﬁ%@6@%&@$9%?9 BAguAl SehEpReRyaPBRpEitign of the
ab5-substituted hydantoin or a material containing the enzynme react with a
5- subst i L0t ey daar@rGingheo cehe bedwytepatbehbpacEordithiga vector DNA.

The recombinant DNA according to a seventeenth aspect
of the present invention results from a connection of the
DNA according to the fifteenth aspect with a vector DNA.
The cell according to an eighteenth aspect of the
15 ©present invention is transformed with a recombinant DNA
according to the sixteenth aspect.
Thecellaccordingtoanineteenthaspectof thepresent
invention is transformed with a recombinant DNA according
to the seventeenth aspect.
20 The method for ©producing a protein having
D-carbamylase activity according to a twentieth aspect of
the present invention comprises incubating a cell in a
culture medium, and allowing a protein having D-carbamylase
activity to be accumulated in one or both of the culture

25 medium and the cell. The cell being the cell according to

10



to the nineteenth aspect. 25 The nethod for producing D-am no acid
according to 12 a twenty-seventh aspect of the present invention

conpri ses producing a protein having D hydantoi nase activity by the nethod
according to the seventh aspect, the cell being the cell according to the
fifth aspect, producing a protein 5 having D carbanyl ase activity by the
nmet hod according to the twentieth aspect, the cell being the cell according
to the eighteenth aspect, and producing D-anmino acid by naking the protein
havi ng D hydathei ehghtaentw taswsk £ he protei n havi ng D carbanyl ase
activity react with a 5-substituted 10 hydantoin. The nmethod for producing

D-am no acid accordimg t eexHowent ¥oei gh%hoaa@e@@ ofat heytesint hawamd on
conpri ses producing a protein having D hydantoi nase activity by the nethod

according to éh@a,ssaﬁg}ms%seé%twﬂt@/ea%%ldrdaed &d Iéetaeén(ﬁ?l—lfl%%ctora@'ﬁéﬂ:
the fifth aspect, producing a protéin having carbanyl aSe activity by the

met hod accor dhAgf 0 ﬁf‘@sé%@nib{véh&%naé%ﬁ&ﬁr’lste"se iHRldpdei A 4 hecelin a

according to the nineteenth aspect, and prod u0|ng D-am no acid by maki ng

the proteish hayi pg,P-{W Obﬁﬁﬁﬁlﬁggl%ﬁ%% i'tut Q§R%§é ngebQ%E%%#g od for

D-carbanylase act|V|ty react wt ntor n

product ng. D a0y 8t} d:8°6e" u0hnld A 4D Yo RSP B3PRCD (O nbe frgsen
I nvention co Ses
medium and the cell. The cell being the cell according to
the nineteenth aspect.
The protein according to a twenty-second aspect of
10 the present inventionhas an amino acid sequence represented
by (a) or (b) and having D-carbamylase activity, wherein
(a) is the amino acid sequence represented by Seqg. ID No.
4 in the Sequence Listing; and
(b) 1is an amino acid sequence resulting from the
15 substitution, deletion, insertion, addition or inversion
of one or several amino acid residues in the amino acid
sequence representedby Seq. IDNo. 4 in the Sequence Listing.
The method for producing D-amino acid according to
a twenty-third aspect of the present invention comprises
20 producing a protein having D-carbamylase activity by the
method according to the twentieth aspect, and producing
D-amino acid by making the protein having a—carbamylase
activity react with anN-carbamylaminoacid. Thecell being
the cell according to the eighteenth aspect.

25 The method for producing D-amino acid according to

11



produci ng a protein having D hydantoi nase activity by the 25 nethod
according to the eighth aspect, the cell being the 13 cell according to

t he sixth aspect, producing a protein having D carbanyl ase activity by the
met hod according to the twentieth aspect, the cell being the cell according
to the eighteenth aspect, and producing D-am no acid by nmaking 5 the
protein having D hydantoi nase activity and the protein having D carbanyl ase
activity react with a 5-substituted hydantoin. The nmethod for producing

D- am no aci d aatwendiynrf dux 2h tde pe ¢ etdif aspegrefenhel presentni aeeptriors
conprises 10 producing a protein having D hydantoi nase activity by the

met hod accor gimgid®iidiea g ght diaspeetingt De ceaddamel age tdet tel t yabgoritieng to
t he sixth aspect, producing a protein having D carbanyl ase activity by the

net hod accor ddtthdd ald daveitd ‘o Lhet tRsReGt-rithe gebkdigi REAdtpeogtbing
according 15 to the nineteenth aspect, and producing D-am no acid by nmaking

t he prOtein|B”Qﬂ£h$}§¥ﬂén5?im%%%&&ﬂﬂﬂét%ré@@ihh%dwﬁﬁ§ﬂ$L$EW%§ﬂylase
D car banyl ase activity react wth & 5-substituted hydantoin. O her objects

and featuges aQJthitJ!i i.r@‘é%@tviqPE‘h‘ré]H&—ZQrBSﬁngﬁ%n&g{&‘éE%.fr@ﬁé%ﬁ.f %%lﬂ‘lg‘ﬂ”%\l

description wth reference to the acconpanyi ng draw ngs. BRI EF DE

OF THE DRAW NG, Righ1 1ab8oBaSRIeTR ihe/! 4% oL bRERILAPR Y, the genes

The method for producing D-amino acid according to
a twenty-fifth aspect of the present invention comprises
producing a protein having D-carbamylase activity by the
10 method according to the twentieth aspect, and producing
D-amino acid by making the protein having D~carbamylase
activityand anenzyme hydrolyzinga5-substitutedhydantoin
or a material containing the enzyme react with a
5-substituted hydantoin. The cell being the cell according

15 to the eighteenth aspect.
The method for producing D-amino acid according to
a twenty-sixth aspect of the present invention comprises
producing a protein having D-carbamylase activity by the
method according to the twenty-first aspect, and producing
20 D-amino acid by making the protein having D-carbamylase
activityandanenzyme hydrolyzinga 5-substitutedhydantoin
or a material containing the enzyme react with a
5~substituted hydantoin. The cell being the cell according

to the nineteenth aspect.

25 The method for producing D-amino acid according to

12



25 encodi ng the D hydantoi nase and D-carbanyl ase of strains 14
and Fig. 2 is a flow chart of a process for

D- car banyl ase according to the invention. 5 DETAI LED DESCRI PTI ONS
Enbodi ments of the present invention are described below in the order:
DNA for encodi ng protein having D hydantoi nase 10 activity and protein
havi ng D-carbanyl ase activity, [II] Method for producing protein having
D- hydant oi nase activity andtﬁrotein havi ng D-car banyl ase activity, and

[111] Method & Gwesytothas vign

A PeC hcd & thenpriees endl Lowend 1des epmpriic s

AJ11199,
pr oduci ng D hydant oi nase and

[1]

a

protein having 15 D hydantoi nase activity is sonetines sinply referred to
as a D hydantpiodgeinyba epveteanphaveng Rahiydg nDodardsempcdsier Hey iby thhe s
sonetinmes sinply referred to as a D-carbanylase. [I] DNA for encodi ng
D- hydant oi nagsee andd B: cao bahphase: t iDNAse ¢ o t e ncooke o, B iy dant bibeaisey arick
D- car banyl ase 20 according to the invention is obtained by isolating it

from a chronosenal abNArafing avwbeaes efi gEhsp.spidEi I3 98q( BEE

described in Japanese Patent Application Publication No. 56-025119.

Fl avobact gri uia$Pngsb+ahrbAdl Al (FERM PU¢2A9) vRe me BheHOAEGRRISAGME S
had 25 initially been deposited under the nane of Al caligenes 15

10

15

20

25

the twentieth aspect, the cell being the cell according to
the eighteenth aspect, and producing D~amino acid by making
the protein having D-hydantoinase activity and the protein
having D-carbamylase activity react with a 5-substituted
hydantoin.

The method for producing D-amino acid according to
a twenty-eighth aspect of the present invention comprises
producing a protein having D-hydantoinase activity by the
method according to the seventh aspect, the cell being the
cell according to the fifth aspect, préducing a protein
having D-carbamylase activity by the method according to
the twenty-first aspect, the Fell being the cell according
to the nineteenth aspect, and producing D-amino acid by
making the protein having D-hydantoinase activity and the
protein having D-carbamylase activity react with a
S5-substituted hydantoin.

The method for producing D-amino acid according to
a twenty-ninth aspect of the present invention comprises
producing a protein having D-hydantoinase activity by the

method according to the eighth aspect, the cell being the

13
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aquamarinus in National Institute of Bioscience and Human- Technol ogy,

M ni stry of Econony, Trade and |Industry, METI, but was subsequently
re-identified to be classified in Flavobacteriumsp.. Currently,

Fl avobacterium sp. has 5 been deposited as FERM P-4229 wth the Research
Institute of Bioscience and Human-technol ogy, Al ST, MTY, JAPAN, on

Sept enber 29, 1977 . Later, on May 30, 2002, the sanme strain has been
deposited as FERM BP—SOGS as q}on Bu ﬁgest c%nventkfn in the In%ennational
Pat ent Or garii st tepBEFE8ly foe% Py * “Naf'PEFEI" 11 ASTIT UL B 2 ABVRNESH

I ndustrial Scigence and Technol ogy (Al ST) , Japan (Tsukuba City, Higash
1-1-1, | barsk{*Hy e?é%i‘ﬁpéfny}éﬁﬁn)a.c(tﬁﬁ’eleﬁ( %o %%dﬁ%‘ﬁ?%]@sé?izﬁé&l&ﬁo € was
subj ected to physi ol ogi cal and physi cal testsin accordancewith Bergey's 15
Manual of DetertieiHidsleh BatRest ol 0y, calbl Heimg Fhadiceildnaceosding o ans &
Wl kins) which is a text for characterizing mcroorgani sns, and the

fol | owi ng rEvuetighiean dbesipest., Rasupredofing- Pdentnpixatd sy vhking

Fl avobacterium sp. strain AJ11199 (FERM P4229) 20 Gram staining Negative
Cel | nobphditogp mdecin bsvivbty Di-thy dbonteo Nid s @tasc triedicy iaord thredplketpriaduct i on
25 G ucose acidificaiton 16  Arginine di hydraze- U ease+Esculin

hydr ol ysi s+Getiadg nDhydrbbnyilas®( 3-cElact st esewcat al ase+ExbdasenwSabist r at e
cat abol yzi ng

abi i tyd uapgead©bi AL abi nose+D- Mannose+D- Manni t ol +N- Acet yl - D- gl ucosam ne+Ma
| t ose+15Pot assi um gl uconat e-n-Capric aci d-Adi pic acid-dl -Malic acid-Sodi um

citrate-20Phenyl maretwdenBasedroprbl@cing D-amino acid according to
bact eri ol ogi cal characteri sticsdescri bed above, AJ11199 mi croorgani smnas

e oo B SEERACt SpUEL S ThRh el ISRLAT O eoRpseslL)

10 producing a protein having D-hydantoinase activity by the

method according to the eighth aspect, the cell being the

cell according to the sixth aspect, producing a protein

having D-carbamylase activity by the method according to

the twenty-first aspect, the cell being the cell according

15 to the nineteenth aspect, and producing D-amino acid by

making the protein having D-hydantoinase activity and the

protein having D-carbamylase activity react with a
5-substituted hydantoin.

Other objects and features of this invention will

20 become apparent from the following description with

reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view of the group of the genes

25 encoding the D-hydantoinase and D-carbamylase of strains

14



prepared using chronosomal DNAsoftheAJ11199m cr oor gani sm descri bed above.
The present inventors al so presuned that the downstream base sequence of
the gene is an intended D hydant oi nase gene. Thus, as shown in Fig. 1, the
5 D-carbanyl ase gene and t he D hydant oi nase gene derivedfromthe AJ11199

m cr oorgani smaccording to the invention forns a cluster. Accordingly, we
were successful in obtaining the entire | engths of the D hydantoi nase gene
and D-carbamyl ase ne of the invention. 10 The nethod of a PCR enpl oyed
for isolatind%{%%lggnegngre described for exanple in Wite, T . J. et a

, Trends Genet . Vol . 5 p . 185, 1989. The nethods for preparing a
chrompsomal DNA and ¥®r #séFafi g o%h G Bhded BNRQﬁﬂQﬁﬁHéL#rBﬁPﬁuﬁéﬁé
library using a DNA nol ecul e as a probe are described for 15 exanple in
Mol ecul ar C dhithydanrhdiedsei orendol @-Sprubegyiavdr PEeesding89)to A fbehod
for sequencing a DNA for encoding the isolated D hydantoi nase or

D- car banyl aseineenieseni bed for exanple in A Practical Guide to Ml ecular

Cl oning, John Wley & Sons, 20 Inc . ( 1985 ) . It is also possible to
determ nesa base sequence using a DNA sequencer manufactured by Applied

Bi osystens . In the Sequence Listing attached hereto, the base sequence of
the DNA for erxmmingpt besBrhydardnd nase derived fromthe AJ11199

m croor gani sm characterized by the nethod 25 descri bed above is represented

by Seq. 1D No. 1, Wipd&iihent8 of the present invention are described

below in the order:
(Il DNA for encoding protein having D-hydantoinase
10 activity and protein having D-carbamylase activity,
[II] Method for producing protein having D-hydantoinase
activity and protein having D-carbamylase activity, and
[III] Method for producing D-amino acid.
In the following descriptions, a protein having
15 D-hydantoinase activity is sometimes simply referred to as
aD-hydantoinase. Moreover, aproteinhavingD-carbamylase
activity is sometimes simply referred to as a D-carbanmnylase.
[I] DNA for encoding D-hydantoinase and D-~carbamylase:
DNAs for encoding D~hydantoinase and D-carbamylase
20 according to the invention is obtained by isolating it from
a chromosomal DNA of Flavobacterium sp. strain AJ11199
(FERM-P4229) described in Japanese Patent Application
Publication No. 56-025119. Flavobacterium sp. strain
AJ11199 (FERM-P4229) was a microorganism which had

25 initially been deposited under the name of Alcaligenes

15



DNA for encoding the D-carbamylase is represented by Seq. TD NO. 3. Each of
t hese DNAs encodes a protein involved in the production of a D-am no acid.
5 In the Sequence Listing, Sequence ID No . 2 represents the am no acid
sequence of the protein having D hydantoi nase activity encoded by the base
sequence of Sequence ID No. 1, while Sequence TD NO. 4 represents the am no
aci d sequence of the protein having D carbanyl ase activity encoded by the

10 base sequence_ of Sequence I&>Pb. 3 Tge En%t%%n h vigg t he
D- hydant oi nasaeq‘é‘%lf“?Wflgsr epPes¥AtE8By SERGEACE D RS, BTPRERE Seqd@ite
Li sting and the gr otein h%vi ng the D-car ban%cl ase acti viC;% Irnggr esent ed by
Sequence | D NN T heFRBOSOGYentld LSS g T 15C VAREY y 75 3¢ ancatPAYRS Tar
formng an optically active am no acid such as D-phenyl al ani nefrom a
5- subst i t ut edhyHaR &F WaticH Rz GudRRZ Y| A§daAesitd f il SRoks rhagrdfied
foll ow ng schenme . 19 CH2 CO NH H HN- GO DL-5- SUBSTI TUTED HYDANTO N
D- HYDANTO NASE! GHR GO £ & T 1 umHs RHECONFR & KEGARBAMYLL ADORMING TAGHTD SP - has
~D- CARBAMWLASE CH2~~~ COOH H NH2 D-AM NO ACID A DNA for encoding a
D- hydant obnasecagctepid syt ed aheFERMeRt#8A%wdth DA Rescancbdingtatute
D-car banyl ase are detailed below. S (1) DNA for encodi ng D hydant oi nase
of Bioscience and Human-technology, AIST, MITY, JAPAN, on
September 29, 1977. Later, onMay 30, 2002, the same strain
has been deposited as FERM BP-8063 based on Budapest
convention in the International Patent Organism Depository
10 (IPOD), National Institute of Advanced Industrial Science
and Technology (AIST), Japan (Tsukuba City, Higashi 1-1-1,
Ibaraki Prefecture, Japan).
The microorganism described above was subjected to
physiological andphysical tests inaccordancewithBergey's
15 Manual of Determinative Bacteriology, Vol.l (9th edition,
1994, Williams & Wilkins) which is a text for characterizing
microorganisms, and the following results were obtained.

Results of re-identification of Flavobacterium sp.

strain AJ11199 (FERM-P4229)

20 Gram staining Negative
Cell morphology Baccilus
Mobility None

Nitrate reduction -
Indole production -

25 Glucose acidificaiton -

16



A D-hydant oi nase gene according to the invention which has the base
sequence represented by Sequence ID No. 1 in 20 the Sequence Listing is
one isolated froma chronosomal DNA of Flavobacteriumsp. strain AJ11199 as
descri bed above, and has the honol ogy of 58 0 (46 % in am no acid sequence)
to a known Agrobacterium m croorgani smderived 5 D hydant oi nase gene

(W096/ 20275). The DNA represented by Sequence ID No. 1 in the Sequence

Li sting DNAiA%qulﬁ@edpﬁ L¥rPMA whi ch encodes a D-hydantoi nase according to
the invention n other words, the base sequence differs anong the species
and the straijs, of, 10 Fl avobact erium m croorgani sns. The DNA, according to
the invention is not only a DNA for encodi ng the isol ated E%Fydant0|nase
but also a esul tin froman artificial variation of the, DNA for

encodi ng th%scf) Acﬁ@ﬁ%%ﬁ%gi nase, as a matter of course, 15 as long as
a Dhydant0|2;a eis ehré\ (g An artificial variation nethod enpl oyed
frequently i ERL tP V§l9ar|at|on|ntroduC|ng net hod

descri bedf or exanmpl ei n thhod in Enzynol. P154, 1987. The DNA for encoding a
protei n havi My @aetamtbdaase 20 activity which has a base sequence capabl e
of hybridizing under a stringent condition with a conpl enentary base
sequence of Kﬁ§4ﬁﬁﬁﬁsequence represented by Sequence D No. 1 in the
Sequence Listing is also a DNA according to the invention. The term
"stringent céididdm” enpl oyed +

Substrate catabolyzing ability

Glucose +
10 L-Arabinose +
D-Mannose +
D-Mannitol +
N-Acetyl-D-glucosamine +
Maltose +
15 Potassium gluconate -

n-Capric acid -
Adipic acid -
dl-Malic acid -
Sodium citrate -
20 Phenyl acetate -
Based on the bacteriological characteristics
described above, AJ11199 microorganism was identified as
a Flavobacterium spp.
The present inventors were successful in obtaining

25 a D-carbamylase gene as being isolated from a gene library

17



25 here neans a condition allowing a specific hybrid to be forned 21 but
not allow ng a non-specific hybrid to be fornmed. Wile it is difficult to
speci fy such a condition as definitive nunerical paraneters, those which
may be exenplified are a condition which allows the DNAs which are highly
honol ogous 5 to each other, preferably have a honol ogy of 70 O or higher,
nore preferably a honol ogy of 90 0 or higher to each other while not
al l owi ng any DNAs haying a |.ess honol of an
ormrmuysoutﬁgﬁPQﬁ&g g?&ﬁ?ﬁP%&%ﬂWﬁggﬁgg fﬁ?eRg&%;§%Qﬁgﬁﬁ?5%aafsg'sdt
concentratron corres 10 to 60C, 1 x,SSC, SDS, refera 60C,
001 R S5 | 0 eI AR ooy NS RY R r’ré‘é’@r’a&o[]ﬁ/iaﬂﬁ'o breBga hde vi ty
capableofprodu0|ﬁg}N—carbanyl-D—anlno acid b¥ n drolyzing a 5- substltuted
e

hydant oi n corffBurffPWms BrRAGRoP a8 ke FR HERCHr B SWHiECY i1 ifentrEandes
substantially to the D hydantoi nase encoded by the DNA represented b{
Sequence | D Nohydamteheasequesiee-: Li sERRY, i 5l §§04TDNARacthf di dg t §hehe

i nvention. Thus, the following (a) or (b) are in the scope of the present

i nventionb wr[ercart(tm)ylssa e hod elhe diilrgd ameo andae g el deeguvEatt E X 20

represented by Seq. ID No. 2 in the Sequence Listing, and (b) is a DNA for

encodi ng a pridierd1ndaw ngibrovdardrod sTase aotd g yw ovthehi hasnad canfoemaci d

sequence resulting fromthe substitution, deletion, insertion, addition or

i nversion of HREtSEYermadcardNfgagi, dweesiedieS udtdder@n N0 obtaining
the entire 1lengths of the D-hydantoinase gene and
D-carbamylase gene of the invention.

10 The method of a PCR employed for isolating the genes
are described forexample inWhite, T.J. et al., Trends Genet.
Vol.5, p. 185, 1989. Themethods for preparingachromosomal
DNA and for isolating an intended DNA molecule from a gene
library using a DNA molecule as a probe are described for

15 exampleinMolecularCloning, 2ndedition, ColdSpringHarbor
press (1989).

Amethod for sequencing a DNA for encoding the isolated
D-hydantoinase or D-carbamylase is described for example
inA Practical Guide toMolecular Cloning, JohnWiley & Sons,

20 Inc. (1985). Itisalsopossibletodetermine abase sequence
using a DNA sequencer manufactured by Applied Biosystems.

In the Sequence Listing attached hereto, the base
sequence of the DNA for encoding the D~-hydantoinase derived

from the AJ11199 microorganism characterized by the method

25 described above is represented by Seqg. ID No. 1, while the

18



25 aci d sequence represented by Seq. ID No. 2 in the Sequence 22 Li sting.
For the purpose of deducing, on the basis of the am no acid sequences (a)
and (b) described above, a DNA for encoding such a sequence, a DNA base
sequence uni versal codon can 5 be enployed. The term "several" neans a
nunber which results in no substantial deterioration of the steric
structure or enzymatic activity of the protein, and which is typically 2 to
50, preferghy fod %rﬁ%dﬂ%eupé qjﬁf@?ﬂ)é(mglhgelgs Ibﬁrt%mel& twi@@tlol nase
act|V|ty means any activity capable 10 of pro uci ng N-car banyl’- D-am no
acid by hydlrlg)lbygl ng a 5-substituted hydantoin conpound. Nevertheless, in

t he case a prot e| n i nvol vi ng such a substitution, deletion, i nserti on,
addi tion i nver. n i h 0 acid equence . represent: ed | D No.
2 in the SequencéEsaLlo%t|tnné:th i% eﬁlrceq‘cgrredpt hat an enzyrraet )ci %?ll vity

which is a haIf of that of the protein having the am no acid
sequence réb‘t%(z‘é‘?fféanb9 S8q P9y aZCJrﬂ the Sequence Listi ng i s possessed.
(2) DNA for encodi ng D carbanyl ase 20 The DNA for encoding

D- car baryl ase accdt glhﬁgSFguteﬁé:el htréﬁtlingn ?%qﬂé&‘fﬁ Bgaicbepog\;eparﬁgents

D-car banyl ase of the present invention having the base sequence represented
by Sequence:heamgnoza¢hdisesnirerdet e raig inhpydngiRohydaptaiapssnosonal
DNA of Flavobacteriumsp . Strain AJ11199 and 25 has the honology of 78 0
(79 % in adaiattd eegadadebvt ¢hz3base sequence of Sequence ID No.

1, while Sequence ID NO.4 represents the amino acid sequence
of the protein having D-carbamylase activity encoded by the
10 base sequence of Sequence ID No. 3.

The protein having the D-hydantoinase activity
represented by Sequence ID No. 2 in the Sequence Listing
and the protein having the D-carbamylase activity
represented by Sequence ID No. 4 in the Sequence Listing

15 catalyze the reactions for forming an optically active amino
acid such as D-phenylalanine froma 5-substituted hydantoin

such as 5-benzylhydantoin, as shown in the following scheme.
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a known Agrobacterium m croorgani smderived D carbanyl ase gene (Japanese
Pat ent Publication No. 2902112) and the honol ogy of 67 % (58 %in am no
aci d sequence) to a known Pseudonobnas mi croorgani smderived D carbanyl ase
gene 5 (Japanese Patent Publication No. 2902112). The DNA represented by
Sequence ID No . 3 in the Sequence Listing DNA is not the only DNA which
encodes the D-carbanyl ase according to the invention. Thus, the base
sequence should differ anppg the species and the strains 10 of

Fl avobacterium m croorg. A DNA resulting froman artificial variation
of the DNA for encoding sol ated D-hydantoi nase is al so DNA of the
present invention as |ong®s i"CHenc Za D hydantoi nase. An artificial

vari ati on net hod enpl oyed 15 fre ntIy}Wi a site-specific variation

i ntroduci ng nethod described foH elBspte in Method in Enzynol. P154, |987.
A DNA for encoding a protein having the D-carbanylase activity which has a
base sequence capabl e of %@ﬂsi%szm TER FRPANQIN ngent condition with a
conpl ement ary sequence 20 of the base sequence represented by Sequence |ID
No. 3 in the Sequence Listing is alsp a DNA according to the invention. The
term"stringe G FRRE o enpl oyed here neans a condition allow ng a
specific hybrqaﬂlgﬂﬂﬁiiﬂus&ﬂtnn not |all ow ng a non-specific hybrid to be
formed. While it is 25 difficult to $pecify such a condition as definitive
nunerical 24 paraneters, those whi¢h may be exenplified are a condition
whi ch all ows the DNAs which are highly honol ogous to each other, preferably
have a honol ogy of 80 0 gF Wi gher, re preferably a honology of 90 0 or

hi gher to each ot her whi @ ot allow ng any DNAs having a | ess honol ogy

and a condition of an ordkaa »C§82therncby¢qidization washing step, i.e.,
/s,

H™  "NHCONH,
N-CARBAMYL-D-AMINO ACID

( D-CARBAMYLASE '

: CH2///

<

NH,

Y

COOH

D-AMINO ACID

A DNA for encoding a D-hydantoinase according to the
invention and a DNA for encoding a D-carbamylase are detailed
below.

5 (1) DNA for encoding D-~hydantoinase
A D-hydantoinase gene according to the inventionwhich

has the base sequence represented by Sequence ID No. 1 in
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a hybridization at a salt concentration corresponding to 60C, 1 x SSC, 0.1
o SDS, preferably 60C, 0.1 x SSC, 0.1 SDS. The term "D carbanyl ase
activity" neans any activity 10 capable of producing D-am no acid by
hydrol yzi ng an N-carbanyl-D-am no acid. A DNA for encoding a protein which
is identical substantially to the D carbanyl ase encoded by the DNA

descri bed above is also a DNA according to the invention. 15 Thus, the

fol ow ng, (aknQr sEhheREE 1.0:L08o500Re OF S UL hventho omwﬂersﬁA (a)

is a DNA for enco |ng he am no~aci d sequence represente

he S h
in the equeggegg act qug%% DIV £, 9, EBSQQb@ga% @€§€¥fhe %$|ng from

D- hydant oi nasé has an anlno aci'd 'sequence resu

t he substltut|§ g g hnsert%o g% ipn. or |nver3|o of one {
several ani n8™ cP& r gRolQuYH8 a d°§€b§gﬁgb FEPre ST 9y Seq.
IDNo. 4in the Sequen e Listin g %r t.he purpose of deducin t he
basi S of the Anind 25 KRRy segﬁéﬂ 85PN UG (BLF LABSEAPIRR HFAETSd. DRA

for encodlng such a seguence, base sequence universal codon can be
enpl oyed.® Th@ Péﬂﬁngﬂﬁﬁﬁ%ﬁ"gﬁﬁﬁnéwggﬁd%&% ich results in no substantial
deterioration of the steric structure or 5 enzymatic activity of the
protein, and whi chThée Q%ir@@lrleﬁezlﬁ@ By, SefegReaBPWQ. doiBbhefirquence
preferably 2 to 10. The term"D-carbanyl ase activity" nmeans any activity
capabl e of pLadicingDIR drs mot ddiedomly BYdroh y2zh eg cad ey & dr-hamddn i am se
acid. Nevertheless, in the case of a

according to the invention. In other words, the base

sequence differs among the species and the strains of

10 Flavobacterium microorganisms.

The DNA according to the invention is not only a DNA
for encoding the isolated D-hydantoinase but also a DNA
resulting from an artificial wvariation of the DNA for
encoding the isolated D~-hydantoinase, as amatter of course,

15 as long as a D-hydantoinase is encoded. An artificial
variation method employed frequently is a site-specific
variationintroducingmethoddescribed for example inMethod
in Enzymol. P154, 1987.

The DNA for encoding a protein having D-hydantoinase

20 activity which has a base sequence capable of hybridizing
under a stringent condition with a complementary base
sequence of the base sequence represented by Sequence ID
No. 1 in the Sequence Listing is also a DNA according to

the invention. The term "stringent condition" employed

25 heremeansaconditionallowinga specifichybridtobe formed
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10 proteininvol vingsuch asubstitution, deletion, insertion, addition or
inversion in the am no acid sequence represented by Seq. ID No. 4 in the
Sequence Listing, it is preferred that an enzymatic activity which is at

| east a half of that of the protein having the am no acid sequence
represented 15 by Seq. ID No. 4 in the Sequence Listing is possessed. [II]
Met hod for produci ng D hydant oi nase and D-car banyl ase: A nethod for

produci ng Dby gt 911@%@@19 A5 £ 25 n@@mfIfa%ehwr@dr@&%@fewedDNAwh%%nol ogy
i s discussed 20 below. A |I'arge nunber of the nmethods for producing usefu

protei ns S%Ala%e&n ZYIES £ &Y, é8199' §é‘éhyaa86hé{$t?ﬁﬁséénﬁﬁg%%h 5&2

r econbi nan oglesare nomn a use o e reconbi nant
technol ogy all ows a.usef ul rotel whi ch_occur s nat ur al %8&2 édfﬁ a trace

amount, to 25 pet ‘5?&8888‘“8 &9 ar OSseca"f LChgndy pe exen W chart
of a process for dant i nase andﬁg;carg@_ |.ase according to
the inventi®df® ﬁﬁ fﬁﬁgaéﬂt ﬂN%@%P”F‘ pre g%”ﬂh@%ﬂ? 8H°8%and/ or
D-carbanylase DNA ar e prepared ( Ste Then,_the pregared NDA i s
attached t ot A&t SENBNA Péeﬁﬁéﬁgrlé’ Baﬁ’éc%rﬂﬂ%ﬂgbﬁﬁ (Steprsbyaheznd t hen
a cell is transformed with the reconbinant DNA to give a transformant (Step
S3). Subsedueht IBrefqBrablina fRPMahOIYsO £ ntWbatead NLghEr &ocghCly ethedi um to
al I ow the D-hydantoi nase and/or D-carbanyl ase to be produced and
accunul at edvhhle heotubl bpwimgdiamy Btrep 'Syingnat hessohporlngySess 85, the
enzynme is recovered and purified, whereby acconplishing a | arge scal e
production conditionof anordinary southernhybridizationwashingstep,
i.e., ahybridization at a salt concentration corresponding
10 to 60°C, 1 xSSC, 0.1 % SDS, preferably 60°C, 0.1 x SSC, 0.1 %
SDS. The term "D-hydantoinase activity" means any activity
capable of producing N-carbamyl-D-amino acid by hydrolyzing
a S5-substituted hydantoin compound.
A DNA for encoding a protein which is identical
15 substantially to the D-hydantoinase encoded by the DNA
represented by Sequence ID No. 1 in the Sequence Listing
isalsoaDNAaccording totheinvention. Thus, the following
(a) or (b) are in the scope of the present invention, where:
(a) 1is a DNA for encoding the amino acid seguence
20 represented by Seq. ID No. 2 in the Sequence Listing, and
(b) is a DNA for encoding a protein having D-hydantoinase
activity which has an amino acid sequence resulting from
the substitution, deletion, insertion, addition or

inversion of one or several amino acid residues in the amino

25 acid sequence represented by Seq. ID No. 2 in the Sequence
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15 of the D-hydantoi nase and/or D-carbanyl ase. An ami no acid synthesis

using the enzynme produced in Step S5 and the culture nediumof Step $4 in

whi ch the enzynme in accunul ated enables a | arge scal e production of an

intended amino acid (Step S6). 20 A DNA to be attached to a vector DNA nmay

be any one all owi ng a D hydantoi nase of the present invention and/or
D-carbanyl ase to be expressed. A D hydantoi nase gene enpl oyed here to be
attached to g.iveetog. DNA nay for exanple be those already described 25

above, that

is: 27 (a) is the DNA having the base sequence represented by

Seg. 1D No. 1 in the SequepsepbsstdiGieding, (e cRNARAYENGr 3 RASRIno
sequence hybridizing with a conpl enentary basSe sequence of the base

sequence 5 r
stringent co

ﬁ%’ﬁ%%ﬁﬁg g)*&}éis??? A 8'“3\&@% dbsdy itﬂ(]eﬁ;}] SBEYencepkhsid r.“gnBBﬁ%

or “encodi ng the’am no ‘aci d sequence

B ng ‘the’dm no &t seq
for ancod ng S hM - diPACEeqlehiE RS Croloi0 4 R TReoehbebRel ok,

deletion, _insertion, addition or inversion of one or several am no acid
P MRS BRRY SR o 1D 1

r esi dues

Sequence LisLingG¥A D-car banyl ase gene enpl oyed here to be attached to 15 a
vect or DNA nehy!

i dTSEJUETE e SPEFTESenPBA" By LMGPSF NG BEFH LiSe

SERAAAING I5e- CIRFSF LA TR (s Ehidad 226V 8 EriieduTes o1 o)

is the DNA having the base sequence represented by

10

15

20

25

enzymatic activity of the protein, and which is typically
2 to 50, preferably 2 to 30, more preferably 2 to 10. The
term "D-hydantoinase activity" means any activity capable
of producing N-carbamyl-D-amino acid by hydrolyzing a
S5-substituted hydantoin compound. Nevertheless, in the
case of a protein involving such a substitution, deletion,
insertion, addition or inversion in the amino acid sequence
represented by Seq. ID No. 2 in the Sequence Listing, it
is preferred that an enzymatic activity which is at least
a half of that of the protein having the amino acid sequence
represented by Seq. ID No. 2 in the Sequence Listing 1is
possessed.
(2) DNA for encoding D-carbamylase

The DNA for encoding the D-carbamylase according to
the invention is described below. The D-carbamylase of the
present invention having the base sequence represented by
Sequence ID No. 3 in the Sequence Listing is isolated from
a chromosomal DNA of Flavobacterium sp. Strain AJ11199 and

has the homology of 78 % (79 % in amino acid sequence) to
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Seq. ID No. 3 in the Sequence Listing, (b) is the DNA having a base
sequence hybridizing wwth 20 a conpl enentary base sequence of the base
sequence represented by Seq. ID No. 3 in the Sequence Listing under a
stringent condition, (c) is the DNA for encoding the am no acid sequence
represented by Seq. ID No. 4 in the Sequence Listing, and 25 (d) is the DNA
for encoding an am no acid sequence resulting 28 fromthe substitution,

del etion, inseqtiQp Aﬁqgingicocrérofuﬂ\ %&%ﬁa@fh@ﬁiQﬁed@h%%\ae%alcl\%%igmlaaged

residues in the amno acid sequence represented by Seq. | I'n the

Sequence Li sti&ge ZJkgﬁ%%CQet“QQ?%Hgt %g%anﬁyj[éﬁego@b% 21%&3“2%1?0‘y§§0h 2

D- hydant oi nas® gén i gat ed ase nmay al so . In

such a case, ,D-hydant oi hase pf e, present invention and the D-carbanyl ase
of “the preserioTHUSRY | Bh Bf e ekpPetobl SPhIPt AneduSroLets nds & KHowA
reconmbi nant DNA t&chnology is e Io%gd to produce a protein on a | arge
scal e, a hostFIEFFORGNBE t FHISIN R hal  A5F t&ethpl s PR BALEERI ald I
actinonyces cell, yeast cell, fungal] cell, plant cell, aninmal cell and the
li ke. Since t@Eﬁﬂ%ﬁ%@FegaFSPtpﬁBH%%¥%ﬁtbPBt Pns 287215 4)ar gescal esusi ng

coli form m croorgani snshaveext ensi vel y been reported, such a coliform

m croor gani sm especiaPNy rphesrBRRE ROPRIVes ceénpP dypedd deridralrfueRafet hod

for produci ng D hydantoi nase and/or D-carbanyl ase using a
Listing DNA is not the only DNA which encodes the

D-carbamylase according to the invention. Thus, the base
sequence should differ among the species and the strains

10 of Flavobacterium microorganisms.
A DNA resulting from an artificial variation of the
DNA for encoding the isolated D-hydantoinase is also DNA
of the present invention as 1long as it encodes a
D-hydantoinase. An artificial variation method employed
15 frequently is a site-specific variation introducing method
described for example in Method in Enzymol. P154, 1987.
A DNA for encoding a protein having the D-carbamylase
activity which has a base sequence capable of hybridizing
under a stringent condition with a complementary sequence
20 of the base sequence represented by Sequence ID No. 3 in
the Sequence ListingisalsoaDNAaccording to the invention.
The term "stringent condition" employed here means a
condition allowing a specific hybrid to be formed but not
allowing a non-specific hybrid to be formed. While it is

25 difficulttospecifysuchaconditionasdefinitivenumerical
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transfornmed coliform mcroorganismis discussed below. 20 A pronoter for
expressing a DNA for encoding a D hydant oi nase and/ or D-carbanyl ase may be
a pronoter enployed usually for producing a protein in a coliform

m croorgani sm which may for exanple be a potent pronoter such as a T7
pronoter, trp pronoter, lac pronoter, tac 25 promoter, PL pronoter and the
i ke. 29 Al so for the purpose of increasing the production, it is
preferabl eptag dnicdates 2 iy dd RALidh WalCBel Sxa@mpl 3FSed RYEOR condition

term nati onsequence to the downstream of the protein gene. Such a

term nat or iRY-H QIR B Whidd &fFE 1A § hARGO8ESLE PELOACh

T4term nator, tetracyclin resistant gene termnator, coliformtrpA gene

t er m nat or h j r for Cj e i.n

hydant oi nas?gcril%nrld/ g)rlj Sraarkﬁgch/r}%%ee ?nk%%lﬁgfﬁggt&gg?? ?s&%rrg?ﬁglﬁf%nggeone 10
of a multicao t . such_as a plasmd, having.,a replicatiop initiatin

poi nt der: yépfyffefyoa%%d)lauéffnoﬁ&gﬁfgngbe‘j Oarvk)‘fj%rﬁragpl% éaSH %%Elzw%r%émgd or
a derivative thereof . The term "derivatjve" enployed here is ({i\,glasm'd

Whi ch has BOSnALUBNGEEeanY ONAS BAVOME Forf by NORP ShL anL s o SHE 8k on, 15
insertion, addition _or inversion of bases. The alteration referred here

neans to i Rd @8eCEALIRAEST A0SR SRR AVRRIG 7R RN Rt ngsT hgPa futati ng

agent or W irradiation as well as_a spontaneous nutation. _
a hybridization at a salt concentration corresponding to

o

60°C, 1 x 8sC, 0.1 % SDS, preferably 60°C, 0.1 x SSC, 0.1 %
SDS. The term "D-carbamylase activity" means any activity

10 capable of producing D-amino acid by hydrolyzing an
N-carbamyl-D-amino acid.

A DNA for encoding a protein which is identical
substantially to the D-carbamylase encoded by the DNA
described above is also a DNA according to the invention.

15 Thus, the following (a) or (b) are in the scope of the present
invention, where:
(a) 1s a DNA for encoding the amino acid sequence
represented by Seq. ID No. 4 in the Sequence Listing,
(b) is a DNA for encoding a protein having D-hydantoinase
20 activity which has an amino acid sequence resulting from
the substitution, deletion, insertion, addition or
inversion of one or several amino acid residues in the amino
acid sequence represented by Seq. ID No. 4 in the Sequence
Listing.

25 For the purpose of deducing, on the basis of the amino
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For the purpose of screening for a transformant, the 20 vector having a

mar ker such as an anpicillin resistant gene is enpl oyed preferably, such as
a plasm d avail abl e as an expression vector having a potent pronoter, for
exanple, a pUC (Takara Shuzo Co., Ltd. ) , pPRCK (C onetech) , pKK233-2
(Conetech) and the like. 25 A DNA fragnent in which a pronoter, a gene
encodi ng 30 a hydant oi nase and/ or D-carbanylase and a term nator are

l'i gat e_d in tg@&%ﬁgﬁehﬁetshgf) E\![nglg\ltipdte%c% OyegﬁoPQAaIBN.thfto%i &n odln

r econbi nant econbi nan I's e to fransforma hos

|1 dth I b I '
ot odict on of 1b hy At SR RS e aRif op iér Hihd &%e%géfsﬁbﬁg%la?gn
ffect f t " f f :
Those descr %@3”533 bg”?géﬁ{‘aﬁ ST RSO ra e e on > Cree Sy 10° RhFBor
| 989 abl e duct I di
Grmpl oyed or URBPA SOPSE SPEAIaReog A § 101 oS QAR A SCR e

MD- casam no aci d nmedi um and LB nmedi um may be enpl oyed.  The incubation
condltlon5and“%?ﬁﬂ%ﬁ%ﬁhﬁﬁ?bﬁlFMd%El%@elEﬁ%BﬁHPt|éﬂdaVBl§Elé§t%HPlcallY
appropriately depending on the types of the marker of the vector, pronoter
and host cel |2 &9pP8yerrelfie revdet 4 O ﬁ@nem@éetﬁéeékﬁﬁﬁduiént@f19he gheyne,
it is also preferred to add i sopropyl

term "D-carbamylase activity" means any activity capable

of producing D-amino acid by hydrolyzing an
N-carbamyl-D-amino acid. Nevertheless, in the case of a
10 proteininvolving such a substitution, deletion, insertion,
additionor inversion in the amino acid sequence represented
by Seq. ID No. 4 in the Sequence Listing, it is preferred
that an enzymatic activity which is at least a half of that
of the protein having the amino acid sequence represented
15 by Seq. ID No. 4 in the Sequence Listing is possessed.
[II] Method for producing D-hydantoinase and
D-carbamylase:
A method for producing D~hydantoinase and
D-carbamylase by a recombinant DNA technology is discussed
20 below. A large number of the methods for producing useful
proteins such as enzymes or physiologically active
substancesutilizing recombinant DNA technologies are known,
and a use of the recombinant DNA technology allows a useful
protein, which occurs naturally only in a trace amount, to

25 Dbe produced on a large scale.
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1-t hi 0- ~3- D-gal act opyranoside (PTG to the culture medium 20 or to conduct
an enzyne inducing treatnment such as warmng . After recovering a cultured
cell for exanple by a centrifugation, the cell is crushed or subjected to
|l ysis to recover the hydantoi nase and/ or D-carbanyl ase, which can be used
as a crude enzyne solution. The cell can be crushed 25 by an

ul trasoni cation, French press crushing, glass bead 31 crushing, and the

like, or may be supjgctedstgyLysifl &sidgaph & RN dyYsSOZER p REALEIRGE
treatment, or a conbination thereof. If necessary, the enzynmg may be

20,y Bonstda i Mocodike Weba AafyPree! Pidatdanall| LAt ion.and o
col um chromat ography. I'n such a case, a pu¥| Ication utiTizing an anti body
agai nst the ?H@%ﬁ%i&ﬁ?elf can also be utilized. A D hydantoi nase according

to the invention obtai'ned by a reconbi nant described above is a protein
havi ng 10 D-hydant gi.nase activjty which h an_anjno_aci d sequence_.
represented by (a)ngS%b)%4H%§%§@?%ﬁa?§ ﬁﬁé Qi HB8CabrE & vention
represent ed by §e . IDNa. 2 in the Seggence Li sting, éb) is the amno acid
sequencef}esépgiﬁg A SGREPRNYE2 88 pENA GhCoP L RAEEF onStRRsEMY i'on, addition
or inversion of one or several am no acid residues in the amno acid

sequence represent EBeBy $8¢ PMONRred|¥MDRhés sagtierbedLitst ingeor DNA

D- car banyl ase according to the invention obtained
to prepare a recombinant DNA (Step S2), and then a cell is

transformed with the recombinant DNA to give a transformant
(Step S3). Subsequently, the transformant is incubated in

10 a culture medium to allow the D-hydantoinase and/or
D~carbamylase to be produced and accumulated in the culture
medium (Step S4).

In the following Step S5, the enzyme is recovered and
purified, whereby accomplishing a large scale production

15 of the D-hydantoinase and/or D-carbamylase.

An amino acid synthesis using the enzyme produced in
Step S5 and the culture medium of Step S4 in which the enzyme
in accumulated enables a large scale production of an
intended amino acid (Step S6).

20 A DNA to be attached to a vector DNA may be any one
allowing a D-hydantoinase of the present invention and/or
D-carbamylase to be expressed.

A D-hydantoinase gene employed here to be attached
to a vector DNA may for example be those already described

25 above, that is:
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by a reconbi nant described above is a protein having 20 D carbanyl ase
activity which has an am no acid sequence represented by (c) or (d), where:
(c) is the am no acid sequence represented by Seq. ID No. 4 in the Sequence
Listing, (d) is the am no acid sequence resulting fromthe 25 substitution,
deletion, insertion, addition or inversion 32 of one or several am no
acid residues in the am no acid sequence represented bySeq. ID No. 4 in the

Sequence Listing., The . definiti : r " SEeV e oi.nase
activity" and 'Q%—)c-agr a{sgrlyelT a[Ss:i\&eZ£ akg |:\L/I|q{gyw§ ;e)%ﬁ’lggyseezﬁheg{r% aﬁ?%g%ﬁg%ugg}w th
t hose descrihed i I for .encaqdi ng D- hydant oi nase and D-car banyl ase.
[111] Method ot &%dﬁ%% bna%%ﬁo%gecq%%cﬁe?ﬁgglpgt’ produci ng D-am no acid
enpl oyi ng a hydant ai nase and/ or D:carbapyl ase accordi to,the,10 inyention
PPl Scussed baPOw A HR O (67 VbR BABCP S DS RRS i I EL b GHRE 16 e

i nvention enploys the enzynmes of the present invention as at |east one of
hydant oi nase &an& CH¥HpEMR B3EY theseonbPAEEPER oPTwhEBR nR§SBe DREUBPCEhe
three shown below. That is, 15 (i) D-hydantoi nase ofthe o

present i nfentiemeebbed keSeqi iDD Maadt ennbBe SeauepaRylas&iop uRder
present invention, and (iii) D hydantoi nase of the present invention +
carbanyl ase of steipgesentondvdritdiron. 20 In the case of conbination (i) , a
D- hydant oi nase nay for exanple be a protein having D hydantoi nase activity
whi ch has an anicno agi dheequencéorepresedind hhg admbdno( Bcid whegeehak i s
the am no acid sequence represented by Seq. ID No. 2 in the Sequence
Listing, 25 (dpisséheeanbposagi dipenuengeinesittiaguénos Lhetl3dg, and
substitution, deletion, insertion, addition or inversion of one or several

am no acid resi@yess ithel Mea FINOnAEHE ngEMIBNE B of £PT @ SeiRG ddyrSedithiRgNo. 2
in the Sequence Listing. It is also possible that a DNA for encodi ng such a
10 from the substitution, deletion, insertion, addition or
inversion of one or several amino acid residues in the amino
acid sequence represented by Seq. ID No. 2 in the Sequence
Listing.
A D-carbamylase gene employed here to be attached to
15 avectorDNAmay for examplebe those already describedabove,
that is:
(a) 1s the DNA having the base sequence represented by
Seq. ID No. 3 in the Sequence Listing,
(b) is the DNA having a base sequence hybridizing with
20 a complementary Dbase sequence of the base sequence
represented by Seq. ID No. 3 in the Sequence Listing under
a stringent condition,
(c) 1is the DNA for encoding the amino acid sequence

represented by Seq. ID No. 4 in the Sequence Listing, and

25 (d) is the DNA for encoding an amino acid sequence resulting

28



5 10 15 D-hydantoinase is attached to a vector to forma reconbi nant DNA by
which a cell is then transfornmed and the cell is incubated to yield a

D- hydant oi nase for use. Wien a transformed cell is used to produce a

D hydant oi nase, a substrate may be added directly to the culture nmedi um
during the incubation, or the cell or washed cell recovered fromthe
culture nedium may be enpl oyed. A cell treatnent product obtained by

crushing or beidiy ehb] 86b8E kN S dBYe BEoRMPLAKRE A% ! 48difiod or
D- hydant oi nase may be recovered fromthe cell treatnent product and used as

a crude enzyng, aol 4 00, O6AERY b UL T 66t ROLANG 13€; auTBUBy AN kARt T on

cont ai ni ng D-hydantol nase activity can be enpl oyed. substrate for a

Py aant 01 1 Comind EAPAATe TOEer v RYar Bl 554 2R e MiRsr e e EHelRe iy

of this enzy@%sghose whi ch may be exenplified are a 5-substituted
hydant oi n conpouﬁﬂl%brrespondingto a natural amno acid such as

P o IO i ST R e e 5o 10 i
5- (3, 4-di hydroxybenzyl ) hydantoin, 34 .
a D-hydantoinase gene is ligated to a D-carbamylase may also
be employed. In such a case, D-hydantoinase of the present
invention and the D-carbamylase of the present invention
are expressed simultaneously.

10 When a recombinant DNA technology is employed to
produce a protein on a large scale, a host cell to be
transformedmay for example be abacterial cell, actinomyces
cell, yeast cell, fungal cell, plant cell, animal cell and
the like. Since technologies for producing proteins on

15 large scalesusingcoliformmicroorganisms have extensively
been reported, such a coliform microorganism, especially
Escherichia coli, is employed generally. A method for
producing D-hydantoinase and/or D-carbamylase using a
transformed coliform microorganism is discussed below.

20 A promoter for expressing a DNA for encoding a
D-hydantoinase and/or D-carbamylase may be a promoter
employed usually for producing a protein in a coliform
microorganism, which may for example be a potent promoter
such as a T7 promoter, trp promoter, lac promoter, tac

25 promoter, PL promoter and the like.
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5- et hyl t hi oet hyl hydant oi n, 5-isopropyl hydant oi n, 5-isobutyl hydant oi n,
5-sec- butyl hydant oi n, 5-(4-am nobutyl)hydantoi n, 5-hydroxynethyl hydantoi n
and the like, as well as a 5-substituted hydantoin conpound 5 correspondi ng
to a non-natural amno acid or a derivative thereof, such as

5- phenyl hydant oi n, 5-(4-hydroxyphenyl)hydantoi n, 5-nmethoxynethyl hydant oi n,
5- benzyl oxynet hyl hydant oi n, 5-(3, 4- net hyl enedi oxybenzyl) hydant oi n,

di hydr our aci | an?u the. like. Pﬁggggga@fl %%%brte%sqenioi@é r&?f'oé’i‘ﬁ&@i@n

D-hydant oi nase of the present ntion may be any known ‘enzyne capabl e of
cat al yzi ng it ‘?L%Ctg%f‘é‘}' ¢ LI ft%ct%gx%%m LUyealh vy opo an B £af bay! - D- am no
acid to yield a'D-amno-acrd or "a materi al ~contal hi ng such an "enZyne.
Thus, it be a ca ban%!ase,ac%ing S ecifica{léhon an h#carbﬁgzghD-anino
acid (D-car SR TP A PR Bt ORI § IR RtV EPE A DY T ASAT ferm
"material containping an enzyne" enpl oyed here neans a material containing
the enzynePUcit 20948t ho3BCRoAL APATHG A LU ef P df (AP LEI PRrédTdel |,
cell treatnment product obtained by crushing the cell or subj ecting the
cell to5aIﬁﬁﬁ@%n%FGHef%hE?ﬁ@@ﬁﬁﬁm}%ﬁteFr8U¥Fﬁ?@énéﬁﬂﬁn$¢ A2EYEALBany| ase
is known to be present for exanple in Pseudononas or Agrobacterium
m cr oor ganizsl {Uapangere26epatiaatt 290ZpIA)fols trpA gene terminator

and the like.

Avector for transducing a gene encoding a hydantoinase

and/or D-carbamylase into a host cell is preferably be one

10 of amulticopy type, such as a plasmid having a replication
initiating point derived from Col El, for example, a pUC
plasmid or pBR322 plasmid or a derivative thereof. The term
"derivative" employed here is a plasmid which has been
subjected to an alteration by the substitution, deletion,

15 insertion, addition or inversion of bases. The alteration
referred here means to include an alteration by a mutating
treatment using a mutating agent or UV irradiation as well
as a spontaneous mutation.

For the purpose of screening for a transformant, the

20 vector having a marker such as an ampicillin resistant gene
is employed preferably, such as a plasmid available as an
expression vector having a potent promoter, for example,

a pUC (Takara Shuzo Co., Ltd.), pPROK (Clonetech), pKK233-2

(Clonetech) and the like.

25 A DNA fragment in which a promoter, a gene encoding
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Combi nation(ii) isdiscussed below. A D-carbanylase of the present invention
may for exanple be a protein having D carbanylase activity which has an

am no aci d sequence represented by (a) or (b), where: 5 (a) is the am no
aci d sequence represented by Seq. ID No. 4 in the Sequence Listing, (b) is
the am no acid sequence resulting fromthe substitution, deletion,
insertion, addition or inversion of one or several amno acid residues in

the ami no acid . 10,seguence rep resented Seg. ID No. 4 in_the, Sequence
Listing, 1o i% By ea S ERR R SR Mse i B ot w0 pche Br bl G LB ace
is attached to, a vegtor to.forma recoqgina t, DNQBSy which a cell is then
t ransf or med %ﬁﬂ?h%gcépltpésiHE&&ﬁeﬁft S et P A EF chP bany Pt Ts SNAudS
When a 15 transformed cell is used to produce a D carbanyl ase, a substrate
may be added WratR| ¢ PR GARUrRNAredi um during the incubation, or the
cell or washed cell recovered fromthe culture nedium my be enplo%gd. A
cell treatnent proditd ©btanpedany BNashPngmBlopedn§ostbpastegm @ hesits may
be 20 enployed as it is, or a D-carbanylase nmay be recovered fromthe cel
t r eat ment Spr ozkikl, apddusdbasthecredd enzyhecsbhtieden msuieyime por ithieed be
fore use. Thus, any fraction containing D carbanylase activity can be
enpl oyed. A satbhsteaséeohoramd Dprasdanylase ait cahed nyytiantlod n2fsd neendt/ican nmay
be any N-carbanyl -D am no acid capabl e of being 36
D-carbamylase. As a method for effecting a transformation
and a method for screening for a transformant, those
described in Molecular Cloning, 2nd edition, Cold Spring
10 Harbor press (1989) are applicable.
As a production medium, a culture medium employed
ordinarily for incubating a coliform microorganism such as
a M9-casamino acid medium and LB medium may be employed.
The incubation condition and the production inducing
15 condition are selected appropriately depending on the types
of the marker of the vector, promoter and host cell employed.
In order to increase the production of the enzyme, it is
also preferred to add isopropyl
l-thio-B-D-galactopyranoside (IPTG) to the culture medium
20 or to conduct an enzyme inducing treatment such as warming.
After recovering a cultured cell for example by a
centrifugation, the cell is crushed or subjected to lysis
to recover the hydantoinase and/or D-carbamylase, which can

be used as a crude enzyme solution. The cell can be crushed

25 Dby an ultrasonication, French press crushing, glass bead
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hydrol yzed at the substrate specificity of this enzynme. Thus, an

N- car banyl - D-am no acid other than the N-carbanyl-D am no aci ds obt ai ned
fromthe 5-substituted hydantoin conpounds |isted above can al so be

enpl oyed as 5 a substrate. A hydantoinase to be conbined with a

D car banyl ase of the present invention may be any known enzyne capabl e of
catalyzing a reaction whi ch effects hydrolitycally on a 5-substituted

hydantoin co e c&@ﬂ 150:dY G A LRI, 8 18¢kE Ok 081 JRESM b3l ng
cont ai ni ng such an e zyme é term "mat tai ning an” enzyne'

enpl oyed her co i t C

cont ai ni ng a%Eu %ﬁg%he & % tg%ggQgé EfQ%e redt%gh? %?%%gggﬁogpained

by crushing the cell or ecting t cell to a 15 Si s e _enzy
Solttion o pUETS et erd s cmﬁ?nepﬁss%w hE Rl FRedopina™
presentinvention is D-forn} ecific, a non o tic spe i ¢ _hydant oi nase
or a D hydantitser %&ﬁ%i‘g@%lsfq@hlalsya%% PPt F‘ﬁﬁg’%u%ﬂiﬁﬁéa‘&ﬁr&%?é@
non-optically specific hydantoi nase known 20 to be present for exanple |n
M crobact &ri iR 14 fieFREPBAS OFEARNY -A) 351 2 SEFRp heSRS Pat éntPRphf+ €3t 6R

No. 2001-298619) . A D-hydant oi nase which acts specifically on_a hydantoin in
the D form i S1knbWhiR® de pRESBALYF 8O adREipItde %Dkt e finFap. 8LE&I n
AJ11220 (JapanesePat ent Appli cation Publication 25 No.56-003034).

M crobact eri dra lutguki aedensstrain AJ3912 37 was a m croorgani smwhi ch was
deposited on June 27, 1975 in National Institute of Bioscience and

Human- Technol ogy, M D&ty nafo iFconory,colrdidey amdthediusteptibBTohtanded
recei ved the acceptation nunber FERM P3133 . Later, on June 27, 2001, 5 the
same strain has beered@poshird ake FERM EBR- dhid/dbased onpBuedapest having

convention. Agrobacteriumsp. Strain AJ11220 (FERM P4347) was a
m croor gapi smWy&dn hadnkBet hakhy iR§erhich has an amino acid sequence
represented by (a) or (b), where:
(a) is the amino acid sequence represented by Seq. ID No.
2 in the Sequence Listing,
(b) is the amino acid sequence resulting from the
15 substitution, deletion, insertion, addition or inversion
of one or several amino acid residues in the amino acid
sequence representedby Seq. IDNo. 2 in the Sequence Listing.
A D-carbamylase according to the invention obtained
by a recombinant described above is a protein having
20 D-carbamylase activity which has an amino acid sequence
represented by (c) or (d), where:
(c) is the amino acid sequence represented by Seq. ID No.
4 in the Sequence Listing,

(d) is the amino acid sequence resulting from the

25 substitution, deletion, insertion, addition or inversion
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deposi ted under the name of Pseudonobnas sp. on Decenber 20, 1977 in
National Institute of Bioscience and 10 Human- Technol ogy, M nistry of
Econony, Trade and Industry, METI, but was subsequently re-identified to be
classified in Agrobacteriumsp.. Currently, it is deposited in the

I nternational Patent Organism Depositary of National Institute of Advanced
I ndustri al Science and Technol ogy as 15 Agrobacteriumsp. Strain AJ11220

(Nat i onal p? EE@&!EP?%J;M&&D@ k:@ealdu%%oq% teNO- o fTERM BBy 4645) .

I n Conbi nat| on (| [ ant ol nase o he pr esent invention descri bed

in the sectig t t

i nvention deséhlﬂlbed in b{}%esl%e(s%% |on o (Eg nbi na 1|£lg§1%(5(2]ifl‘l)er{abreeeB%%? rEied
Anong Conbi nati on t he nost_preferred conbi natJ,on IS 14
Conbi nation (iii) T(q‘% th% %Fll(?ﬁlspr ocess ﬁﬁﬁoye& a NEYELRd 'of a
D- hydant oi nase and D-carbanylase may act on a 5- subs tltuted 25, hydant oi n
conpound, or91?¥¢®%Eﬂ%BFﬁ§s@9ﬁ&N¥ Yst & oR~S8r %Eﬁi%ﬁﬂw???&?é&y
hydant oi n conpound which is then subjected to the action

D- car banmy| asP P R HEP PFBCEFRONY ST stiridy Fpse h%eﬁGFE)B%‘ éf tAd
sinplification of the reaction process. 5 Wen producing D-amno acid by a
met hod enpl BNhgf anyereoddapi Rativsrigirasei pnf deseridssty kbdve, it is
possi ble to produce an N-carbanylam no acid or amno acid in the L form

For exanpl e, [EIXhyeanhoidnise oftadhe ipresenimineeatiion is enpl oyed to

produce an N-carbanyl-D-am no acid 10 from a DL-5-substituted hydantoin,

and then the remaimi mgthol- stibst iptruwided: hhyglabt-amincs sepdr atred éyomyt lae
hydantoinase and/or D-carbamylase according to the

10 invention is discussed below.

A method for producing D-amino acid according to the
invention employs the enzymes of the present invention as
at leastoneof hydantoinase and carbamylase, the combination
of which may be one of the three shown below. That 1is,

15 (1) D~hydantoinase of the present invention + carbanylase,

(ii) Hydantoinase + carbamylase of the present invention,
and

(iii) D-~hydantoinase of the present invention +
carbamylase of the present invention.

20 In the case of combination (i), a D-hydantoinase may
forexamplebe aproteinhavingD-hydantoinaseactivitywhich
has an amino acid sequence represented by {a) or (b), where:

(a) is the amino acid sequence represented by Seq. ID No.

2 in the Sequence Listing,

25 (b) is the amino acid sequence resulting from the
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N-car banyl -D-amino acid to recover the L-5-substituted hydantoin, which is
then hydrolyzed to yield an N-carbanyl-L-am no acid, which is further

hydrol yzed to 15 yield an L-am no acid. Althoughsuch a hydrolyzingreaction
may enpl oy a hydrol yzing enzyne acting on an L form a chem cal hydrolyzing
treatnment for exanple with nitrous acid also enables the production of an
L-amno acid at a high yield with preserving the optical activity. 20 Wen

convers) 20 uble b gubst ied ol compunll s Drarian.gah (he

D-ami no acid can be prodyc at a no ( _ romthe
DL- 5-subst i {4t g, hydantol.n. qonpound By, qeans ;af, A C"H""%@%‘t afin f a.tcrl%t
spont aneous” T acem zation 0r chem'cal "racemzation of a -Substituted
hydant oi n conpound, or the racem zatio 3? e i.ng a hydant oi.n
racenase. I%er%?%?é\fﬁrpd:s?s?rft?ggl r%?%r 38 902&£L§Xﬁfg§‘}ﬁrb¥%i‘?§géf?§§e in
addition to a D hydant oi pase and,D—car?gg¥lase. Such a hydant oi n racemase
is preferably thdhydfambPfA BOPSdEtEse i N rb?f MRFOBAREesNEh 2
| i quefaciens strain AJ3912 (FERM P3133) described in Japanese Patent
Appl i caPi orP200danpt8¥395e kS Afr A eAde 2 ¥ StRE £6 BRTH chACBBLpRGEtced
theoretically at 1000 nolar yield froma DL-5-substituted hydantoin
conpound silie Ry hydaahoian cE0L ¥ acenbBencsmeaisfednad apd otlee ncailtt dise
catal yzes the racem zation of the 5-substituted hydantoi n conpound as shown
in the fol lioviwgaselietm el dC AHDR QA dika SHBITTUIED . HYDANTO N
transformed cell is used to produce a D-hydantoinase, a
substrate may be added directly to the culture medium during
10 the incubation, or the cell or washed cell recovered from
theculturemediummaybe employed. Acell treatment product
obtained by crushing or being subjected to lysis may be
employed as it is, or a D~hydantoinase may be recovered fron
thecell treatment product andusedas acrude enzyme solution
15 ormaybepurifiedbeforeuse. Thus, anyfractioncontaining
D-hydantoinase activity can be employed.

A substrate for a D-hydantoinase according to the
invention may be any 5-substituted hydantoin compound
capable of being hydrolyzed at the substrate specificity

20 of this enzyme. Those which may be exemplified are a
5-substituted hydantoin compound corresponding toanatural
amino acid such as  hydantoin, 5-methylhydantoin,
5-benzylhydantoin, 5-(4-hydroxybenzyl)hydantoin,
5-indolylmethylhydantoin,

25 5-(3,4-dihydroxybenzyl)hydantoin,
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HYDANTO N RACEMASE R~~C NH H HN- CO D- 5- SUBSTI TUTED HYDANTO N

D- HYDANTO NASE R COOH H NHCONH2 N- CARBAMYL- D- AM NO ACI D D- CARBAMYLASE R~
~COOH H NH2 D- AM NO ACI D 40 It is also possible to produce an

N- car banyl am no- acid using the protein m xture descri bed above. For
exanpl e, the N-carbamyl am no acid can be produced by interrupting 5 the
hydrol ysis reaction at the stage of the N-carbanylam no acid by adding, for

exanpl e, a D-gatrhamrhase dmhiydLitdont he prot edni ghytype1desanitkag above.
When an ami no acid producing reaction I1s allowed to proceed using a culture

medi um of a5 CebbilegaRieiiRG Ay, a 10 recorbi nant_ QN4 obtghRgdht igating a

DNA for encoding a hydant ol nase of the present invention and/or

D car bany! ase WLLI: A SN JoshaLed 8l dioshiad oot LnyAehlol heatppnt

product, crude enzyme so i or purffie n obtain rom

the cell trgatnent praoduct 5_then.a_react.ion mxture containing th

5-substitut€§eﬂgé%ﬁfoﬁﬁ co :%u%% na Fﬁgééﬁﬁéﬁégré%?%%ﬁgfgoﬁ%ﬂ§$%ﬁaI,

washed gell cell treatnment product, cr%gg enzyne sol| ution or .purified
as

enzyne Sol utPbheFEOREIT %R ARPrERS Aetilt €Tof I8TEYBICT %t pH 5

to 9 while allowing to _
thereof; such 5-phenylhydantoin,
5-(4-hydroxyphenyl)hydantoin, 5-methoxymethylhydantoin,
5-benzyloxymethylhydantoin,
5-(3,4-methylenedioxybenzyl) hydantoin, dihydrouracil and
10 the like.

A carbamylase to be combined with a D-hydantoinase
of the present invention may be any known enzyme capable
of catalyzing a reaction which effects hydrolitycally on
an N-carbamyl-D-amino acid to yield a D-amino acid or a

15 material containing such an enzyme. Thus, it may be a
carbamylase acting specifically on an N-carbamyl-D-amino
acid (D~carbamylase) or a non-optically selective
carbamylase. The term "material containing an enzyme"
employed here means a material containing the enzyme, such

20 as those containing a culture medium, cultured cell, cell
treatment product obtainedbycrushingthecellor subjecting
thecell toalysis, crudeenzyme solutionorpurifiedenzyme.

A D-carbamylase 1s known to be present for example
in Pseudomonas or Agrobacterium microorganisms (Japanese

25 Patent 2902112).
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20 stand or stir for 8 hours to 5 days. Wen an am no acid producing
reaction is allowed to proceed while incubating a cell transforned by a
reconbi nant DNA obtai ned by ligating a DNA for encodi ng a D hydant oi nase of
the present invention and/or D-carbanylase with a vector 25 in an aqueous
medi um an aqueous nedi um containing a 41 5-substituted hydantoin
conpound together with nutrient conponents essential for the growth of the

transforned cell arbo sourc S, _nitrqgen sources, ic ions
b The ke T enith = ETha tub te %?ua?a% W acd B-f Brﬂ&é{?ase
conmponents su s vitam. ns and anm no a may frequently lead to

ot Sf act or P T &Lih PreP PR LaTBa G0 Bl ol Th AP e 8. S RIS Tt B4 Hdant of n
conmpound in portions . Tt is preferred . to conduct the incubation in an

aer obi ¢ cond?TFRRPARYPASE 136 10- Gkt ¥unWhppRopAitatedy dtRer afife SEAUSMCSS to
40C for 8 hours to 5 days. The D-amno acid in a culture nmediuma reaction

m xture can reprebgnbedgbant ()i edr bbb, kWbesierret hod. Thus, for conveni ence,
a thin | ayer chromatography using for exanple a HPTLC CH R manuf actured by
Merck ca® be utd)l iizetdheaatindbatdd mbgaencagrapfasehéedchbgh®egand yWa.ca
accuracy, a high pressure liquid chromatography (HPLC) enploying an optical
resol uti on cdl immtbech eas em deH IRAM PiAkKg WH nmanuf act ured by DAl CEL CHEM CAL
| NDUSTRI ES, LTD. can be enployed. A D-anmno acid accunulated in a culture
medi um or (b) is the amino acid sequence resulting from the
substitution, deletion, insertion, addition or inversion
of one or several amino acid residues in the amino acid
10 sequence representedbySeq. IDNo. 4 in the Sequence Listing.
It is also possible that a DNA for encoding such a
D-carbamylase is attached to a vector to form a recombinant
DNA by which a cell is then transformed and the cell is
incubated to yield a D-carbamylase for use. When a
15 transformed cell is used to produce a D-carbamylase, a
substrate may be added directly £o the culture medium during
the incubation, or the cell or washed cell recovered from
the culturemediummaybe employed. Acell treatment product
obtained by crushing or being subjected to lysis may be
20 employed as it is, or a D-carbamylase may be recovered from
the cell treatment product andused as acrudeenzyme solution
ormay bepurifiedbeforeuse. Thus, any fractioncontaining
D~carbamylase activity can be employed.

A substrate for a D-carbamylase according to the

25 inventionmaybe anyN-carbamyl-D-aminoacidcapable ofbeing
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20 reaction m xture can be collected fromthe culture nmediumor reaction

m xture by a standard nethod. For exanple, procedures such as filtration,
centrifugation, concentration under vacuum ion exchange or adso-rption
chromat ography, crystallization and the like, may be 25 enpl oyed if
necessary in conbination with each other. 42 Especially after converting
froma 5-substituted hydantoin conpound at a high concentration, the
D-amino acid_can readily be jsolated as a crystal by coaqling the culture
medi um or 1 eBIATGH ¥ASA (76 SR AUPSSEITRS tHRSBH LELFHe Ogr ddbit SHOBRET on | s
further described in the foll ow ng exanples, which are not intended to
restrict theThWfentidh. THERRMRY T BatrdR and2Eheoptd T purfey askhy

of a5-substi tuted hydantoi n conpound, N-car banyl am noaci d and am no acid in
an exanpl e aPNe casRitt letP ta1hp o HPE Ed$0obirgiayachd o ftS cals ylaslol it Fod

col um, CHI RALPAK WH, manufactured by DAI CEL CHEM CAL | NDUSTRIES, LTD.. The
anal ytical coydianitein saezeridedl bekew. aboviemearCHi1RAL PaK anp Do ¥ed cas ~ x
25 cm (DAl CEL CHEM CAL TNDUSTRI ES, LTD.) 15 Mbile phase: 5 0 (v/v)

Met hanol , 5 1nisl GusGA otein tenperature: 50C Flow rate: 1.5 m/mn
Detection: WZ o 20 Exanple 1: Isolation of D hydantoi nase gene and

D- car banyl ase geneaf hg@@aAXblitRos ¢n €6 ooe gadnbimed Geldh pr epayadbamylase

Fl avobacterium sp. strain AJ11199 was incubated in a CM2G agar medi um (

glucose 0 . %f0tneeqste Xt ativdntiOnYmaRepond y2rnbuh YnNakd &haPleAgar
2 0, pH7.0) at 30C for 24 hours,
of catalyzing a reaction which effects hydrolitycally on
a 5-substituted hydantoin compound to yield an
10 N-carbamylaminoacidoramaterial containingsuchanenzyme.
The term "material containing an enzyme" employed here means
a material containing the enzyme, such as those containing
a culture medium, cultured cell, cell treatment product
obtained by crushing the cell or subjecting the cell to a
15 lysis, crude enzyme solution or purified enzyme.
Nevertheless, since aD~carbamylase of the present invention
is D-form-specific, a non-optically specific hydantoinase
or a D-hydantoinase acting specifically on a D form should
be employed. A non-optically specific hydantoinase known
20 to be present for example in Microbacterium liquefaciens
strain AJ3912 (Japanese Patent ApplicationNo. 2001-298619).
A D-hydantoinase which acts specifically on a hydantoin in
the D formis known to be present for example in Agrobacterium

sp. StrainAJ11220 (Japanese Patent Application Publication

25 No. 56-003034). Microbacteriumliquefaciens strainad3912
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43  whereby being refreshed. One "spatul aful” of the culture medi um was

i noculated to a 500 nL Sakaguchi flask containing 50 mM of a CMG |iquid
medi um whi ch was then incubated aerobically with shaking at 30C for 16
hours. 5 2. Collection of chronpbsomal DNA fromcell 50 m of the culture
medi um was centrifuged (12,000 x G 4C, 15 mnutes) and the cell was

coll ected. The cell was then washed by suspending in 10 mM of 50:20 TE (50

T oL AR ety T e R sy g syt
o150y SN 9106 0, 610 4 SR SO el gy aagogand

m xture was i ncuﬁat e&l | ncu atron,

vol ume of 10:1 TE-saturated pheno s ad renD ei ns th
Copart ot et S Coh e B ey Wﬁ@ %?%3&% (S0 YGas RRYFalRintd o

DNA for recovery. The precipitated dissolved in 0,1 m_ of 38 20 TE
to which 5 ~tfeofC@epﬁeFﬁﬁom%earFoﬂw@3%?310 YRERE BrofBRRdse FEOer e

added, and the m xture was reacted at 55C for 20 20 minutes. After the
react i on, Spr e FANRrEt FakBvRds UBERE 68PARIiAR T HRRM Bi- 86 drheegd
phenol. To the separated water |ayer, one volune of 24:1 chloroformisoanyl
al cohol was adddgdapestt EonHen i en wash et PpAcieaAdM RBA fheahatddllagér was
recovered. This procedure was repeated twi ce and 25 then the resultant
wat er | ayer WaERMpp 2hBNtweds w i @r@dkganism which had initially been

deposited under the name of Pseudomonas sp. on December 20,
1977 in National Institute of Bioscience and
10 Human-Technology, Ministry of Economy, Trade and Industry,
METI, but was subsequently re-identified to be classified
in Agrobacterium sp.. Currently, it is deposited in the
International Patent Organism Depositary of National
Institute of Advanced Industrial Science and Technology as
15 Agrobacterium sp. Strain AJ11220 (National deposit No.
FERM-P4347, International deposit No. FERM BP-7645).
In Combination (iii), a D-hydantoinase of the present
invention described in the section of Combination (i) and
a D-carbamylase of the present invention described in the
20 section of Combination (ii) are combined. Among
Combination (I) to (iii), the most preferred combination
is Combination (iii).
In the reaction process employed here, a mixture of
aD-hydantoinase andD~-carbamylasemayactona5-~substituted

25 hydantoin compound, or a D-hydantoinase may first act on
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44 sodi um acetate solution (pH5 . 2 ) at the final concentration of 0.4
M and two vol unes of ethanol was then added. The precipitated DNA was
recovered, washed with 70 % ethanol, dried, and then dissolved in 1 m of
10:1 TE. 5 3. Isolation of D carbanylase fromgene |library 200 ~g of the
chronosomal DNA of Fl avobacteriumsp. strain AJ11199 was suppl enmented with
| U of a restriction enzyne Sau3Al, and the m xture was reacted at 37C for

15 mnutes tq %f—fs‘%ﬁis@Mé&@iycﬁéﬂ@éih%mﬂ@@ﬂd 1 08 tihy %h@l}{As&QJ%ctt@dB kbp
fragments were recovered by an agarose el ectrophoresis. The fragnents were

ligated wth t%"‘”é‘l‘{%dé&‘é‘%hoprro%‘i a%@imﬁ;ﬁl&éésmﬂé’%ﬁeil’hﬁ%@éss is

transform ng an Esherichia coli strain J to prepare a gene library. The

'oi bLZLZtW"é‘it R e e i R

7.0) , and then. a colony was inoculated in a |liquid nmedium cont ai ni ng as
the onIy nltrodgﬁ%%% grﬂpégrbanyl-D-phenylalanlne (glucose0.2 0,
N—carbanyI-D-phenyI | anine 0 .. 2 % NaZHP04 .0 KHz P04 3 %
NaCl 0.05°0, MyS04 ‘@‘?}1?% Uc%’cﬁ‘% I%ainw %PMW}"FW P 4 R ﬁélY
0.0001 % pH 7. 8 to effect an enrichnment culture and then a strain capable
of growi ng with TFAP L B-ph&ry (Al ani dRsas1PRE PPYenitt dgeROs8HPAE was
sel ected. A transformant thus obtained was isolated and 25 subjected to an
i ncubat i on orFarP 1Blwedi ¥ ¥one abamEgarg no &eicciad @migeacid in the L
i sopropyl -1-thio-(3-D gal actopyranoside (I1PTG , followed by centrifugation
and cell col Ifeztion, B&od tdrweamphe, cel | Dvdsy daltlediagse % o tdhe). prRisent
phosphat e buffer solution containing 0.5 o N-carbanyl - D- phenyl al ani ne and
invention is employed to produce an N-carbamyl-D-amino acid

10 from a DL-5-substituted hydantoin, and then the remaining
L-5-substituted hydantoin is separated from the
N-carbamyl-D-amino acid to recover the L-5-substituted
hydantoin, which is then hydrolyzed to yield an
N-carbamyl~L-amino acid, which is further hydrolyzed to

15 vyieldanL-aminoacid. Althoughsuchahydrolyzingreaction
may employahydrolyzingenzyme actingonanL form, achemical
hydrolyzing treatment for example with nitrous acid also
enables the production of an L-amino acid at a high yield
with preserving the optical activity.

20 When convertingaDL-5-substitutedhydantoin compound
into a D~amino acid, the D-amino acid can be produced at
a molar yield of 50 % or higher from the DL-5-substituted
hydantoin compound by means of a combination of the
spontaneous racemization or chemical racemization of a

25 5S5-substituted hydantoin compound, or the racemization
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5 allowed to react at 37C for 5 hours . The reaction m xture was anal yzed
and D phenyl al ani ne was reveal ed to be produced, whereby assuring that this
transformant contained the plasm d containing the intended gene. Fromthis
transformant, a plasm d DNA was prepared and designated as 10 pUC632-1. 4.
Base sequence of inserted fragnment The base sequence of an inserted
fragnment of the plasm d pUC632-1 was determ ned by a di deoxy nethod. The
base sequence of an inserted fragnent of the plasm d puUC632-1 15 is
represent ed YIPRYHLUBACE PYIRG LB R FRR@M&8Fuence Listing. As a result, the
| ength of the inserted fragnent was 4.1 kbp and the open reading franme of
about 0.9 kb (ORF,IBaRENQB. W30St 01£2AF) PHA G IS EendfderelYdanheia

D- car banyl ase gene was proven to be contained. This ORF was designated 20
as ORFl. Dovwnstemagroin @RALtidrete avls ha aorP igia s emd quakbamsg%‘»el\lo.
1287 to 2336), downstream of which an ORF of about 1.5 kb (Base No. 2341 to
3798) was i demchf icechydhesel ORFs: venas eedisgrat efe asbORFX tendh@RBEB toin
respectively (Fig. 1) . 25 5. Honol ogy between each open reading frane and
known 465 sestienaecEdehiGRE fflrwsn dlitcaiabed: versi whal Agtefazednkos tirlkd n

honol ogy to known sequences, and ORF1l exhibited the honol ogy of 78 % (79 %
in am no acigysegpencerkie- B3kBWN A OPACHEHI UMn  Japanese Patent

Application 2001-278739. 1In such a case, a D-amino acid
can be produced theoretically at 100% molar yield from a
DL-5-substituted hydantoin compound since a hydantoin
10 racemase contained in a protein mixture catalyzes the
racemization of the 5-substituted hydantoin compound as

shown in the following scheme.

HYDANTOIN co
H co RACEMASE R, -
% \ 4 N

NH < - 47
RY SN—ch HN—CO
L-5-SUBSTITUTED D-SASYLE?L\SNT%% =D

HYDANTOIN

( D-HYDANTOINASE .

R, COOH
v
H™ "NHCONH,
N-CARBAMYL-D-AMINO
ACID
(_D-CARBAMYLASE )
R, COOH
ol
H™ °NH,
D-AMINO ACID
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5 m croorgani smderived D carbanyl ase gene and the honol ogy of 67 % (58 %
in amno acid sequence) to Pseudononas m croorgani smderived D carbanyl ase
gene. ORF3 exhibited the honol ogy of 58 % ( 46 % in am no acid sequence )
to a known Agrobacterium m croorgani smderived D hydant oi nase gene. 10 On
t he other hand, ORF 2 exhibited no honol ogy to known sequences. Based on
the results, ORF1l was assuned to be a D carbanyl ase gene and ORF3 to be a
D- hydant oi nase gene . The base sequence of the entire length of the
D-hydant oi nase gene is represented by Sequence ID No. 1 in the Sequence 15

Listing, while the cqrrespondi n am no aC| sequence IS represented b
Sequence ID No. 2} ltsh%fg‘é ?&qﬂﬁo e Pade C?é%i?é‘i“ﬁgjea%*n?ﬁé: tire
| ength of the D carbanyl ase gene is represented by Sequence ID No. 3 in the
Sequence Li s#$HBY WAFI BTORE 1doMiespbirli 43S @Rt RBdaePe vsequEREe S¥amed € /
represented by Sequence ID No. 4 in the Sequence Listing. Exanple 2:
Expressi on othetNafarpndnyisqider iaddl T4y dantpr pdseedehs andebre@tBarty| ase
gene in E.coli 1. Construction of expression plasmd 25 In order to express
t he bot h 5genelse ihydx ¢by $ i s plessnt ten 4t thpUCE32E ahdheUT682Ebirmnkindna he
both genes were ligated to the downstream of the |ac pronoter of pUC 8 were
construct ed asifiaby caddikgy sforaegampires oaab-BllAbain yHlasweo handtidril tiom Sy
strain AJ11199 was enpl oyed as a tenplate 5 to anplify each gene by a PCR
usi ng the ol tgengebeetindes -shove desdabbedladsveri mers. Each of these

fragments was

When an amino acid producing reaction is allowed to
proceed using a culture medium of a cell transformed by a
10 recombinant DNA obtained by ligating a DNA for encoding a
D-hydantoinase of the present invention and/or
D-carbamylase with a vector, isolated cell, washed cell,
cell treatment product, crude enzyme solution or purified
enzyme solution obtained from the cell treatment product,
15 then a reaction mixture containing the 5-substituted
hydantoin compound and the culture medium, isolated cell,
washed cell, cell treatment product, crude enzyme solution
or purified enzyme solution is kept at an appropriated
temperature of 25 to 60°C at pH 5 to 9 while allowing to

20 stand or stir for 8 hours to 5 days.
When an amino acid producing reaction is allowed to
proceed while incubating a cell transformed by a recombinant
DNA obtained by ligating a DNA for encoding a D-hydantoinase

of the present invention and/or D-carbamylase with a vector

25 1in an aqueous medium, an aqueous medium containing a
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di gested with Xbal/H ndl TI and EcoRI/Xbal and |igated to the Xbal/Hi ndl |
and EcoRI/ Xbal digestion product of puUCd 8, and then transduced into E. col
JMLO9. The anpicillin 10 resistantstrai nswerescreenedforstrains
havi ngi nt ended pl asm ds, which were designated as expression plasm ds
pUC632H and pUC632C. Table 1: 15 Priners enployed for anplifying
D- hydant oi nase gene and D-carbanyl ase gene derived fromstrain AJ11199 Hyda
nt oi na., a5 ' -a nd AGATAGCCGGAGCTGATACC, ATGA Sequence | D
oXbal | 1 ni ¢ PTG o - BROCAEAABCFPRR ST CAEBEEEP Fr A IS BREER F D
No. 7Hi ndl Il Term nati on codonCar banyl ase5' - endCGCGAATTCTATCTCGGCGGTTGAGGCTC
Sequence | DCREPOEESH BeSerddEErcREAF BB EElcEre A 3R faEREE DL
No. 9Xbal Term nation codon 2. Preparation of cell-free extract Each of an E
coli tran§ufdr REntCaRAThE PUCEBSH RHETAASAG SOUECES i T3 Frah®R Ravi ng
pUC632C was seed-cultured for 16 hours at 37C in an LB nedi um cont ai ni ng
0.1 ng/ M aApidciting diike s dmphpyedeedThal Bdeé timn fdedr 331 bC 5002 @
Sakaguchi flas k containing 50 mof an LB nedium to which 5 1 m of the
seed cul% ur autas eaddethmpoenhe fsixhupes was amdjrey -and tamigto aac BIE. may5
hours after initiating the incubation, |IPTG was added at the final
concentrati dreefuehti asddt heo i Acweatiofamasrgontdsuiad. f ulthers faksd4 hours
After conpleting the incubation, the cells were 10 coll ected, washed, and

suspended i posb1f B HHHKBRe(BH Rib N i tnde &r Hyhad tusSitngGhgashieat ar for

3 mnutes (30 seconds x 6 cycle, at 90 seconds interval) together with 0.1

mm ~ gl ass Beads.onde A ulsl gRWRT HREQVeEBAdueaNthief Ugedbakion in an
aerobic condition at pH 5 to 9 at an appropriated temperature

10 of 25 to 40°C for 8 hours to 5 days.

The D-amino acid in a culture mediuma reactionmixture
can rapidly be quantified by a known method. Thus, for
convenience, a thin layer chromatography using for example
a HPTLC CHIR manufactured by Merck can be utilized, and,

15 for obtaining a further higher analytical accuracy, a high
pressure liquid chromatography (HPLC) employing an optical
resolution column such as a CHIRALPAK WH manufactured by
DAICEL CHEMICAL INDUSTRIES, LTD. can be employed.

A D-amino acid accumulated in a culture medium or

20 reaction mixture can be collected from the culture medium
or reaction mixture by a standard method. For example,
procedures such as filtration, centrifugation,
concentration under vacuum, ion exchange or adsorption
chromatography, crystallization and the like, may be

25 employed if necessary in combination with each other.
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20,000 G for 10 m nutes, and the supernatant was obtained 15 as a cell-free
extract. 3. D-Hydantoi nase and D-carbanyl ase activity assay The assay of

t he D-hydantoi nase activity was conducted by incubating a reaction m xture
containing 120 ng/dl D 5-benzyl hydantoin (BH) , 50 mM KPB (pH 8.0) and an
enzyme 20 solution at 37C for 30 mnutes, adding 9 volunes of 1.1 mM CuS04,
11 . 1 nmM H3P04, centrifuging at 20, 000 G for 10 mnutes to renove the

pellet, and t i.fyi t arb l.ph I i -
(N ar phey B PRLER o ERPE S TREt Lyl v RaE sl BB on
enzymatic activity 25 capable, of producing 1 ~nol of ., .
N-carbanylphéﬁ??%%%ﬁgné%pé? Q§g£ EQ%Qﬁﬂﬁfﬁﬁﬁﬁﬁ'tﬁgec&h&WFﬂHh 46858 958
above. The assay of the D-carbanyl ase activjty was conducted by incuybating
a reaction nis@elEOR BT AL AGCEF THLNY T aPBGRA LR DRERYTH EHE B A5G TV
KPB (pH 7 . 5) and an enzyne 5 solution at 37C for 30 m nutes, adding 9
vol unes of 1.4r nMERSbiony mixtunanerdiadgeatirgudiig Pit- 20, 00Q G for 10
mnutes to renove the pellet, and then quantifying the resultant
N- phenyl aPani ne (D) Pb§SERECINGRNLIOR bF EHE yre setivedylpadhe
defined as an enzymatic activity capable of 10 producing 1 ~.nol of
N- phenyl al ani fel pewidgnéxamplesdevhihb avadiet omtdested bed ratsdve.ctThde
results are shown in Table 2. Since the strain transforned by pUC632H
exhi bi ted D hydeetbioase Ahtiqudrytification and the optical purity assay
of a 5-substituted hydantoin compound, N-carbamylamino acid
and amino acid in an example are conducted using HPLC
10 employing an optical resolution column, CHIRALPAK WH,
manufactured by DAICEL CHEMICAL INDUSTRIES, LTD.. The
analytical condition is described below.
Column, CHIRALPAK WH 0.46 cm ¢ x 25 cm (DAICEL CHEMICAL
INDUSTRIES, LTD.)
15 Mobile phase: 5 % (v/v) Methanol, 1mM CuSO4
Column temperature: 50°C

Flow rate: 1.5 ml/min

Detection: UVjig

20 Example 1: Isolation of D-hydantoinase gene and
D-carbamylase gene from AJ11199 microorganism
1. Cell preparation
Flavobacterium sp. strain AJ11199 was incubated in

aCM2Gagarmedium (glucose 0.5%, yeast extract1.0%, peptone

25 1.0 %, NaCl 0.5 %, Agar 2 %, pH 7.0) at 30°C for 24 hours,
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and the strain transforned by pUC632C exhi bited 15 D carbanyl ase activity,
it was proven that the both genes were a D hydant oi nase gene and

D car banyl ase gene derived from Fl avobacteriumsp. Strain AJ11199 and were
expressed in the cell of E coli. 20 Table 2: Enzymatic activity of
cell-free extract of E.coli having pUC632H and pUC632C Pl asm d | PTG

D- Hydant oi nase D- Car banyl ase suppl enent activity activity (Ung) (U ng

EgCGZ?HN;tOgéahg$ %985 i£§g@3§9g9§0§°de g%fgég%g etecteéN%Eﬁgghgg%?b o :f
No e3d: P

W;sheﬁt ol | s %?3%@@53%%%};%#%%8%@;%&% L AR SP R Ry o
Ex 2 )

Cont o i g1 5 TR DpE Do R Ao BB iR St By CnAtiahg 24

hour saftert hereacti onfol | oned by centrlfugatlonfollomed by anal ysis of the
supernatam:tgerﬁmcnatﬂphsn$MMShﬁkmﬂQOabr6§u§eﬂ0maé6qbaﬁﬂﬁf|ed The
results are shown in Table 3. As evident fromthis table, by using the
washed E.éoli2ce¢®él€ﬂtﬁth@ﬁﬂﬂhﬁ@M@ﬁem@biﬁHéefg@m3Qﬂki[>carbanylase gene
wer e expressed, D-phenyl al ani ne was produced efficiently from 15

benzyl hydantoi ne. 50 ml of the culture medium was centrifuged (12,000

x G, 4°C, 15 minutes) and the cell was collected. The cell
was then washed by suspending in 10 ml of 50:20 TE (50 mM
Tris-HC1, (pH8.0), 20 mM EDTA) and recovered by
10 centrifugation, and then re-suspended in 10 ml of 50:20 TE.
To this suspension, 0.5 ml of a 20 mg/ml lysozyme solution
and 1 ml of a 10 % SDS solution were added, and the mixture
was incubated at 55°C for 20 minutes. After the incubation,
one volume of 10:1 TE-saturated phenol was added to remove
15 proteins. To the separated water layer, one volume of
2-propanol was added to precipitate a DNA for recovery. The
precipitated DNA was dissolved in 0.1 ml of 50:20 TE, to
which 5 pul of 10 mg/ml RNase and 5 pul of 10 mg/ml Proteinase

K were added, and the mixture was reacted at 55°C for 20

20 minutes. After the reaction, proteins were removed using
one volume of 10:1 TE-saturated phenol. To the separated
water layer, one volume of 24:1 chloroform/isoamyl alcohol
was added, and the mixture was stirred and then the water
layer was recovered. This procedure was repeated twice and

25 then the resultant water layer was supplemented with a 3M
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Tabl e 3: D-Phenyl al ani ne production using washed E.coli cells

D- Hydant oi nase D- Car banyl ase Phenyl al ani ne gene- expressi ng gene- expressi ng
production level strain strain (g/dl) JML0O9/ pUC632H JMLO9/ pUC632C 0. 33
JMLO9/ puCl 8 JMLO9/ pUCI 8 0. 00 Exanple 4: Production of D-am no acid using
washed E.coli 20 cell 51 Washed cells of JMLO9/ pUC632H and JMLO9/ pUC632C
prepared simlarly to Exanple 3 were added each at 1 g/dl to 0.1 mMIfPB
(pH 7.5) contsaidiivigated/adle 6bleadrof ph-Subptdtd yheds hydardside cOAROUBES,
and reacted at 30C . By 5 sanpling 24 hours after the reaction foll owed by

centrifugati F foold amedily tanalysisndd & hee swpgsnahast tR¥nHEEGedt.heThe
resul tant each amno acid was quantified. The results are shown in Table 4.

As evi dent f&)qr@gilgistg@‘%e@NQywyﬁ;%(gpgrg@§hﬁgsﬁeaohiitﬁebbS%ié‘tM‘QhSﬁJ,t_he

10 D hydant oi nase ‘gene and D-car ase gene were expressed, each D-am no

acid was pr o%ic&eeqj’efg[jl&i gﬂghydgrsgrgl%@ 55 sybxﬁ%idggt gg:?yq?t oi n conpound.

Table 4: 15 m no aci d production using was .col'i ¢ells 5-Substituted

hydant oi n. Pr ogduced 1 no Production _conpound id|level .(g~d~1-)

B 5- ( 4 Hylr oXybensihJ haa BF TYr SETRETY 2o i bf A DIBAF nad it hyl hydantoi n
D- 5- Met hyl t hi oet hyl (réydant oi n Hydant oi n D-5- Met hyl hydant oi n ,

D- 5- 1 sopr opy! hydantdi%h H8- 51| $86uCHIAREE AR h A Qe E RN 9P Ay HRRL BN SP -

D 5- (4- Ami nobutyl ) hydanto i n D 5- Car boxyet hy| hydant oi n D 5- Phen%/l h}_{dant oin
D-5- (4- Hydro |64§%%9%t%§ﬁ supplemented with 1U of a restriction

enzyme Sau3Al, and the mixture was reacted at 37°C for 15
minutes to effect a partial digestion. Then, from this DNA
10 3 to 8 kbp fragments were recovered by an agarose
electrophoresis. The fragments were ligated with BamHI
digestion products of a plasmid pUC18, whereby transforming
an Esherichia coli strain JM109 to prepare a gene library.
The library was plated onto an ampicillin-supplemented LB
15 medium (tryptone 1 %, yeast extract 0.5 %, sodium chloride
1%, ampicillin 0.01 %, agar 2 %, pH 7.0), and then a colony
was inoculated in a liquid medium containing as the only
nitrogen source N-carbamyl-D-phenylalanine (glucose 0.2 %,
N-carbamyl-D-phenylalanine0.2 %, Na,HP040.6 %, KH,P040.3 %,
20 NaCl1 0.05 %, MgS0O, 0.012 &%, CaCl, 0.1 mM, ampicillin 0.01 %,
thiamine 0.0001 %, pH 7.0) to effect an enrichment culture
and then a strain capable of growing with
N-carbamyl-D-phenylalanine as the only nitrogen source was
selected. A transformant thus obtained was isolated and

25 subjected to an incubation on an LB medium containing
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D- Trypt ophan 0. 26 D- Met hi oni ne 0. 60

D-d yci ne0. 17D Al ani ne0. 31D Val i ne0. 39D Leuci ne0. 23D- | sol euci ne0. 22D- Lysi ne
0.22 DG utam c acid 0.09 D Phenyl gl yci ne 0.43 D 4- Hydroxyphenyl 0.53

al vci ne 52 Exanpl e 5: D-Phenyl al ani ne producti on when conbined with
racem zation with hydantoin racemase An E.coli transformant having a

pl asm d pUCFHR contai ni ng a hydantoin racenmase gene derived from5

M crobacterium]iguefaciens strain AJ391 %FERMd;’i%SS% descri bed in
Japancee PattIRE DL Bat FOX Nob S 9BBIPS T8 36 it Gak i kAT EPRUZFBP S 18%our s
at 37C in an LB nedi cont ai ni n 1 /m of ampjeillin . 1 m of this
Seed cul tur o VEECE Rl T BO0C N L SLEHGROT PRSI L bh R SR B P Rek 10
an LB nedium_to which 1 m of the seed culture was added, and the m xture
was maj or - cUth &R ddhatcsie. vas RedRe L lafk & ot Patli HgPPREPPAEGHRIIESRTE | PTG
was added at the final concentration of 1 mM and the incubation was
continued furehetipnrcanhaandng Af.tes Vomsirdramny. therheetbalipsane padls
cell was collected, washed, whereby preparing a washed cell . On the other
hand, washed tkblvsdafo HEN RUCEI2E fomd 3 MDOF/spUCEI2Crearce iprnepdxedcre
simlarly to Exanple 3, added each at 1 g/dl, together with the washed cell
of the hydantas anpayerasan@Opipdsesi g Isdn ol e wdesos véede dltoves proddcedyM KPB
20 (pH 7.5) containing 1 g/dl of DL-5-benzyl hydantoin and reacted at 30C.
By sanpling wiie 2dby4& santk iidg hawas athes transformant contained the
plasmid containing the intended gene. From this
transformant, a plasmid DNA was prepared and designated as
10 pUC632-1.
4. Base sequence of inserted fragment
Thebase sequenceofaninserted fragment of theplasmid
pUC632~-1 was determined by a dideoxy method. The base
sequence of an inserted fragment of the plasmid pUC632-1
15 is represented by Sequence ID No. 5 in the Sequence Listing.
As a result, the length of the inserted fragment was 4.1
kbp and the open reading frame of about 0.9 kb (ORF, Base
No. 306 to 1220) which was considered to be a D-~carbamylase
gene was proven to be contained. This ORF was designated
20 as ORFl. Downstream of ORF1l, there was an ORF of about 1.1
kb (Base No. 1287 to 2336), downstream of which an ORF of
about 1.5 kb (Base No. 2341 to 3798) was identified. These
ORFs were designated as ORF2 and ORF3, respectively (Fig.

1).

25 5. Homology between each open reading frame and known
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the reactionfoll owed by centrifugationfoll owed by anal ysis of the

supernat ant by HPLC, D- phenyl al ani ne produced was quantified. 25 The
results are shown in Table 5. As evident from 53 this table, by using the
washed E.coli cells in which the hydantoin racemase gene, D hydantoi nase
gene and D-carbanyl ase gene were expressed, D phenyl al ani ne was produced
efficiently from benzyl hydantoine in the DL form 5 Table 5:

D- Phenyl al ani ne ‘Producti on when conbi ned with racem zati on by hydantoin

racenase Hydasnet%l%mff Hydant oi nase D- Car banyl ase Phenyl al ani ne racenase

ene- expressin ene- ex Si roducti o ene-expressing straln strain
Povel stran (o dnEacREBBF poGR A 5anE0cHTY: CORES0T FOMERSC o Be the
JMLO9/ puUCl 8 JMLO9/ pUCI 8 JMLO9/ pUCI 8 0. 00 10 Exanple 6:.A reactjon was
performed si 3%} chF"E&‘éﬁ’ﬁPes%q‘f%n%%FaiarP%QBFﬁ;pe’&‘?l?hEe?éé‘rﬁ PBROLB8LAYL i on

contai ni ng D-phenyl al anine. This reaction solution was centrifuged (10,000
G x 10 m nut &5 7805 ddfat dNeamhBO Gt d SeaN@ AR §ApeKRVARIGRRAEBRERHRY at ed
under reduced pressure to 20 15 m, whereby precipitating a crystal of
D- phenyl aPanimiec r Jhepa b spirtetrad et Pstca nt ebavereah oymd thet hemphedygh a
paper filter to obtain a crude crystal. The crude crystal (2.4 g) was
di ssol ved by abnbi7nithg (8Bt ¥ 1Onmamdifnaateidarskequehcef denceseundbrdnas
sul furic acid, to which 100 ng of 20 activated carbon wasadded to
decol ori zet hesict tvd DfanIBRRderived D-carbamylase gene. ORF3 exhibited
the homology of 58 % (46 % in amino acid sequence) to a known
Agrobacterium microorganism-derived D-hydantoinase gene.
10 On the other hand, ORF 2 exhibited no homology to known
sequences. Based on the results, ORFl was assumed to be
a D-carbamylase gene and ORF3 to be a D-hydantoinase gene.
The base sequence of the entire length of the D-hydantoinase
gene is represented by Sequence ID No. 1 in the Sequence
15 Listing, while the corresponding amino acid sequence is
represented by Sequence ID No. 2 in the Sequence Listing.
The base sequence of the entire length of the D-carbamylase
gene is represented by Sequence ID No. 3 in the Sequence

Listing, while the corresponding amino acid sequence is

20 represented by Sequence ID No. 4 in the Sequence Listing.

Example 2: Expression of strain AJ11199-derived
D-hydantoinase gene and D-carbamylase gene in E.coli
1. Construction of expression plasmid

25 In order to express the both genes in E.coli, plasmids
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the activated carbon was filtered off, and the filtrate was conbined with 5
m of a 280 aqueous ammonia to adjust at 54 pH 3.5, whereby precipitating
D phenyl al ani ne. Subsequently, the precipitated crystal was recovered by
filtration through a filter paper and dried to yield 1.8 g of

D- phenyl al ani ne. An HPLC anal ysis revealed that the 5 material purity was
99 o and the optical purity was 99 0 e.e. or higher. According to the

i nvention, a [ - e be. ressed
stably im 4G B e D W B g 0% Rl (T LBMREEE s
aresult, such an_enzyne can_readi |y .be prepared using a
transforna#g? %&§hl Pﬁas¥ﬁe§ﬁla8Flﬁﬁ@eoéiﬁ}oaggpﬁge dﬁ?n %ggg% Uséful in
pharmaceutical s, chem cal i trial products and food additiv

BrT chont |\ ORF hESEERH 5 r Aot | A bt 2 HErERPBAPEE LA a6
purified enz]}/rre 15 and the |ike. Although t he i nvention has been _descri bed
with respectl#¥OR2SHELITCSRmSddideht i 92 ¥amprtle vifhag e 5FM8ilédsur e,

t he appended clains are not to be thus |limted but are to be_construed as
enbodyi Rg a9 ¥Rl f¥atRrEhs I8RE BVt & FAR WS T a1 LEgPRRS L eR&L By occur
to one skilled in the art which fairly fall within the basic teaching
herein set $lewh. LSECRENCEL L4STY NBuE8s<11BachAIPROMIEEECoragmpnss was120>
DNA FOR ENCODI NG D- HYDANTO N HYDROLASES, DNA FOR ENCODI NG

N- CARBAMYL -k gpd4 i A€ PhHYDRO/ASES] I IRECOMBI INMDH T FKIba COATAI Ni NGt EHE tGENES,
CELLS TRANSFORMED W TH THE RECOMVBI NANT DNA, METHODS FOR PRODUCI NG PROTEI NS
5 UTI LI ZI NG AR b ERANSHIRVED aGidESo AN X2 THDDG e B OR oRREPRKTL G dF ANIENB ,ACI DS

and then transduced into E.coli JM109. The ampicillin
10 resistant strains were screened for strains having intended
plasmids, which were designated as expression plasmids

pUCB32H and pUCG32C.

Table 1:

15 Primers employed for amplifying D-hydantoinase gene and

D-carbamylase gene derived from strain AJ11199

Hydantoinase | 5'-end | CGCTCTAGATAGCCGGAGCTGATACCATGA Sequence ID No.

6
Xbal Initiation codon
3'-end | CGCAAGCTTTCCGCCTCAGGCCGTTTCCA Sequence ID No.
7
HindIIT Termination codon

Carbamylase |5'-end | CGCGAATTCTATCTCGGCGGITGAGGCTC  Sequence ID No.
8

EcORI
3'~end | CGCTCTAGATGGAGCCGCGCCGCTCAGA Sequence ID No.
9
Xbal Termination codon

2. Preparation of cell-free extract

Each of an E.coli transformant having pUC632H and an
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<130> PAMA- 02018 <150> Japanese Patent Application 2001-209712 10 <151>
2001-07-10 <160> 9 <170> Patentln Ver. 2.1 15 <21o0> 1 <211> 1458 <212> DNA
<213> Fl avobacterium sp. 20 <220> <221> CDS <222> (1)..(1455) 25 <300> 56
<400> 1 atg

Met

Thr

Hi s

agt gat tgc

Cys
ggc
Asn
ctg
Ay
agtg
Arg
ggc
Thr

Phe
gag
Leu
ccc
Ay
cgc
Asn
acg
Thr

Arg
aat
Ay

ggc
Val

aac
Al a
acg
Val
5

10

15

20

25

acc cat tac gat ctc gtc att cgc gga gga acc gtc gcc acg gcg 48
Tyr Asp Leu Val Ile Arg Ay Ay Thr Val Ala Thr Ala 5 1 5 10 15
ttc cgg gcg gat gtt gcg gtc acc gac ggc agg atc gtc 96 Ser Asp

AlaLAsp t@nﬂé‘rr}{%tmévﬁﬁg %&6@@% W& \é%'edZQ:@%gP?%gf%GC atc

ctc ggg ccc gcc gcc cgc ga c tcg gcg gaa 144 y GQu
Ala Ala Arg Ju. lle Ser Ala G u 35 90 45. 15 tt

grég tbcf‘grﬁa[%ttz%gagl?ggncg{}a’ a’f‘gdéé{g‘ GG %gﬁ S}g‘%/‘(ﬁ ﬁ I%ro

Asp .Ser. Hi i l.e .d u 50,55 b0

G L 1 th ot S igec b B0 £ S G ava & §89 8 Ve

G.u Thr Phe Ala Ser Ala 65,70 75 80 acc tct tcg gcg gcc, gcg ggc

BdgSgtagyrtit EdaskccorEa2B3non? 0 Shpisen I Qeﬂﬂg‘% g"d”&‘rl%‘y Thr

Ile Ser Phe Ser 25 85 90 95 57 .
1 ml of the seed culture was added, and the mixture was

major~cultured at 37°C. 2.5 hours after initiating the
incubation, IPTG was added at the final concentration of
1 mM, and the incubation was continued further for 4 hours.

After completing the incubation, the cells were
collected, washed, and suspended in 5 ml of 50 mM KBP (pH
8,0) and crushed using bead heater for 3 minutes (30 seconds
X 6 cycle, at 90 seconds interval) together with 0.1 mm ¢
glass beads. The solution was recovered, centrifuged at
20,000 G for 10 minutes, and the supernatant was obtained
as a cell-free extract.
3. D-Hydantoinase and D-carbamylase activity assay

The assay of the D-hydantoinase activity was conducted
by incubating a reaction mixture containing 120 mg/dl
D-5-benzylhydantoin (BH), 50 mM KPB (pH 8.0) and an enzyme
solution at 37°C for 30 minutes, adding 9 volumes of 1.1
mMCuSO4, 11.1mMH3PO4, centrifugingat20,000G for 10minutes
to remove the pellet, and then quantifying the resultant
N-carbamylphenylalanine (N-Car-Phe) by HPLC. One unit of
the enzyme activity was defined as an enzymatic activity

capable of producing 1 umol of N-carbamylphenylalanine per
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cag
Val
aag
Thr
ccc
Asp
tcg
Leu
cag
Leu
gtg
Al a
gaa
Al a
ccg
Au
gtt
Pro
atc
Arg
caa
Leu

cag
Lys
gcg
Arg
acg
Al a
ctg
Lys
acg
Arg
cat
Au
aag

gtg
Arg
ccc
I'le
cgc
Al a
t at
Met

gtg

acc
Al a
gat
Val
aag
Ile
ctg
Val
gcc
Asn
gcc
Leu
gaa
Gu
att
Adn
cgc
Adn
ctg
Leu

10

15

20

aaa ggc ggc ggc atc acc gag gcc ctg cgc gac tat cac 336 An Gn
Gy Ay Ile Thr Qu Ala Leu Arg Asp Tyr His 100 105 110 5 gag
cgc gcg ctg atc gac tat tcc ttc cat ctc gtc gtg 384 Au Lys Al a
Leu Il e Asp Tyr Ser Phe H's Leu Val Val 115 120 125 10 acc gat
gcg gtg ctg gag gaa ctg gtg ccg ctg atc gag 432 Thr Asp Pro Thr
Leu Gu GQu Leu Val Pro Leu Ile Gu 130 135 140 gaa ggg cac cgg

tc. at . qt 1 Gy Hs Arg Ser

ghglllt\l}eccerﬁ?n%l? ﬁ‘ﬁ% gg%d%gﬁc%alcd%%ﬁggdlggg{go ctc gac gac gag
cgc gtg,ct cg ¢ CC_cQgc,aag.acc 528.Leu Asp_As U, &@.n Thr
P g E R A S SR
ag aac cat .gcc gcg atc atg tac 576 Gy A a Leu Vval Thr | His
s FiGuRekifte MRESRTCY0 RS 260885 LU ald CBE/Slc 1o
%gg ctc acc gcc ccg aag tac cac 624 Leu Thr Arg Ala Leu G u Lys
RcaAbamsr o PyRh 4G ¥ LBl nigs 200 WHEFE It 7t g et 2Raf e¥Beat g

Cgg gag gcc tgc cac cgc atc 672 Ala Trp Ala Lys Pro Met Pro Val
Alod WyisrHiat A GA 1o 130 216nekesat edatigactt ualunga efglelg gat
cag atc ttc cac gtt 720 10 Ile Met Leu Ser G u Leu Leu Asp Val

MEC W@ HL & . ValM 2D 230212861 2u0inga tygdn, §6§ Ghgrddguiretgag gaa
gcg cag aat cgc ggc 768 Ser Ay Ala Qu Ala Ala Au GQu lle Arg
Aon rAngd b bl 260 268 thenaggagttd Aitingghgage settége ccg

atg ctg acg gcg 816 Leu Lys Val Phe Ay GQu Thr Cys Pro A n Tyr
Ty 260 260e 2(0~Phe) by HPLC. One unit of the enzyme
activity was defined as an enzymatic activity capable of
producing 1 umol of N-phenylalanine per 1 minute under the
condition described above.

The results are shown in Table 2. Since the strain
transformed by pUC632H exhibited D-hydantoinase activity
and the strain transformed by pUCB32C exhibited
D-carbamylase activity, it was proven that the both genes
were a D-hydantoinase gene and D-carbamylase gene derived

from Flavobacterium sp. Strain AJ11199 and were expressed

in the cell of E.coli.

Table 2:
Enzymatic activity of cell-free extract of E.coli having

pPUC632H and pUC632C

Plasmid IPTG D-Hydantoinase D-Carbamylase
supplement activity activity
(U/mg) (U/mg)
pUC632H + 0.10 Not detected
- 0.01 Not detected
PUC632C + Not detected 0.12
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20 gcg gat ctc gac cgg ccg gat ttc gag ggt gcg aaa ttc ctg tgc agc 864 Al a

Asp
ccc
Pro
cgc
Thr
ttc
Asp
agc
Al a
ctg
Phe
gtc
Al a
aag
dy
900
Asp
415
Val

Leu
gcg
Al a
acg
Ay
gac
Asp
gcc
I'le
ttt
Ser
gcg
Leu
ggc
Thr
gat
Pro
gtc
Asp

Asp
ccg
Pro
gga
Thr
gat
Pro
att
Pro
tcc
du
ctg
Thr
acc
Ile
ccc
Au
gac
Tyr

10

15

20

ccg aac ggc gtg ccg 999 Ct GACHSEH €88 Cl 9 G by Ser

Arg Pro Asp Phe u Ay Ala Lys Phe Leu Cys Ser 275 280 285 25
Cgc acg acg gcc gat cag gaa gcc ctg tgg gac tat atc 912 59

Arg Thr Thr Ala Asp G n GQu Ala Leu Trp Asp Tyr Ile 290 295 300
acg atc ggg gtc gtg tcg tcc gac cac gcg ccg aac cgc 960 5 Arg
Ile Ay Val VvVal Ser Ser Asp His Ala Pro Asn Arg 305 310 315 320
ccg cac ggc -aag aag gtc ggwoggd@tecgad gcg ocolttc 1008 Phe
Hye 1Gly Lys 4Lys Val Ay G wodalddsicAta Pro Re Q3258380 335

15
gaa ggg gtc gtc aag ggg cgc atc gac ctc aac acc ttc 1104 Leu
Ay Val Val Lys Ay Arg Ile Asp Leu Asn Thr Phe 355 360 365 20

&egngde e maiuactigprgod Raghehglafbngge wt gngat sbec B 1631 Val
Ala Ala Asn Pro Ala Lys Leu Phe Ay Leu H's Pro 370 375 380 aga
a&ted.lgcc gtc gga gcc gat gcg gat atc gcg atc tgg 1200 25 Arg Lys
Ala Val Ay Ala Asp Ala Asp Ile Ala lle Trp 60 385 390 395

gag CywWadd@dt gedly abe COPClL@SLpUBE3aAHY &hg CAll CRLpYYE31248
Arg Lys Val Thr Ile Arg Asn Asp Met Leu~His Hs Ay 5 405 410

L@ B A G il@C) D80y G498 Eg(ta(fnpma@ 2948 r@0§r89§rteglg gaaeat 8adR96
Thr Val Tyr Au @y Val Au Val Thr Ay Trp Pro Val 420 425 430
at 1 g/dl to 0.1 mM KPB (pH 7.5) containing 1 g/dl of
D-5-benzylhydantoin and reacted at 30°C. By sampling 24
hours after the reaction followedbycentrifugation followed
by analysis of the supernatant by HPLC, D-phenylalanine
produced was quantified.

The results are shown in Table 3. As evident from
this table, by using the washed E.coli cells in which the
D-hydantoinase gene and D-carbamylase gene were expressed,

D-phenylalanine was produced efficiently from

benzylhydantoine.

Table 3:

D-Phenylalanine production using washed E.coli cells

D-Hydantoinase D-Carbamylase Phenylalanine
gene-expressing gene-expressing production level
strain strain (g/dl)
JM109/pUC632H JM109/pUC632C 0.33

JM109/pUC18 JM109/pUCL8 0.00

Example 4: Production of D-amino acid using washed E.coli

cell
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10 atg acg ctc tcg cgc ggc gag gtg gtc tat gat gac ggc gcg gtg gtc 1344 Met

Thr
ggc
Lys
aag
Lys
gaa
4S5
Val
Al a
Leu
Pro
du
Al a
Lys

Leu
aag
Pro
ccg
Pro

gtg

5 <212>

I'le
Asp
Ay

QRS
<< T

5

10

15

Ser
ccg
Ay
cgc
Arg
gaa

Arg Ay Qu Vval Val Tyr Asp Asp Ay Ala Val Val 435 440 445 15
ggt cac ggg cgc ttc ctt gcc cgc ggt ccc tat gac gcg 1392 Ay
Hs Gy Arg Phe Leu Ala Arg Gy Pro Tyr Asp Ala 450 45S 460 atc
ggc agg cat gtg acg cct ttc gac ccg gtg acg ggc 1440 2 O ILe
Ay Arg H s Val Thr Pro Phe Asp Pro Val Thr Ay 465 470 475 480
acg Val ab 145 > <211>
Sou5% Cotbdcret: untlle /ulefle0 N Sipfiney sTORE o
Arg GI GI Thr Val_ Ala Thr Ala 10 1 5 10 15 Ser Asg %s Phe Arg
VaPrFxlpé SEAEL Yl 3 §0 AR R P £ \AI WoBe 230dd 182 ARt F 1 & YL d u Asn
Pro Ala Ala Arg Gu Ile Ser Ala Gu 35 40 45 Gy Arg Leu VaI Leu
A foval - s pMseR PR s(REy s THPS | ¢@nBrintpgssl 66/96 @4 Peshad afval Ay
Arg Asn Ala A u Thr Phe Ala Ser Ala 65 70 75 80 Thr Ser Ser Ala Al a
A ¥ - Blub sThirt uitte d Yald alr teo iSe c oRipe Bed s 25 n85r&8cHsAGE 30&n Gy Val
Gy Ay Ile Thr Qu Ala Leu Arg Asp Tyr His 100 105 110
sampling 24 hours after the reaction followed by

centrifugation followed by analysis of the supernatant by
HPLC, the resultant each amino acid was quantified.
The results are shown in Table 4. As evident from
this table, by using the washed E.coli cells in which the
D-hydantoinase gene and D-carbamylase gene were expressed,

each D-amino acid was produced efficiently from each

5-substituted hydantoin compound.

Table 4:

D-Amino acid production using washed E.coli cells

5-Substituted hydantoin Produced amino Production
compound acid level
(g/dl)
D-5-(4-Hydroxybenzyl)hyda D-Tyrosine 0.35
ntoin
D~5-Indolylmethylhydantoi D-Tryptophan 0.26
n
D-5-Methylthiocethylhydant D-Methionine 0.60
oin
Hydantoin D-Glycine 0.17
D-5-Methylhydantoin D-Alanine 0.31
D-5-Isopropylhydantoin D-vValine g.39
D-5-Isobutylhydantoin D-Leucine 0.23
D-5-sec-Butylhydantoin D~Isoleucine 0.22
- (4~Aminobutyl)hydanto D-Lysine 0.22
in
D-5-Carboxyethylhydantoin D-Glutamic acid 0.09
D-5-Phenylhydantoin D-Phenylglycine 0.43
D-5- (4-Hydroxyphenyl)hyda D-4-Hydroxyphenyl 0.53

ntoin

glycine

52



5 Qu Lys Ala Thr Arg Ala Leu Ile Asp Tyr 5er Phe His Leu Val Val 115 120
125 Thr Asp Pro Thr Asp Ala Val Leu Qu GQu Leu Val Pro Leu I1le G u 130 135
190 1~ Au Ay H's Arg Ser Leu Lys Ile Phe Met Thr Tyr Thr Asn Val Val 195
150 155 160 Leu Asp Asp GQu A n Thr Leu Arg Val Leu Ala Leu Ala Arg Lys Thr
15 165 170 175 Gy Ala Leu Val Thr Val Hs Ala Qu Asn Hs Ala Ala |Ile Mt
Tyr 180 185 190 20 Leu Thr Arg Ala Leu Qu Lys Ala Ay Leu Thr Ala Pro Lys

Tyr H's 195 280, Al a B—@r@%ﬁyi—é@aﬁiﬁe'\/sp?&oﬁhgd%'n %lénA&emﬁlHe%' gifps H's
Arg Ile 210 215 02563 ITe Met er Qu Leu Leu Asp Val Pro Ile @n

Ile Phe Hi s 3 0 Lla Ala Gu Qu Ile Arg Ar

Ala @ n Asn &aal %§§z§§82é gﬁéﬁzg‘?}%{arﬁ e/%i‘ge@ﬁe @y Qu Thr Cys Pro %n °
Tyr Leu Met Leu Thr Al a 260 .265 270 Leu Asp A As g

Gy Ala Lys Phe Led’ %é:eajﬂg a%AiiDaVJﬁ%% Ar gP ‘rl'%r’s (Ig)i‘r Bﬁg GI n
(Hﬁ Al a Lgu Qg Iby Il e i?O 295 300 15 Arg Thr ? Thr 1]e Valpvm

Ser Ser hep HGTEHG g Rigabdio 535896 g, ALt PracH S Lys
Lys Val Ay Ay Vval Asp AIa Pro Phé 20 325 330 335 Ser. Ala lle Pro Asn Ay

Val Pro Gy L o Fr;l\P Letd'wr b2 F1EeR8406° 35 “eu S Ay
P D&F%&P% h ek b B 356935 LiZe y (PRRMSBP 1P

Val Val Lys Gy Arg Ile Asg Leu Asn Thr Phe 64 355 360 365 Val Ala Leu
Thr Ala Al a A'é@}sq:%?bbwialﬂy apapnepie Pebpnte R st f3 ol 7 ONB75288b-878739

was seed-cultured for 16 hours at 37°C in an LB medium

containing0.lmg/ml ofampicillin. 1mlofthisseedculture

was added to a 500 ml Sakaguchi flask containing 50 ml of

10 an LB medium, to which 1 ml of the seed culture was added,

and the mixture was major-cultured at 37°C. 2.5 hours after

initiating the incubation, IPTG was added at the final

concentration of 1 mM, and the incubation was continued

further for 4 hours. After completing the incubation, the

15 cellwascollected, washed, whereby preparing a washed cell.

On the other hand, washed cells of JM109/pUC632H and

JM109/pUC632C were prepared similarly to Example 3, added

eachat 1 g/dl, together with the washed cell of the hydantoin

racemase-expressing strain described above, to 0.1 mM KPB

20 (pH 7.5) containing 1 g/dl of DL-5-benzylhydantoin and

reacted at 30°C. By sampling at 24, 48 and 72 hours after

the reaction followedbycentrifugation followedby analysis

of the supernatant by HPLC, D-phenylalanine produced was
quantified.

25 The results are shown in Table 5. As evident from
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Arg Lys Ay Thr Ile Ala Val Gy Ala Asp Ala Asp Ile Ala |I1le Trp 385 390 395
400 Asp Pro Qu Arg Lys VvVal Thr Ile Arg Asn Asp Met Leu Hs Hs Ay |~ 405
410 41S Val Asp Tyr Thr vVal Tyr Qu @y Val Au Val Thr Gy Trp Pro Val 420
425 430 15 Met Thr Leu Ser Arg Ay du Val Val Tyr Asp Asp Ay Ala Val Val
435 440 445 Gy Lys Pro Ay H's Gly Arg Phe Leu Ala Arg Gy Pro Tyr Asp Ala
450 455 960 20 Ile Lys Pro Arg Gy Arg Hi's Val Thr Pro Phe Asp Pro Val Thr

Ay 465 47Q d/o téeﬁ%ob %’e s{ o ﬂi'é @%%h@?o 25992 ek %%Oin%?ﬁ%l%ﬁze%s

<212> DNA <213> riu 1> CDS <222 912)
<400> 3 at aa cg gtg C gg Ge a gcc 48
15 Met Pr oqtf&a‘@‘gf% egﬁa\aée‘i‘_"’g%éAl R Gl)s/j &%%@éé% B o 209% 01
15 cgc agc aa cag gt C C a C 96 Arg
St Asp SerD A3 ARy ERRVAIC Al ME g ANP Lt U RGFTN LA P05 30 gag
gag gcc gcg gcc cgc aat tcg gat ttc atc gtc ttt cc¢c gag ctg 144 u Au Al a
Ala Ala Ar PR et edshl ahen l@:V@wnMﬁ9¢¥%ﬁx$®ntean35ladﬂysDésfesm

5
Table 5:
D-Phenylalanine production when combined with racemization

by hydantoin racemase

Hydantoin D-Hydantoinase D-Carbamylase Phenylalanine
racemase gene-expressing gene-expressing production
gene-expressing strain strain level

strain (g/dl)
JM109/pUCFHR JM109/pUC632H JM109/pUC632C 0.86
JM109/pUCLS JM109/pUC18 JM109/pUCL8 0.00

10 Example 6: A reaction was performed similarly to Example
5 to obtain 500 ml of the reaction solution containing
D-phenylalanine. This reaction solution was centrifuged
(10,000 G x 10 minutes) to separate the cells, and the
supernatant was concentrated under reduced pressure to 20

15 ml, whereby precipitating a crystal of D-phenylalanine.
The precipitatedcrystal was recoveredby filtration through
a paper filter to obtain a crude crystal. The crude crystal
(2.4 g) was dissolved by combining with 10 ml of water and
1 ml of concentrated sulfuric acid, to which 100 mg of

20 activated carbonwas added todecolorize the solution. Then,
the activated carbon was filtered off, and the filtrate was

combined with 5 ml of a 28% aqueous ammonia to adjust at
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gcg
Thr

gcg

ctg
Thr
ttc
du
gcg
Lys
ggc
Arg
agg
I'le
gaa
Tyr

aat

Asn
atg
Phe
ctc
Ay
ccg
Val

atg

gtc
Val

acc
Phe
tac
Thr
aaa
Hi s
990
Lys
atc
Ay L
gac
Arg
ctc
Leu
ttc
| I5e
aag
Al a
ccg
Pro
cag

ggg
Au

10

15

20

25

ttc ttc
Pro Arg
acg gaa
Met Pro
ggc gtc

Val Giy Phe Asn
aag

t at
Thr
ccg
Thr
ctc

ttc
Asp
agtg
Arg

acc
Phe
gag
du
cac
Ay

acc gac gag gcg gaa 192 Ala Leu
GQu Ala du 50 55 60 5 ctg gac

aca cgc ccg 240 Leu Asp Al a Phe
Pro 65 70 75 80 ctg ttc gag gcc
ggc ttc 288 10 Leu Phe Au Ala Al a

Phe 85 90 95 gcg gag ctc gtg tcg

g Arg” Cg&h%%%b aég?% Sig§§i§§aafby ﬁgn ggégg agguaSLy
3 V.

a’%%b%ﬁuﬁﬁ 15 o 4 C?é%ti%dzﬁrcyaﬁta& 3%% i3y gar? gac

Asp . Tyr u

tac. cgc, ¢cc cCC cat_432 His Leu Pr Lys

BLERet R F}‘g%%l i ke G A gﬁxéggtpaél@tléi dagf acc
gga ttc ccg gtc_tat 480 67 Leu Gu Lys Arg Tyr Phe G u Thr
d PR BenYhplFpingss 250HEES %elgég sgteVgat sghtthiaxte tsy at g
atc tgc aac gac cgg cgc S28 5 Gu Val Asp Gy Phe Lys Met Ay
QatABhaASPUALG YANR S16S RNy sthgrrEfCghgPaEd tgyasg@ Yty at g
ggc gcg gag ctg atc 576 Trp Pro Qu Thr Trp Arg Val Met Ay Leu
@ ue lLear| hagh@rl80 185 190 tgc ggc ggc tac aac acg ccg ctg cac
gtg ccg cag cac 524 Cys Ay Ay Tyr Asn Thr Pro Leu His Asn Pro
A n H Ade&r200g205 the gaveaadoct,cadythtdantdéineae gate el ct g
gcg ggc gcc 672 Asp G n Leu Ser Ser Phe H's His Leu Leu Ser Met

Abac2tPard$Dazd20g@n0 dac beagxpacs ggt Pegblgd med Hoge ggduady ggce
gtg gag 720 Tyr G n Asn Ay Ala Trp Thr Ala Ay Ala Ay Lys Val

inahostcell suchasacoliformmicroorganism. Asaresult,

ccc cgc
Trp Tyr
atg ccg
Ser Pro
ggg ttc

tgg
Phe

agc
Val
aat
Leu

such an enzyme can readily be prepared using such a
transformant, resulting in an ability of producing D-amino
in chemical industrial

acid useful pharmaceuticals,

products and food additives efficiently using such a
transformant, extract therefromas well as apurifiedenzyme
and the like.

Although the invention has beendescribedwith respect
toaspecific embodiment for acomplete andcleardisclosure,
the appended claims are not to be thus limited but are to
be construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art which

fairly fall within the basic teaching herein set forth.

SEQUENCE LISTING

<110> AJINOMOTO Co, LTD
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225 230 235 240 gaa ggc tgc atg ctg ctc ggc cat tcc tgc atc gtc gcg ccc acc
ggg 768 25 Au Ay Cys Met Leu Leu Ay His Ser Cys Ile vVal Ala Pro Thr Ay
68 295 250 255 gag ctt gcc gcg ctc acc aac acg ctg gag gac gag gtc atc

acg gcc 816 Au Leu Ala Ala Leu Thr Asn Thr Leu u Asp Gu Val Ile Thr Al a
5 260 265 270 get gcc gat ttt gcc cgc tgc cgg gaa atc cgc gag aac atc ttc

aat 864 Ala Ala Asp Phe Ala Arg Cys Arg Qu Ile Arg GQu Asn Ile Phe Asn 275
280 285 10 ttc gag cag cat cgc gag ccg cag gaa tac ggg ttg atc gcc gcc gtc
912 Phe Qu An Hs Arg Gu Pro dn du Tyr Ay Leu Ile Ala Ala Val 290 295
300 15 tga <210> 9 <211> 304 2 ~ <212> PRT <213> Fl avobacterium sp. <400> 4
Met Pro Gly 138”1 IP¥R| | BORLeRNCAPBCVaP-TEPRN TR HERRBRAYESer P A o EBEPING 10

15 915 69 Arg Ser Asp Ser Arg u dn Val Val Lys Arg Leu Val Asp Met Leu
20 25 30 5 GGARAYRIgAANNG KGR TYD§OIRSES SEFECHMSHNPR PN eONJAIN PR HPr FNEFu Leu

35 40 45 Ala Leu Thr Thr Phe Phe Pro Arg Trp Tyr Phe Thr Asp Au Ala Qu 50
55 60 10 CELLS TRANSFORMED WITH THE RECOMBINANT DNA, METHODS FOR PRODUCING PROTEINS

5 UTILIZING THE TRANSFORMED CELLS AND METHODS FOR PRODUCING D-AMINO ACIDS

<130> PAMA-02018

<150> Japanese Patent Application 2001-209712

10 <151> 2001-07-10

<160> 9

<170> PatentIn Ver. 2.1
15

<210> 1

<211> 1458

<212> DNA

<213> Flavobacterium sp.
20

<220>

<221> CDS

<222> (1)..(1455)

25 <300>
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Leu Asp Ala Phe Tyr Qu Thr Gu Met Pro Ser Pro Val Thr Arg Pro & 70 75 80
Leu Phe Qu Ala Ala Ala Lys Hs Gy Val Ay Phe Asn Leu Gy Phe 15 85 90 95
Ala Gu Leu Val Ser du dy Ay Arg Lys Arg Arg Phe Asn Thr Ser 100 105 110
20 Ile Rla vVal Asp Arg Thr Ay Arg Ile Ile Ay Lys Tyr Arg Lys Ile 115 120
125 His Leu Pro Ay H's Lys Asp Tyr Gu Asp Tyr Arg Pro Phe G n H's 130 135
140 25 70 Leu Qu Lys Arg Tyr Phe Qu Thr Gy Asn Leu Gy Phe Pro Val Tyr
145 150 155 160 A u Val Asp Gy Phe Lys Met Ay Met Phe Ile Cys Asn Asp Arg
Arg 5 165 170 175 Trp Pro Qu Thr Trp Arg Val Met Ay Leu Lys Ay Ala Qu

Leu Ile 1SO 185 190 10 Cys Ay Ay Tyr Asn Thr Pro Leu H's Asn Pro Pro Val

Pro Gn H's 1958°2480 205 Asp G n Leu Ser Ser Phe His H's Leu Leu Ser Met Gln

Ala Ay Ala 210 215 220 15 Tyr A n Asn Ay Ala Trp Thr Ala Ay Ala Ay Lys
Val Ay Val @t ZFP5°8302235 F40 w2t §90FS2 R 167 9% 8 GR§Y IFS SéF Cys e
Val Ala Pro Thr Gy 2~ 245 250 255 GQu Leu Ala Ala Leu Thr Asn Thr Leu Qu
Asp G u Val [Meg Thar iRl dv266p 265 2FOI2 Brofbhy Ala TAspVaPhilaAfkr Alg Cys Arg GQu
Ile Arg Qu Asn Ile Phe Asn 7 1 275 280 285 Phe Gu @n Hs Arg Qu Pro
An Qu Tyr Ay Leu lle AlasAla Val 290 298 300 5 <21o> s 211> 4054 10
<212> DNA

agt gat tgc ttc cgg gcg gat gtt gcg gtc acc gac ggec agg atc gtc 96
Ser Asp Cys Phe Arg Ala Asp Val Ala Val Thr Asp Gly Arg Ile Val
20 25 30
10
gcc atc ggc gag aat ctc ggg ccc gcc gecc cge gag atc tecg gecg gaa 144
Ala Ile Gly Glu Asn Leu Gly Pro Ala Ala Arg Glu Ile Ser Ala Glu

35 40 45

15 ggc cgc cte gtt ctg ccc ggc ggc gtc gat tcc cat tgc cat atc gag 192
Gly Arg Leu Val Leu Pro Gly Gly Val Asp Ser His Cys His Ile Glu

50 55 60

gag ccg cag gtc ggce gag gtg cgc aac gcg gaa acc ttc gecc tcecc gcc 240
20  Glu Pro Gln Val Gly Glu Val Arg Asn Ala Glu Thr Phe Ala Ser Ala

65 70 75 80

acc fct tcg gcg gcc gcg ggc ggc acg acg acg gtc att tcc ttc tct 288
Thr Ser Ser Ala Ala Ala Gly Gly Thr Thr Thr Val Ile Ser Phe Ser

25 85 90 95
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<213> Fl avobacterium sp. <900> 5 gat cggccgc gcgctgatgt cgaagccgcg
ccttctgcett ctcgacgaac cctcgctggg 60 15 actggcgccg ctcgtcgtgce gcgacatcgc
ccgtctcgtc acggagat ca accgggagca 120 gggcaccagc atcgtgctgg tcgagcagaa
ttcgcgcatg gcgctgcecgca tcagccgata 180 cgcctatgtg ctcgaaaccg ggcgcat cgg

t ct cgaagga gcctcgcaga gcctcctcga 240 cgacgacaag gtcaagcaac tctatctcgg
cggttgaggc tccgggaaag gaaaaggaga 300 ggaat at gcc aggaaagatc attctcgcgg

t gggccagct tggacccatc gcccgcagcg 360 20 acagccgcga acaggt ggtg aagcggctcg
t cgacat gct ggaggaggcc gcggcccgca 420 attcggattt catcgtcttt cccgagctgg
cgctgaccac tcttecce cqactagtatt 480 tcaccgac ggcggaact acg tct
Fegagacogn ShiGe TRt ahorancde Bh0 ot Gt ot e o gadatacy
gcgtcggatt caatctegge ttecgecggage 600 tc t a gggcggcagg . aagcgccgct
tcaacacgtc(%3?%66%§tgwbgg é%gégé OT?B%%gﬁgggPEd%%cggb gg#é% cgcaagat cc
atct gccggg ccacaaggac tatgaagact 720 ~z L QZZZ ba~bbaab~b aba~~abaea
bbaBbbaba~ baabaab~~&"’aae~~aabab ~abbbaebab S Z 09TZ'bbaaabeea babaabaa~~
eba~a~eaab b~aaaeaaaa ababaeaa~a aebabba~ee OOTZ ebpbb~bb~a bbababbb~a
~a~eeaEBa~ abaaabaabb bebaabbeba bba~aabea~ O-OZ ba~ebeaabb a~abaaabab
aaa~abab~~ ~abeabaaeb a~aa~ebaeb abbbbaaeaa 086T a~ebae~~~e bbeaeba~ba
bbababbbae %b-2ad-s@bacabbadehetih dishotratat-ecOBT trtablirebbalbtabaatea~ba
~baaaa6eea babbae~~eb a~ababbbab beeebbeeab ~Z 098T baabbaeabb a~baae~bba
~b~~ba~baa BebaabbetrhbAbandba-tab EzxadsaTar-c<008¢ Haabbbbaalar-bbabbabba
aeaabaeaaa ebaaa~ba~b beb~bbbaae bababbabba ObLT ~a~baae~sa b~ab~a-~eab
b~aabbaebe ababbea&~a a~aa~~aabe ®bbabbaeee 089T tra~~aaa~~b aa~~2baaaa
~aaba~~baa b~bbaebbab bab~~baaba baa~ababaa Oz9T baa~abbabb abbba~bpba
ab~e~abbba bb~bbbaaeb abba~ba~ba ~~~bb~2ba~ ST 09ST babbbab~bb a~bbabbaab
abbbaabbb~ baaebQha~a ~bbaaaa~ba aabaaae~Ee OOST abpebaa~ea baaae~aae~
bbababhaba eb~ghaprab-Ag3b-zagary hgabhahzakcp~l caabar-bbhal.a~basrbaaae
ebebbababb bbaba~bbaa babaaab~ab abaaba~bab OBET ab~~b~aabb aabaabeeba
bbaaabea~e fhb+aBaga~e.bahahab~ea acbehphabh.048] Eeehnbbebl, abbbabbaaa
eaebbaabaa ab~eabbeea bbbaeebbab bebbbabaaa OI 09ZT ~~aabaabpb aaab~eb~ea
~eeaEaeaa~ abbghabbab eb~a~baahg aba~Eb~~bb OQf] baeaeebbea baabebaba-~
eabeabeba~ ~~ePa~~a~e aeabebabaa ~eeebbbaab

gaa ggg cac cgg tcg ctg aag atc ttc atg acc tat acc aat gtc gtg 480
15 Glu Gly His Arg Ser Leu Lys Ile Phe Met Thr Tyr Thr Asn Val Val

145 150 155 160

ctc gac gac gag cag acg ctg cgc gtg ctg gcg ctc gcc cgc aag acc 528
Leu Asp Asp Glu Gln Thr Leu Arg Val Leu Ala Leu Ala Arg Lys Thr

20 165 170 175

ggc gct ctc gtc acg gtg cat gcc gag aac cat gcc gcg atc atg tac 576
Gly Ala Leu Val Thr Val His Ala Glu Asn His Ala Ala Ile Met Tyr
180 185 190

25
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ObTT ~abaaab~~~ ~Ebaab~aba abbaea~ea~ bbebaebbeb b~abaeaeea aea~ababaa 080T

b~~abpbbbb
bbbba~bbee
ab~aa~a~Ea
abaeaeeae~
bbaabb~aba
bbaaa~~ebb
~bb~baaaba
b~bbebabba
baeae~aeba
bb~a~ababa
~~~a~abeeb
beeaaba~bb
baaa~eaaba
~baapEb~~b
b~aaabEelsh
a~~~Ebbaab
a~~aabbeea
~~baeaa~~a
aabbebbbae
aabbeeeEbb
a~baaa~aba
b~baab~e2a
b~bb~aeebb e
a~eb~ababa

10

15

20

25

aaeaaababa
abbbabebba
aeaa~~aa~a
abbabbabaa
bbaa2baeea
a~a~eeabba

~ba~pab~aa
abaaebb~ba
bea~abeaae
~eb~abpbba
b~a~ea~~b~
aebeba~~ae

~aeaabba~a
b~bbaeebea
baeabeabaa
babbbeea~a
Eabbb~abee
~bbabeebeb

b~ab~eab~a
a~~aab~bbb
b~bbaabaa~
~bbb~eb~ba
a~~abb eba
~a~

bb2ebb2bb~ OzOT
abbeab~eba 096
e8aeab~aba 006
babb~aaebe p~8
~bbeb ~e~aa 08L

dH4~2Eh5hb 96 A AT~ heeadBaabhb aafﬁb%cﬁaﬁ%qaéa%é%ac
baba~a~aba eb~eb~bbaa bb~ebbaaeb ~bbeba~bab bbebaeaa~b 009
Jsabbaehite 2ab1ab dBaet “attabanlen BEbM bbby alébdaa~E6 bS

baabebba~b aabaaeaaea bbbeaEbeaa

~e~ebbabae
abbaa~eéda
bbeebaa~a~
bea~~aaaba
~baeaasbaa

bbabbaebaa
~b~aa~ebaa

bath~ba~~a
b~aababaeb

ba2bb~bbbb abbaabbeeb

~ba~b~ba~b

bbbaaebaee

2accebpabba separeabaiaacdabaaaabra
baaeba~a~e bbabbabbae b~ab~eb~a~
aqabbabaae rebaabababerabanseeehb
aaab~ebbaa b~asabaaaa
eaaabeeaap; pb~aaba2aa
ea~aae~b~e a~ebabaab~
aaaba~abab b~abababab
ea~~aaebee b~aba~bbaa

~ebea~~eaa
ebb~phaab~
~aaab~baba
bbaaebeeab
ae~ e ~aaeb~

baaae agg

Ile Met Leu

225

tcc

999 gcg

Ser Gly Ala

ctc aag gtc

Leu Lys Val

gcg gat ctc

Ala Asp Leu

275

ccc

gcg ccg

g%@a&%aé‘tg

aea~-e~

P

Ser Glu Leu Leu Asp Val Pro

230

gag gcg gcc

Glu Ala Ala

245

ttc ggc gag

Phe Gly Glu

260

gac

cgg ccg

Asp Arg Pro

cgc acg acg

gag

Glu

acc

Thr

gat

Asp

gcc

gaa atc cgc

Glu Tle Arg

250

tgc ccg caa

Cys Pro Gln

265

ttc gag ggt

Phe Glu Gly

280

gat cag gaa

59

aeaeea*¥ae
abb~abbbba
eeabbaeaba
bbbaaabaa~

baae bL OZL
~~5%bog

a~eab~aabb 08b
ba~eababbb Ozb

ab~babbaee 09E
a~ebaeba~~ 00
a~p~a2bbb~ bz

tr9begabgeeachkabaltbb257987?

e~eeabaaab ~aa2bebabb
ehaabbapbeibbabbhbaa~
~abaaa~eaa eabaaeaab~
e~bgmsbaaaa baaea~abbb
eaa2ebebaa baeab~bbae
~abaebeabe bae6aeba~a
eabbbeEbba baaeb~abaa

aé%aﬁét~géﬁattci%§c
abbebaaea~ 2abba babb

Ile Gln Ile Phe His Val

235

cgc gcg cag

Arg Ala Gln

tat ctg atg

Tyr Leu Met

aat

Asn

ctg

Leu

cgce

Arg

255

acg

Thr

270

aaa ttc

gcg

Ala Lys Phe

285

ctg

gcc tgg

ctg

Leu

gac

tgc

Cys

tat

ozT

090
000E
h6Z
0882
az8z

~j 09LZ

rakh,P0LZ

240

ggc

Gly

gcg

Ala

agc

Ser

atc

768

816

864

912



O-gZ eeeb~bbeab ea~a~aaaaa ~~~ea~bbae baebaeabba bbbabaabba bba~~a~aa2 08Sz
~aba~~aaba ~~aaE2ebba bae8abab~b bebabba~bb aabaabebbe b~~E~eaab~ QzSz
~Eaaa~~eba ~babbabbaa ab~a~~ba~a abaabbe2bb abba~a~ebe babaaabaab 09bZ
aaabbba~a~ eebebabba~ eaaba~baa2 bb2abbaeba aea~66ab~~ b~ebbabbba oChz
a~~ab~~pb~ bababbaaaa ba~baaeabb abbaba~~Ea ~ba~a~abae ~~Eaaaeb~e hZ
aae~Eb~abe bbaabe~2ba aeeabaae~a aae2a~baab ~~ab~aa~ab eeebbbaab~ 0872z
bbaeabaaa~PEeb ~a§ba§ eggqu~%ge abebfag?e%le%paj;aa~~ ~aa~babaEe
ccct at gacg "¢gat Gaagec gadgt'§hand tYgdth Gahg aacicyacht fHadcat gac
ggaaccgagg tcgtcgccgt 5 gacgaggfgg t cagt gcgct tgcgacggct atcttatcge
gcgcggcagg cg Saggac cgccaagatc cagccccget ¢ gtgctc ctgcttcgac <210> 6
10 <211> 30 <212> DNA <213> Artificial Sequence <220> catgtgacgc aggacgatga
ggcgaggcgg at ggggccgg gacgaagtgc gatc ctttcgaccc ggtgacgggc 3780 agat caaggt
gat caat ccg 3890 ccgccgcececgt cgcctcggeg 3900 cctccatcga ggggcattat 3960
gcaagggaaa YHy§asigac 4620 WOSU c15-9<PIB I DIsE rdapt I gncr a4 ¢ i cPl

Sequence: primer 6 <400> 6 cgctctagat agccggagct gataccatga 20 <210> 7
<211> 29 <212>ThDNA y<PH3E1AGL fYadi @l Seqdendep 28s78a Pro Asn Arg

305 310 315 320

ttc gac gat ccg cac ggc aag aag gtc ggc ggg gtg gac gcg ccc ttc 1008
Phe Asp Asp Pro His Gly Lys Lys Val Gly Gly Val Asp Ala Pro Phe

10 325 330 335

agc gcc att ccg aac ggc gtg ccg ggg ctg gcg acg cgc ctg ccg atc 1056
Ser Ala Ile Pro Asn Gly Val Pro Gly Leu Ala Thr Arg Leu Pro Ile
340 345 350
15
ctg ttt tcec gaa ggg gtc gtc aag ggg cgc atc gac ctc aac acc ttc 1104
Leu Phe Ser Glu Gly Val vVal Lys Gly Arg Ile Asp Leu Asn Thr Phe

355 360 365

20 gtc gcg ctg acg gcg gcc aat ccg geg aag ctc ttt gge ctg cat ccc 1152
Val Ala Leu Thr Ala Ala Asn Pro Ala Lys Leu Phe Gly Leu His Pro

370 375 380

aga aag ggc acc atc gcc gtc gga gcc gat gcg gat atc gecg atc tgg 1200

25 Arg Lys Gly Thr Ile Ala Val Gly Ala Asp Ala Asp Ile Ala Ile Trp

60



30 <220> <223> Description of Artificial
cgcaagcttt ccgcctcagg ccgtttcca <210> 8 <211> 29 10 (12> DNA <213>

Artificial Sequence c220> <223> Description of Artificial

Sequence:

primer? <400> 7 5

Sequence: priner8

15 <400> 8 cgcgaattct atctcggcgg ttgaggctc 20 <21o> 9 <211> 28 <212> DNA

<213> Artificial

Artificial Sequence:

gat ccc

Asp Pro

gtc gac

Val Asp

10
atg acg

Met Thr

15 ggc aag
Gly Lys

450

atc aag
20 Ile Lys

465

gaa gtg
Glu Val

25

gag

Glu

tac

Tyr

ctce

Leu

435

ccyg

Pro

ccg

Pro

gaa

Glu

Sequence 25 <220> 29 29 76

<223> Descri ption of

primer9 <400> 9 cgctctagat ggagccgcgc cgctcaga 28 W
her eby idenykgy t he follomﬁqgofive deposits:ggder t he Budap%%g Treaty:

cge

Arg

acg

Thr

420

tcg

Ser

ggt

Gly

cgce

Arg

acqg

Thr

aag

Lys

405

gtc

Val

cgc

Arg

cac

His

ggc

Gly

gcc

Ala

485

gtg

Val

tac

Tyr

ggc

Gly

gg99g

Gly

agg

Arg

470

tga

acg

Thr

gag

Glu

gag

Glu

cgc

Arg

455

cat

His

atc

Ile

ggc

Gly

gtg

Val

440

tte

Phe

gtg

Val

cgc

Arg

gtc

val

425

gtc

Val

ctt

Leu

acg

Thr

aac

Asn

410

gag

Glu

tat

Tyr

gce

Ala

cct

Pro

61

gac

Asp

gtg

Val

gat

Asp

cgc

Arg

ttc

Phe

475

atg

Met

acc

Thr

gac

Asp

ggt

Gly

460

gac

Asp

ctg

Leu

gga

Gly

ggc

Gly

445

ccc

Pro

ccg

Pro

cat

'His

tagg

Trp

430

gcg

Ala

tat

Tyr

gtg

Val

cac

His

415

ccg

Pro

gtg

Val

gac

Asp

acg

Thr

ggce

Gly

gtg

Val

gtc

Val

gcg

Ala

ggc

Gly

480

1248

1296

1344

1392

1440

1458
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| bar aki - ken 305-8566, Japan BacteriaStrain No.Deposit No.Fl avobacteri um
sp. AJ11199FERM BP- 8063Aur eobact eri um | i quef aci ensAJ3912FERM
BP- 7643M crobact eri um | i quef aci ensAJ3912FERM BP- 7643Pseudononas
hydant oi nophi | um AJ11220FERM BP- 7645Agr obact eri um sp. ~AJ11220FERM BP- 7645
Dat e of Deposit May 30, 2002 June 27, 2001 June 27, 2001 June 27, 2001 June
27, 2001 77 WHAT IS CLAIMED 1S: 1. A DNA having a base sequence
represented by (a) or (b ) and that encodes a protein having D hydantoi nase
activity, wherein 5 (a) is the base sequence represented by Seq. ID No. 1
in the Sequeile Listing; and (b) is a base sequence hybridizing with a
conpl ementary base sequence of the base sequence represented by Seq. ID No

1 in the %d4ueéfée Listing under a stringent condition 10 for encoding. 2.
A DNA having an am no acid sequence represented by (c) or (d) and that
encodes Sa pfdfeidkThavi ng D-hydant oi nase activity, wherein 1s (c) is the
am no aci d sequence represented by Seq. ID No. 2 in the Sequence Listing:
(d) is an atdldp RHevebasegpience-resulting fromthe substitution, deletion
insertion, addition or inversion of one or several amno acid residues in
the ami no acid 20 sequence represented by Seq. IDNo . 2 in the Sequence
Listing . 3. A reconbinant DNA resulting froma connection of a

<400> 2

Met Thr His Tyr Asp Leu Val Ile Arg Gly Gly Thr Val Ala Thr Ala

10 1 5 10 15

Ser Asp Cys Phe Arg Ala Asp Val Ala Val Thr Asp Gly Arg Ile Val

20 25 30

15 Ala Ile Gly Glu Asn Leu Gly Pro Ala Ala Arg Glu Ile Ser Ala Glu

35 40 45

Gly Arg Leu Val Leu Pro Gly Gly Val Asp Ser His Cys His Ile Glu

50 55 60
20
Glu Pro Gln Val Gly Glu Val Arg Asn Ala Glu Thr Phe Ala Ser Ala
65 70 75 80
Thr Ser Ser Ala Ala Ala Gly Gly Thr Thr Thr Val Ile Ser Phe Ser
25 85 90 95

62



DNA with a vector DNA, wherein the DNA having a base sequence represented
by (a) or 25 (b) and that encodes a protein having D hydantoi nase activity,
78 wherein (a) is the base sequence represented by Seq. ID No. 1 in the
Sequence Listing; and (b ) is a base sequence hybridizing with a
conpl ementary 5 base sequence of the base sequence represented by Seq. ID
No. 1 in the Sequence Listing under a stringent condition for encoding. 4.
The reconbi nant DNA according to claim3 wherein the 10 vector DNA is

5. A

derived froma pUC plasm d, pBR322 plasmd or a derivative thereof.
connection of a DNA with a vector DNA

reconbi nant RNA di@selit | fram ,
wherein 15 the DNA havi%g(;a{]%é?n%ﬁ& 26 hsEluémtderdpuesenteduby (c) or (d)
and that encodes a profgi n having D-hydantoi nase activity, wherein (c) is

t he ami no acid sequence represented by'®Beq. ID No. 2 inothe Sequence
Listing; 20 (d) is an amno acid sequence resulting fromthe substitution,
del etion, insertion, addition or inversion of one or several amno acid

residues g n the am no T%(r:ig sequence representedby Seq. IDNo. 2 in the
Sequence Listing: 25 9 Ala Leu Ile Asp Tyr Ser Phe His Leu Val val

115
120 125

Thr
Asp Pro Thr Asp Ala Val Leu Glu Glu Leu Val Pro Leu Ile Glu

130 135 140
10
Glu G1 i
Y His Arg Ser Leu Lys Ile Phe Met Thr Tyr Thr Asn Val val
145
150
155
160
Leu A
Sp Asp Glu Gln Thr Leu Arg Val Leu Ala Leu Ala Arg Lys Thr
15
165 170 17%

Gl i
Y Ala Leu Val Thr Val His Ala Glu Asn His Ala Ala Ile Met Tyr

180
185 190

20 Le
u Thr Arg Ala Leu Glu Lys Ala Gly Leu Thr Ala Pro Lys Tyr His

195
200 205

Ala T
rp Ala Lys Pro Met Pro val Glu Arqg Glu Ala Cys His Arg Ile

210
215 220

25

63



79 6. The reconbi nant DNA according to claim5 wherein the vector DNA is
derived froma pUC plasm d, pBR322 plasmd or a derivative thereof. 5 7. A
cell transformed with a reconbinant DNA resulting froma connection of a
DNA with a vector DNA, wherein the DNA having a base sequence represented
by (a) or (b) and that encodes a protein having D hydantoi nase activity,
wherein 10 (a) is the base sequence represented by Seq. ID No. 1 in the
Sequence Listjng. qand (b)) S & Pasq,seavence bl diZing wistfL.a
conplenentary‘%ase seguence of the Dase sequence represented by Seq. 1D No)
1 in the Sequence Listing under a stringent ndition 15 for, gncodi ng. 8.
The cell acca?%ing to claim 7 %herein the ce is derived from Escherichi a
coli. 20 9. Acell transforned with a reconbi nant DNA resulting froma
connection of a DNA with a vector DNA, wherein the DNA having an am no acid
sequence represented by (c) or (d) and that encodes a protein having

D- hydant oi nager §&t AR t§}0 Avepkd A1251e clejarat feg Al GO° 46F i Sefidence

represented by Seq. 80 ID No. 2 in the Sequence Listing;
5 245 250 255

Leu Lys Val Phe Gly Glu Thr Cys Pro Gln Tyr Leu Met Leu Thr Ala

260 265 270

10 Ala Asp Leu Asp Arg Pro Asp Phe Glu Gly Ala Lys Phe Leu Cys Ser

275 280 285

Pro Ala Pro Arg Thr Thr Ala Asp Gln Glu Ala Leu Trp Asp Tyr Ile

290 295 300
15
Arg Thr Gly Thr Ile Gly Val val Ser Ser Asp His Ala Pro Asn Arg
305 310 315 320
Phe Asp Asp Pro His Gly Lys Lys Val Gly Gly Val Asp Ala Pro Phe
20 325 330 335

Ser Ala Ile Pro Asn Gly Val Pro Gly Leu Ala Thr Arg Leu Pro Ile

340 345 350

25 Leu Phe Ser Glu Gly Val Val Lys Gly Arg Ile Asp Leu Asn Thr Phe

64



(d) is an am no acid sequence resulting fromthe substitution, deletion,
insertion, addition or inversion of one or several amno acid residues in
the am no acid 5 sequence represented by Seq. ID No. 2 in the Sequence
Listing. 10. The cell according to claim9 wherein the cell is derived from
Escherichia coli. 10 11 . A nethod for producing a protein having

D- hydant oi nase activity, the nmethod conprising: incubating a cell in a
culture medium and allow ng a protein having Dyhydantoi nase activity to be
accunmul ated in gaee or both of tR&%culture nmediumand the 15 cell, wherein
the cell to be incubated being transformed with a reconbi nant DNA resulting
froma connection of a DNA with a vector DNA wherein the DNA havi ng a base
sequence represented by (a) or 20 (b) and that ech%ggﬁ% protein having

D- hydant of nasg, aghi M-t y1a whenei rerpaiai byt ke BASE Seflience represented by
Seq. IDNo. 1 1n the Sequence Listing; and (b) is a base sequence

hybri di zi ng w&%h a conpl enentsagy 25 base sequdéhce of the base sequence
represented by Seq. ID 81 No. 1 in the Sequence Listing under a stringent
condition for encoding. 12 . A nethod for producing a protein having

D- hyda#t oi nase
e Ala Ile Trp

Il
Arg Lys Gly Thr Ile Ala Val Gly Ala Asp Ala Asp

390 395 400
385

is His Gl
Asp Pro Glu RArg Lys Val Thr Ile Arg Asn Asp Met Leu His %

410 415

-

10 405

\)al Asp ry]: Ttlr \}al Lyr Glu Gly Val GlLl Val Itlr Gly Trp Pro Ual

430
420 425

val Vval
15 Met Thr Leu Ser Arg Gly Glu Val val Tyr Asp ASp Gly Ala

445
435 440

Ala
o Gly His Gly Arg Phe Leu Ala Arg Gly Pro Tyr ASp

Gly Lys Pr
450 455 460
20
Thr Gl
Ile Lys Pro Arg Gly Arg His val Thr Pro Phe AsSp Pro Val y
e
470 475 480
465
Glu Val Glu Thr Ala
25 485

65



5 activity, the nethod conprising: incubating a cell in a culture nmedium
and allowi ng a protein having D hydantoi nase activity to be accunmulated in
one or both of the culture nediumand the cell, wherein 10 the cell to be
i ncubated being transformed with a reconbinant DNA resulting froma
connection of a DNA with a vector DNA, wherein the DNA having an amno acid
sequence represented by (c) or (d) and that encodes a protein having
D hydant oi nase 15 activity, wherein (c) is the am no acid sequence
represented by Seq. ID No. 2 in the Sequence Listing; (d) is an amino acid
sequence resulting fromthe substitution, deletion, insertion, addition or
i nversion 20 of one or several amno acid residues in the amno acid
sequence represented by Seq . IDNo . 2 in the Sequence Listing . 13. A
protein having an am no acid sequence represented by (a) or (b) and having
D- hydant oi nase activity, wherein 25 (a) is the am no acid sequence
repr esent ed<bio>Seq. 82 ID No. 2 in the Sequence Listing; and (b) is an
am no acid sequence resulting fromthe substitution, deletion, insertion,
addi tionsor <emeessi on of one or several am no acid residues in the amno
acid 5 sequence represented bySeq. ID No. 2 in the Sequence Listing.

<212> DNA

<213> Flavobacterium sp.

<220>
10 <221> CDS

<222> (1)..(912)

<400> 3

atg cca gga aag atc att ctc gcg gtg ggc cag ctt gga ccc atc gcc 48

15 Met Pro Gly Lys Ile Ile Leu Ala Val Gly Gln Leu Gly Pro Ile Ala

cgc agc gac agc cgc gaa cag gtg gtg aag cgg ctc gtc gac atg ctg 96
Arg Ser Asp Ser Arg Glu Gln Val Val Lys Arg Leu Val Asp Met Leu

20 20 25 30

gag gag gcc gcg gcc cge aat tecg gat ttc atc gtc ttt ccc gag ctg 144
Glu Glu Ala Ala Ala Arg Asn Ser Asp Phe Ile Val Phe Pro Glu Leu

35 40 45

25
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14. A method for producing N carbanyl-D amno acid, the nmethod conprising:
produci ng a protein having D hydantoi nase activity 10 by incubating a cel
in a culture medium and allowi ng a protein having D hydantoi nase activity
to be accunul ated in one or both of the culture nediumand the cell; and 15
produci ng N-carbanyl -D-am no acid by making the protein having

D- hydant oi nase activity react with a 5-substituted hydantoin, wherein the

cell to be i e ' rapsfar omd, w a in 2Lesulting
froma connec%gygﬁgo%ﬁg%ﬁt%\jtﬁﬁ J28 gg%véé({:% g?t Dﬁl%%%\%hnée%r e?‘a{r}ft ?%:%D%\IA Eg%/i ng a

D hydant of nact antt (i o BRLrer e 1 e B e aente Fogrbaent od by
Seq. ID No. 25 1J n the’Sequence5gisting; and 83 0 (b) is a base sequence
hybri di zing with 3 conpl ement ary "base sequence of*’t he” base sequence
represented by Seq. IDNo . 1 in the Sequence Listing under a stringent
condition for encoding. 5 15. The nmethod according to claim 14, wherein an
enzyme racem zing a 5-substituted hydantoin conmpound or a nateri al
cont ai ni ng t KEISHFEYIRY L5 ART OB PU0TIFealS CHf PHC 1958 FIstfis€9t GEed R$dant oi n

wher eby racem zing the 10 5-substituted hydantoi n conpound.
Leu Asp Ala Phe Tyr Glu Thr Glu Met Pro Ser Pro Val Thr Arg Pro

65 70 75 80

ctg ttc gag gcc gcc gcg aaa cac ggc gbtc ggg tte aat cte ggc ttc 288
10 Leu Phe Glu Ala Ala Ala Lys His Gly Val Gly Phe Asn Leu Gly Phe

85 90 95

gcg gag ctc gtg tcg gag gge ggc agg aag cgc cgc ttc aac acg tcc 336
Ala Glu Leu Val Ser Glu Gly Gly Arg Lys Arg Arg Phe Asn Thr Ser

15 100 105 110

atc gcc gtc gac agg acc ggc agg atc atc ggc aag tac cgc aag atc 384
Ile Ala Val Asp Arg Thr Gly Arg Ile Ile Gly Lys Tyr Arg Lys Ile
115 120 125
20
cat ctg ccg ggc cac aag gac tat gaa gac tac cgc ccg ttc cag cat 432
His Leu Pro Gly His Lys Asp Tyr Glu Asp Tyr Arg Pro Phe Gln His

130 135 140

25 ctg gag aag cgg tac ttc gag acc ggc aat ctc gga ttc ccg gtc tat 480
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16. A method for producing N carbanyl-D amno acid, the nmethod conprising:
produci ng a protein having D hydantoi nase activity 15 by incubating a cell
in a culture medium and allowi ng a protein having D hydantoi nase activity

to be accunul at ed

additi on or

10

15

20

25

tgg

Trp

tgc

Cys

gac

Asp

tac

Tyr

225

gaa

Glu

cecqg

Pro

ggc

Gly

cag

Gln

cag

Gln

ggc

Gly

in one or

gag

Glu

ggc

Gly

195

ctc

Leu

aac

Asn

tgc

Cys

acc

Thr

180

tac

Tyr

agc

Ser

ggt

Gly

atg

Met

tag

Trp

aac

Asn

tcc

Ser

gcg

Ala

ctg

Leu

both of the culture nmediumand the cell; and 20
produci ng N-carbanyl -D-am no acid by making the protein having
D- hydant oi nase activity react with a 5-substituted hydantoin,
cell to be incubated being transformed with a reconbi nant DNA resulting
from a connettd BH &F° 2TONATWEhCD5 Thr FeEtASP TINACIKWRRT &Fh Y84 "Y't he DNA
having an am no aci d sequence represented by (c) or (d) and that encodes a
protei n havi if D- hydant oi nas¥%ctivity, wher¥i®n (c) is the afi’no acid
sequence represented by Seq. 5 ID No. 2 in the Sequence Listing; (d) is an
am no aci d sequence resulting fromthe substitution,
i nversion of one or several
aci d sequenceada epr @senivedthyaaSegty b Nog t2ciqrct e Sequencegldssti gs 10 17.
The net hod according to claim 16, wherein an enzynme racem zing a

5- substi taut echvhydantpidiy corpousnde 061 @ MaBtreki Alle coNbai RERQch egenzyne i s
allowed to react with the 5-substituted hydantoin whereby racem zing the 15
5-substituted hydant oi n cg@pound.

cgc

Arg

acg

Thr

ttc

Phe

tgg

Trp

230

ctc

Leu

gtg atg

Val Met

ccg ctg

Pro Leu

200

cac cat

His His

215

acc gcc

Thr Ala

ggc cat

Gly His

ggt

Gly

185

cac

His

ctc

Leu

gga

Gly

tcc

Ser

am no acid residues

170

cte

Leu

aat

Asn

ctg

Leu

gcg

Ala

tgc

Cys

68

aag

Lys

ccg

Pro

tcg

Ser

ggc

Gly

235

atc

Ile

ggc

Gly

ccg

Pro

atg

Met

220

aagq

Lys

gtc

Val

gcg

Ala

gtg

Val

205

cag

Gln

gte

Val

gcg

Ala

del eti on,

gag

Glu

190

ccyg

Pro

gcg

Ala

999

Gly

cccC

Pro

175

ctg

Leu

cag

Gln

ggc

Gly

gtg

Val

acc

Thr

in

atc

Ile

cac

His

gcc

Ala

gag
Glu

240

999

Gly

wherein the

i nsertion,
t he am no

576

624

672

720

768



18. A nethod for producing D-am no acid conprising: producing a protein

havi ng D- hydant oi nase activity by 20 incubating a cell in a culture nmedium
and allowi ng a protein having D hydantoi nase activity to be accunmulated in
one or both of the culture nediumand the cell; and producing D am no acid

by maki ng the protein having 25 D hydantoi nase activity and an enzyne
hydr ol yzi ng an 85 N-car banyl -D-am no acid or a material containing the
enzyme react with a 5-substituted hydantoin, wherein the cell to be

i ncubat ed being transfordfed with a recorfbPnant DNA resul®®Png from a
connection of a DNAwth 5 a vector DNA, wherein the DNA having a base
sequence represented by (a) or (b) and that encodes a protein having

D hydant oi nase activity, wherein (a) is the base sequence represented by
Seq. | D No.9g&0ctt gec vhe Seqprensx Bfsrtagadadid ¢49) 9ts ac Fage9<Seqiiéhce
hybridi zing with a conpl enentary base sequence of the base sequence
represent edshyr8egla |rDa Negu Thri kst Ber SeguencisrLEst Valg Tdndér dastri ngent
condition for encoding. 15 19. The nmethod according to claim 18, wherein an
enzyme racem zi ng a Zssubstituted hydanatoin conmpound20¢ a nateri al

gct gcc gat ttt gcc cge tge cgg gaa atc cgc gag aac atc ttc aat 864

Ala Ala Asp Phe Ala Arg Cys Arg Glu Ile Arg Glu Asn Ile Phe Asn

275 280 285
10
ttc gag cag cat cgc gag ccg cag gaa tac ggg ttg atc gcc gcc gtc 912
Phe Glu Gln His Arg Glu Pro Gln Glu Tyr Gly Leu Ile Ala Ala Val
290 295 300
15 tga 915
<210> 4
<211> 304

20 <212> PRT

<213> Flavobacterium sp.

<400> 4

Met Pro Gly Lys Ile Ile Leu Ala Val Gly Gln Leu Gly Pro Ile Ala

25 1 5 10 15

69



containing the enzyne is allowed to react with the 5-substituted hydantoin
wher eby racem zing the 20 5-substituted hydantoin conpound. 20. A nethod
for producing D-am no acid conprising: producing a protein having

D- hydant oi nase activity by 25 incubating a cell in a culture nedium and 86
all owi ng a protein having D hydantoi nase activity to be accunul ated in one
or both of the culture nediumand the cell; and producing D-am no acid by

maki ng the protein having 5 D hydantoi nase activity and an enzyne
hydrol yzi ng an N-carbamyl-D-amno acid or a material containing the enzyne
react with a 5-substituted hydantoin, wherein the cell to be incubated
bei ng transfFNeEF &Fk F°5 FdcombfHane! BRA 1&sti% My YFt 8 d°Eolffecti on of a
DNA with 10 a vector DNA, wherein the DNA having an am no acid seqguence
represented by (c) or @8) and that encddes a protein ha% ng D hydantoi nase
activity, wherein (c) is the amno acid sequence represented by Seq. 15 ID
No. 2 in the Sequence Listing; (d) is an am no acid sequence resulting from
t he substitution, deletion, insertion, addition or inversion of one or
several d&m nelwacidArtesitdes Ay Bire sanmidso Bei UlesBguehee@re épresent ed by Seq.
ID No. 2 in the Sequence Listing . 20 21. The nethod according to claim 20,
wherein an enzyne ragem zing a 5-substituted hydante$n conpound or a
material containing the enzyne is allowed to react with the

Ala Leu Thr Thr Phe Phe Pro Arg Trp Tyr Phe Thr Asp Glu Ala Glu

50 55 60
10
Leu Asp Ala Phe Tyr Glu Thr Glu Met Pro Ser Pro Val Thr Arg Pro
65 70 75 80
Leu Phe Glu Ala Ala Ala Lys His Gly Val Gly Phe Asn Leu Gly Phe
15 85 90 95

Ala Glu Leu Val Ser Glu Gly Gly Arg Lys Arg Arg Phe Asn Thr Ser

100 105 110

20 Ile Ala Val Asp Arg Thr Gly Arg Ile Ile Gly Lys Tyr Arg Lys Ile

115 120 125

His Leu Pro Gly His Lys Asp Tyr Glu Asp Tyr Arg Pro Phe Gln His
130 135 140

25
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5-substituted hydantoi n whereby racem zing the 25 5-substituted hydantoin
conpound. 87 22. A DNA having a base sequence represented by (a) or (b)
and that encodes a protein having D carbanyl ase activity, wherein (a) is

t he base sequence represented by Seq. ID No. 5 3 in the Sequence Listing;
and (b) is a base sequence hybridizing with a conpl enentary base sequence

of the base sequence represented by Seq. I D No. in the Sequence Listing
under a stringent condition

3
. 10 23. A DNA having an %ginglggid seqguence

repr esent ed LBy GER)LYSrAEdTYTaRle CAATIENTIIRE 52hFPoY €' H&vithg B car banyl ase
activity, wherein (c) is the amno acid sequence represented by Seq. |ID No.
4 in the Sedéence Listing; aR¥ 15 (d) is an'amino acid sequéhte resulting
fromthe substitution, deletion, insertion, addition or inversion of one or
several amno acid residues in the am no acid sequence represented by Seq.
IDNo. 4 in the Sequence Listing. 20 24. A reconbinant DNA resulting froma
connecti on ofuaaDMArPwWsivhPize eetier DNAetwhier éin CyhdsPNEPh2RA AFY a base

sequence represented by (a) or (b) and that encodes a protein having

D carbanyl ase activity, wherein 25 (a) i%7¢he base sequehte represented by
Seq. I D No.

Trp Pro Glu Thr Trp Arg Val Met Gly Leu Lys Gly Ala Glu Leu Ile

180 185 190

10 Cys Gly Gly Tyr Asn Thr Pro Leu His Asn Pro Pro Val Pro Gln His

195 200 205

Asp Gln Leu Ser Ser Phe His His Leu Leu Ser Met Gln Ala Gly Ala

210 215 220
15
Tyr Gln Asn Gly Ala Trp Thr Ala Gly Ala Gly Lys Val Gly Val Glu
225 230 235 240
Glu Gly Cys Met Leu Leu Gly His Ser Cys Ile Val Ala Pro Thr Gly
20 245 250 255

Glu Leu Ala Ala Leu Thr Asn Thr Leu Glu Asp Glu Val Ile Thr Ala

260 265 270

25 Ala Ala Asp Phe Ala Arg Cys Arg Glu Ile Arg Glu Asn Ile Phe Asn

71



88 3 in the Sequence Listing; and (b) is a base sequence hybridizing with
a conpl enentary base sequence of the base sequence represented by Seq. ID
No 3 in the Sequence Listing under a stringent condition 5 25. The
reconbi nant DNA according to claim 24, wherein the vector DNA is derived
froma pUC plasm d, pBR322 plasmd or a derivative thereof. 10 26. A
reconbi nant DNA resulting froma connection of a DNA with a vector DNA
wherein the DNA havi g an am no aci%msequence repreﬁgnted by (c) or (d) and
t hat encodes a protein having D carbamnyl ase activity, wherein 15 (c) is the
am no aci d sequence represented by Seq. ID No. 4 in the Sequence Listing;
and (d) is an am no acid sequence resulting fromthe substitution,

del etion, insertion, addition or inversion of one or several am no acid
resi dues in tthe @i #ie &t 4 26 8 &daeticeCtepresént’sd by Beq™a B*No. 4 in the
Sequence Listing. 27. The reconbi nant DNA according to claim26, wherein

the vector DNA i¥% erived from &°UC pl asnid, pBR822 plasnid or a

derivativg t her eof .

10

15

20

25

<210> §
<211> 4054
<212> DNA

<213>

<400> 5

gatcggccege

actggcgccg

gggcaccagce

cgcctatgtg

cgacgacaag

ggaatatgcc

acagccgcga

attcggattt

tcaccgacga

gccegetgtt

tcgtgtcgga

gcaggatcat

25 89

gcgetgatgt

ctcgtecgtgce

atcgtgctgg

ctcgaaaccg

gtcaagcaac

aggaaagatc

acaggtggtg

catcgtcttt

ggcggaactg

cgaggcegcee

gggcggcagg

cggcaagtac

Flavobacterium sp.

cgaagccgeg

gcgacatcgce

tcgagcagaa

ggcgcatcgyg

tctatctcgg

attctcgecgg

aagcggctcyg

ccecgagcetgyg

gacgcgttct

gcgaaacacyg

aagcgccgcet

cgcaagatcce

ccttcectgcett

ccgtctcgtce

ttcgcgcatg

tctcgaagga

cggttgaggce

tgggccagcet

tcgacatgcet

cgctgaccac

acgagacgga

gcgtcgggtt

tcaacacgtc

atctgcecggyg

72

ctcgacgaac

acggagatca

gcgctgcgca

gcctcgecaga

tcecgggaaag

tggacccatc

ggaggaggcc

cttctteccce

aatgccgagc

caatctcgge

catcgccgtc

ccacaaggac

cctcgctggg

accgggagca

tcagccgata

gcctcctcga

gaaaaggaga

gcccgcageg

gcggceccgca

cgctggtatt

ccggtgacac

ttcgcggagce

gacaggaccyg

tatgaagact

60

120

180

240

300

360

420

480

540

600

660

720



28. Acell transfornmed with a reconbinant DNA resulting froma connection
of a DNA with a vector DNA, wherein the DNA having a base sequence
represented by (a) or (b) and that encodes a protein having D carbanyl ase
activity, 5 wherein (a) is the base sequence represented by Seq. ID No. 3
in the Sequence Listing; and (b) is a base sequence hybridizing with a
conpl ementary base sequence of the base sequence represented by Seq. 1D 10
No. 3 in the e ' he, cel |
according to §§&%§&%8C&\ﬁk%1“c&gn&t%%§5c gltl'mtL g?% \;:S &grt%)ém qa‘%g?cﬁ%hl a coli.
15 30. A cell transfor econmbi n resultin

connecti on of “& "BRE wi C‘fq%g é,Yzlvec agal:’ﬁ%& ﬁ%g‘r‘aetFENtA gﬁﬁﬁ?%a%tﬁaccéf‘ﬁ %W no acid
sequence represented b g%h or (d) and that encodes a protein having

D- car bany!| as8Y & PUA% §9° HeIEY G992 IHE> A Af 95 dt%"é‘dﬁ%ﬁ%em

represented by Seq. and (d) is an am no

addi ti on or

sever al

| D No. 4 |n t he Sequence LIStIn%
aci d sequencEITESUTTY R IFFHHHIt HE3UBST i 1GE I ORI FEF Lt

i nversi on of one or am no acid residues

FOif ctrrseriatont?
in the am no

aci d 25 sequERECREST BEESHEREChIRISEREILY FIRBIACAIF (FITHEISEARINEEII99sEI28g. 90

31. The cell

according to claim 30, wherein the cel

Escheri chi a ¢to¢dggaagy ctgcatgctg ctcggccatt cctgcatcgt

10

15

20

25

ccgcgcetcac

gccgggaaat

ggttgatcgce

cctgtgggag

ggagggagac

gcgtcgecga

gctgcggetyg

aatacccgct

tcgatggttt

ccgcgctctyg

aaacggcggc

cggcggtygeg

atctcaccca

gcaaggaaag

atttcgtgga

ccaccgggge

tcagtttcgyg

aatcggcgac

gcgacgggct

caacacgctg

ccgcgagaac

cgccgtctga

gcggaacggg

catgcgegeg

gctgcccgeg

caacttcgcc

cgttcceggt

tgccgteggce

cgcecgttgeg

agccttcctc

accgggtgag

gctcgcegtg

gcgggcgcetce

ggagatcggc

gacgatcctc

cgaggccgag

cttcacgcgce

gcgceccttacc

gaggacgagg

atcttcaatt

gcggcgcgge

caaggcatgc

atcctgectgg

ccggtecgegg

gacacgatga

ttcgagatcg

gaccgggtagg

gcggacggtg

atccaggcgce

gtcgtcctga

caggccggag

gattatggcg

cgcttecctga

gaccgtagct

ggccgecegce

ttccatctecyg

cttgccgecg

tcatcacggc

tcgagcagca

tccatacaat

ccgccggaca

atcagcccgg

ggcgcggaga

tgcggcgcgg

tgggccgggt

cgggctatgc

ccgttegect

agacggcctg

tccacgccat

ccgtcecgttgt

caagcctcgt

acgggcgcgg

ttgcgctect

tcgacaatct

gccatctcga

tcgcggacgg

73

cgcgcececace

cgctgccgat

tcgcgagcecg

catgatgccc

tacggcgggce

cgaagccgec

actcgtcgte

tacctatccg

gacggcggtc

cgagtcggge

tceccgattec

gcatctgctg

cggcggeggt

cggtaccgtc

cgtcaaccgce

cgtcgacagg

gcgcccgcete

ctgggcgcegy

tttecgcegeyg

tacgcttcgce

ggggagcttyg

tttgccecget

caggaatacg

gagccgccectt

ggaggagaaa

ggcctgttgc

gcggtegect

catccgaagc

ggtgcgggcyg

ggcggetttg

gttccectteg

cataccgtct

gtcgggetcet

ggcacggccg

gcggaggctg

atttacgatt

ggccagatcg

ctggtggaga

caagcctggce

gtgccggtcg

is derived from

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220



32 A nmet hod for producing a protein having D-carbanylase 5 activity, the
nmet hod conprising: incubating a cell in a culture nmedium and allow ng a
protein having D-carbanyl ase activity to be accumul ated in one or both of
the culture nmediumand the cell, wherein 10 the cell to be incubated being
transfornmed with a reconbi nant DNA resulting froma connection of a DNA
with a vector DNA, wherein the DNA having a base sequence represented by

(a) or (b )_and.that odg§ca roteln Yi .ca nyl ase activpty, 15
wherein (a) 7 gc%tﬁégbtatsetctsgqueﬁ angegp Jc]ggb g§egcgaf [Ecﬁlogcaf%g? (L
Sequence Li Sttl n £ |ts a base set uence hé/bl’tl d| Zi ng )
conplenenta?? MY §%ﬁ & 6? 1178* Base* SEGUENCE T EPFest nf%ﬁaﬁz 38y. 1D 20

No. 3 in the Sequence Li sti ng under a strln ent condltlon 33. nethod for
produci ng a*'@roi&h ar‘f&?/'iﬁ’?(jgbcéé?%é?ﬂﬂ Sgﬁacé%‘?‘igvf‘iaﬁggctgﬁ% tr?éffrﬂ‘f&t%(?ﬁfﬁl si ng:
incubating a cell in a culture medium and 25 allow ng a protein having

D- car bany| a¥¥ 983§ ttycI0 9 It aRTATAEEd FTPIeFE2BrtBetdIcot AL cul ture
medi um and the cell, wherein the cell to be incubated being transforned

Wi th a rPecofAsTREATET DA Ftequt 99 PRE IE E TN T BC L OATREC EFITRITIE L IDNK SRR E 7520

tgccatatcg aggagccgca ggtcggcgag gtgcgcaacg cggaaacctt cgccteccgec 2580

10

15

20

25

acctcttcgg
ggcggcggea
gactattcct
ccgctgatcg
ctcgacgacg
acggtgcatg
gggctcaccyg
tgccaccgcea
tcecggggegg
ggceagacct
gagggtgcga
tgggactata
ttcgacgatc
aacggcgtgce
gggcgcatcg
ggcctgcatc

gatcccgagce

gtctacgagqg’

gtctatgatg

cggccgcgygg

tcaccgaggc

tccatctcgt

aggaagggca

agcagacgct

ccgagaacca

ccccgaagta

tcatcatgct

aggcggccga

gcccgecaata

aattcctgtyg

tccgcacggg

cgcacggcaa

cggggctyggce

acctcaacac

ccagaaaggg

gcaaggtgac

gcgtcgaggt

acggcgcggt

cggcacgacg

cctgcgecgac

cgtgaccgat

ccggtcgetyg

gcgcgtgctg

tgccgcgatce

ccacgcctgg

ctccgaactyg

ggaaatccgc

tctgatgctyg

cagcccegeyg

aacgatcggg

gaaggtcggce

gacgcgcectyg

cttcgtcgeg

caccatcgcce

gatccgcaac

gaccggatgg

ggtcggcaag

acggtcattt

tatcacgaga

cccacggatg

aagatcttca

gcgctcgcece

atgtacctca

gccaagceca

ctggatgtte

cgcgcgeaga

acggcggcgg

ccgcgcacga

gtcgtgtcgt

ggggtggacg

ccgatcetgt

ctgacggcgg

gtcggagceg

gacatgctgc

ccggtgatga

ccgggtcacyg

74

ccttctcectceca

aggcgacccyg

cggtgctgga

tgacctatac

gcaagaccgg

cgegtgectt

tgccggtgga

ccattcagat

atcgcggect

atctcgaccg

cggccgatca

ccgaccacgce

cgcceccttcag

tttccgaagg

ccaatccggce

atgcggatat

atcacggcgt

cgctectegeg

ggcgcttcct

gcaggtgaaa

cgcgetgatce

ggaactggtyg

caatgtcgtg

cgctctecgtce

ggaaaaggcc

acgggaggcc

cttccacgtt

caaggtctte

gccggatttce

ggaagccctyg

gccgaaccegce

cgccattcecg

ggtcgtcaag

gaagctcttt

cgcgatctgg

cgactacacg

cggcgaggtg

tgcccgeggt

2640

2700

2760

2820

2880

23940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720



5 a vector DNA, wherein the DNA having an am no acid sequence represented
by (c) or (d) and that encodes a protein having D carbanyl ase activity,
wherein (c) is the am no acid sequence represented by Seq. 10 ID No. 4 in

t he Sequence Listing; and (d) is an am no acid sequence resulting fromthe
substitution, deletion, insertion, addition or inversion of one or several
amno acid residues in the am no acid sequence represented bySeq. ID No. 4
in the Sequence Listing. 15 34. A protein having an am no aci d sequence
represented B5°CaY*Gr C{BFHTa HAGT 176 9D-Caf WaRYT §§%t°§é‘f‘i°\/?ﬁ?a°i‘/ﬁ‘i’ér3elaﬁ (a) is
the am no acid sequence represented by Seq. ID No. 4 in the Sequence

Li sting; and92T¢8)2% SIKATEII N IARTIY2S SGERTACEIT S4UIPPHY FHGAT tdre 3840
substitution, deletion, insertion, addition or inversion of one or several
am no acid res¢aetaecsati nqatcnetﬁm mca@iadc SEQUREICEY cepreaserit edFchyISeqisoPD No. 4
in the Sequence Listing. 25 92 35. A nethod for producing D am no acid,

t he net hod caopiccsiqagtcprodyci trgcacqrotabiudeayd rgtDacarabamgkasatazisovi ty by
i ncubating a cell in a culture nmedium and 5 allowi ng a protein having
D-car barry!B aS@acgaggcgg tcagtgcgct cggcgtgectc gacgaagtgc gcaagggaaa ggcggaagga 4020

tgcgacggct atcttatcgc ctgcttcgac gatc 4054

<210> 6
10 <211> 30
<212> DNA

<213> Artificial Sequence

<220>

15 <223> Description of Artificial Sequence: primer 6

<400> 6

cgctctagat agccggagct gataccatga 30

20
<210> 7
<211> 29
<212> DNA

<213> Artificial Sequence

25

75



activity to be accunul ated in one or both of the culture nmedium and the
cell; and producing D-am no acid by nmaking the protein having D carbanyl ase
activity react with an N-carbanylam no acid, 10 wherein the cell to be

i ncubated being transformed with a reconbinant DNA resulting froma
connection of a DNA with a vector DNA wherein the DNA having a base
sequence represented by (a) or 15 (b) and that encodes a protein having

D carbanyl ase activity, wherein (a) is the base seqguence represented by
Seq. I D No. 3% % the Sequence Listing; and (b) is a base sequence
hybridizing wth a conplenentary 20 base sequence of the base sequence
represented B¥2BedesqrpPNG® & PACifhel Setf@fee  LPSPhY under a stringent
condition. 36. The nethod according to claim35, wherein an enzyne

racem zing a 5-substituted hydantoin conmpound or a material 25 containing
the enzyne is allowed to react with the 93  5-substituted hydantoin

wher eby racemazing the 5-substituted hydantoin conpound. 37. A nethod for
produci ng D-am no acid, the method 5 conprising: producing a protein having
D- car banybaseqgagddgcytt yedpyrcbapubadticngaa cell in a culture medium and
allowing a protein having D-carbanyl ase activity to be accunulated in one
or both of the culture 10 nedium and the cell; and producing D-am no acid
by maki ng the protein having

<210> 8
<211> 29

10 <212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: primers8
15

<400> 8

cgcgaattct atctcggcgg ttgaggcetce 29

20 <210> 9
<211> 28
<212> DNA

213> Artificral Sequence

25 <220>

76



D- carbanyl ase activity react with an N carbanyl amno acid, wherein the cell
to be incubated being transforned with a 15 reconbinant DNA resulting from
a- connection of a DNA with a vector DNA wherein the DNA having an am no
aci d sequence represented by (c) or (d) and that encodes a protein having
D car banyl ase activity, wherein 20 (c) is the am no acid sequence
represented by Seq. 1D No. 4 in the Sequence Listing; and (d) is an am no
acid sequence resulting fromthe substitution, deletion, insertion,
addition or invemssaripoion0be MREiSeVEr akqaicao pathador esi dues in the am no
acid 25 sequéence represented by Seq. ID No. 4 in the Sequence Listing. 94
38. The nethod according to claim37, wherein an enzyne racem zi ng
ab-substituted hydantoin conpound ora material containing the enzyne is
allowed to reaes with the 5-substituted hydantoi n whereby racem zing the 5
5-substituted hydantoi n conmpound. 39. A nmethod for producing D amno acid,
the nmethod ¢ isl.ng: ci.n rotei n having D carbanyl ase tivity by
10 incubatiﬁ%qg&%g%P%Fﬁﬂgggﬁ1fﬂ%@gﬁgdiun1 and allowi ng a protein%%aving
D-carbanglase activity to be accunulated in one or both of the culture
medi um and the cell; and producing D-am no acid by making the protein
havi ng 15 D-carbanyl ase activity and an enzyne hydrolyzing a 5-substituted
hydantoin or a nmaterial containing the enzynme react with a 5-substituted
hydant oi n, wherein the cell to be incubated being transforned with a

We hereby identify the following five deposits under the Budapest Treaty:

Depository Authority

International Patent Organism Depository (IPOD), National Institute of Advanced Industrial
Science and Technology (AIST), Japan

AIST Tsukuba City, Central 6, 1-1 Higashi 1- chome, Tsukuba-shi, Ibaraki-ken 305-8566, Japan

Bacteria Strain No. Deposit No. Date of Deposit
Flavobacterium sp. AJ11199 FERM BP-8063 May 30, 2002
Aureobacterium liquefaciens ~ AJ3912 FERM BP-7643 June 27, 2001
Microbacterium liquefaciens  AJ3912 FERM BP-7643 June 27, 2001
Pseudomonas hydantoinophilum AJ11220 FERM-BP-7645 June 27, 2001
Agrobacterium sp. . - AJ11220 FERM-BP-7645 June 27, 2001
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reconmbi nant DNA resulting froma connection of a DNA with 20 a vector DNA,
wherein the DNA having a base sequence represented by (a) or (b) and that
encodes a protein having D carbanyl ase activity, wherein (a) is the base

sequence represented by Seq. ID No. 25 3 in the Sequence Listing;, and 95

(b) is a base sequence hybridizing wwth a conpl enentary base sequence of

t he base sequence represented by Seq. ID No. 3 in the Sequence Listing

under a strggggni cgzglgggn. 5 40. The nethod according to claim 39,

wherei n an S ' 5-substituted hydantoi n conpound or a
material containing the enzyne is allowed to react with the 5-substituted
hydant oi n wher eby* r n@%Vhégtﬁeb§§§uﬁ§ﬂ%qR?§i%&ﬂ%ﬁf%?ﬁeéoﬁﬁodﬁd.OfO 41. A

met hod for Froducing D-ami no acid, the nethod conprising: producin
protein hav

a
b apdddidapprasie saxpProtey nhia v hedPativeqg i cle1as¢ ack l(Yt:}I%tYur e
medi um and 15 allow ng a protein having D carbanyl ase activity to be
accunul at edvhihr@rens or both of the culture nediumand the cell; and
produci ng D-am no acid by maki ng the protein having D carbanyl ase activity
and an énzynme hydta) yzs ntha 120s&- sedpsentet edphpdantt@idch byr Sa gqratlér iNal.
contai ning the enzyne react with a 5-substituted hydantoin, wherein the
cell to be intwbahedskeurgds anssorngd whtth a reconbi nant DNA resul ting
froma connection of a DNA with
(b)isabasesequencehybrid;zingwithacomplementary
base sequence of the base sequence represented by Seq. ID
No. 1 in the Sequence Listing under a stringent condition

10 for encoding.

2. A DNA having an amino acid sequence represented by
(c) or (d) and that encodes a protein having D-hydantoinase
activity, wherein
15 (c) i1s the amino acid sequence represented by Seq.
ID No. 2 in the Sequence Listing;
(d) 1is an amino acid sequence resulting from the
substitution, deletion, insertion, addition or inversion
of one or several amino acid residues in the amino acid

20 sequencerepresentedbySeqg. IDNo. 2in the Sequence Listing.

3. A recombinant DNA resulting from a connection of a
DNA with a vector DNA, wherein
the DNA having a base sequence represented by (a) or

25 (b) and that encodes aproteinhavingD-hydantoinase activity,

78



a vector DNA, wherein 25 the DNA having an am no acid sequence represented
by 96 (c) or (d) and that encodes a protein having D carbanyl ase
activity, wherein (c) is the am no acid sequence represented by Seq. |ID No.
4 in the Sequence Listing; and 5 (d) is an am no acid sequence resulting
fromthe substitution, deletion, insertion, addition or inversion of one or
several amno acid residues in the am no acid sequence represented by Seq.
IDNo. 4 in the Sequence Listing. 10 42. The nethod according to claim4l,
wherein an enZyfk®t+8ceni zing a 5-substituted hydantoin conpound or a
material containing the enzynme is allowed to react with the 5-substituted
hydant oi n wher eby r&®kent ZitRe thSS-SEBLEREEt EAPRFIRRTSh PdomsdundP %943, A
met hod for producing D-am no acid, the method conprising: producing a
protein having Prhiaanfeangse adtistiyIbyard i ncubating a first cell in a
first culture medium and allowi ng a protein having D hydantoi nase activity
to be accunul ated ifo}t he & bast saduanee hydinidiamidiovithe ¢omplenenitary
wherein 25 the first cell to be incubated being transformed 97 with a
first reconbivant DNfueessal bEnghérbasa senneaticomepresented by Seq. ID

No. 1 in the Sequence Listing under a stringent condition

for encoding.

4, The recombinant DNA according to claim 3 wherein the
10 vector DNA is derived from a pUC plasmid, pBR322 plasmid

or a derivative thereof.

5. A recombinant DNA resulting from a connection of a
DNA with a vector DNA, wherein

15 the DNA having an amino acid sequence represented by
(c) or (d) and that encodes a protein having D-hydantoinase
activity, wherein

(c) is the amino acid sequence represented by Seq.

ID No. 2 in the Sequence Listing;

20 (d) is an amino acid sequence resulting from the
substitution, deletion, insertion, addition or inversion
of one or several amino acid residues in the amino acid

sequence representedby Seq. IDNo. 2 in the Sequence Listing.

25

79



of afirst DNAwith a first vector DNA, wherein the first DNA having a base
sequence represented by (a) or (b) and that encodes a protein having

D hydant oi nase 5 activity, wherein (a) is the base sequence represented by
Seq. ID No. 1 in the Sequence Listing; and (b) is a base sequence

hybridi zing with a conpl enentary basesequence ofthebasesequencer epresent ed
10 by Seqg. ID No. 1 in the Sequence Listing under a stringent condition for
encodi ng; praoducing _a protein having D carbanyl ase activity by incubating a
second cell ©n a sg@&néleEGWP&P@%@%@rTﬁ%R&%%FI%Wﬁ(jma5p‘f%?é?hnh%}i}?ng
D-carbanyl ase activity to be accunulated in the second cul ture nedi um
and/ or the s¥€SH®LCANA ItheatveRel 5eBoAdPEE| PLlEgMEE /i pEvE % dbled igld
transforned with a second reconbi nant DNA resulting froma connection 20 of

a second DNAowi teh de sietnhdveethoredbiiA, wherein the second DNA having a base
sequence represented by (a) or (b) and that encodes a protein having
D-carbanyl ase activity, wherein (a) is the base sequence represented by
Seq. ID No. 25 3 in the Sequence Listing; and 98 (b) is a base sequence
hybri di zimng wi.t h aancespllereanafy dase wieduenee cimid e ba s s esprnceing
represented by Seq. ID No. 3 in the Sequence Listing under a stringent
condition; amkGom a connection of a DNA with a vector DNA, wherein
the DNA having a base sequence represented by (a) or
(b) and that encodes aproteinhavingD-hydantoinase activity,
wherein
10 (a) i1s the base sequence represented by Seq. ID No.
1 in the Sequence Listing; and
(b) isabase sequence hybridizingwith acomplementary
base sequence of the base sequence represented by Seq. ID

No. 1 in the Sequence Listing under a stringent condition

15 for encoding.

8. The cell according to claim 7 wherein the cell is

derived from Escherichia coli.

20 9. A cell transformed with a recombinant DNA resulting
from a connection of a DNA with a vector DNA, wherein
the DNA having an amino acid sequence represented by
(c) or (d) and that encodes a protein having D-hydantoinase
activity, wherein

25 (c) is the amino acid sequence represented by Seq.
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5 producing D-amno acid by making the protein having D hydantoi nase
activity and the protein having D carbanyl ase activity react with a
5-substituted hydantoin. 10 44. The nethod according to claim43, wherein
an enzyme racem zing a 5-substituted hydantoin conpound or a materi al
containing the enzyne is allowed to react with the 5-substituted hydantoin
wher eby racem zing the 5-substituted hydantoin conpound. 15 45. A nethod
for producing D-am no acid, the nethod conprising: producing a protein

havi ng D-hydgﬂ%dﬁhas% h@th?tﬁe&VQﬂquﬁiégﬁ?ﬁg afirst cell in a first

cul ture nedium and allow ng a protein having D hydantoinase activity to be
accunul ated in the rstsScaht @itRdPGH arfEBIeiHe FREYLtdE  Ixpmr EPE 25
the first cell to be incubated being transforned 99 wth a first

recombi nant DNPTesUEiag, f dekrdioonndatsieoit iogina Fd¢sEi oNAOw tAVArFiipst
vector DNA, wherein the first DNA having a base sequence represented by (a)
or (b) and thef @neodessavpratleiamitayiagi® hgdadueisndse thacamvnpyacaker ei n
(a) is the base sequence represented by Seq. ID No. 1 in the Sequence

Li sting; and ddnuérscea repse ssaguehbe Jepr [0iING NP ind tlne 8 eqopleanBibalyg.
basesequenceoft he basesequence represented 10 by Seq. ID No. 1 in the
Sequence Listing under a stringent condition for encoding; producing a
protei n having D-carbanyl ase activity by incubating a second cell in a

second cul turie medityg @l 15cabrewinRg 2 PE DA ehnohavieR@ i caibasyl ases

derived from Escherichia coli.

10 11. Amethod for producing a protein having D-hydantoinase
activity, the method comprising:
incubating a cell in a culture medium; and
allowing a protein having D-hydantoinase activity to
be accumulated in one or both of the culture medium and the
15 «cell, wherein
the cell to be incubated being transformed with a
recombinant DNA resulting from a connection of a DNA with
a vector DNA, wherein
the DNA having a base sequence represented by (a) or
20 (b) and that encodes aproteinhavingD~-hydantoinase activity,
wherein
{(a)} i1s the base sequence represented by Seq. ID No.
1 in the Sequence Listing; and
(b) is abase sequence hybridizingwith acomplementary

25 Dbase sequence of the base sequence represented by Seq. ID
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activity to be accunul ated in the second cul ture nedi um and/ or the second
cell, wherein the second cell to be incubated being trans fornmed with a
second reconbi nant DNA resulting froma connection 20 of a second DNA with
a second vector DNA, wherein the second DNA having an am no acid sequence
represented by (c) or (d) and that encodes a protein having D carbanyl ase
activity, wherein (c) is the am no acid sequence represented by 25 Seq. ID

No. 4 in the,Seque ce d s an no_aci uence
resul ting froﬁltg e % Sncg L t|oﬁfq%ﬁ%%?%i3%Tl%ﬁFQFéﬁ”59 nYer si on
of one or several aC|d re5|dues in the am no acid sequence

repr esent ed SQrS§&CQ4;W% 4 in the Sequence 5 Listing; and producing
D-amino acid by making the protein having D hydantoi nase activity and the
prot ei n havi ng D-carbanylase activity react with a 5-substituted hydantoin.
10 46. The nethod according to claim45, wherein an enzyne racem zing a

5- subst i t ut ed2hydafts Hhed amﬁowcanﬁe&mpapl@ofm\amwg Ry rRimeses
allowed to react with the 5-substituted hydantoin whereby racem zing the 15
5- subst i tut edciyiddritioi tkonpetindd 4PmpAigEmtd for producing D-amino acid,

t he nethod conprising: producing a protein having D hydantoi nase activity
20 by incubating aihicudtatdeld d ncalli ist accalfldue emenidimmandndl | owi ng a
protei n havi ng D-hydant oi nase activity to be accunulated in the first

cul ture nedi um andaonoZfrnghe proseiachdvimher-eiypddftointBe dcestriegl toto be
i ncubat ed bei ng transfornmed

be accumulated in one or both of the culture medium and the
cell, wherein
10 the cell to be incubated being transformed with a
recombinant DNA resulting from a connection of a DNA with
a vector DNA, wherein
the DNA having an amino acid sequence represented by
(c) or (d) and that encodes a protein having D~hydantoinase
15 activity, wherein
(c) is the amino acid sequence represented by Seq.
ID No. 2 in the Sequence Listing:
(d) is an amino acid sequence resulting from the
substitution, deletion, insertion, addition or inversion
20 of one or several amino acid residues in the amino acid

sequence representedby Seq. IDNo. 2in the Sequence Listing.

13. A protein having an amino acid sequence represented
by (a) or (b) and having D-hydantoinase activity, wherein

25 (a) is the amino acid sequence represented by Seq.
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with a first reconbinant DNA resulting froma connection of a first DNA
with a first vector DNA, wherein the first DNA having an am no acid
sequence 5 represented by (c) or (d) and that encodes a protein having

D- hydant oi nase activity, wherein (c) is the am no acid sequence represented
by Seq. ID No. 2 in the Sequence Listing; (d) is an am no acid sequence
resulting from10 the substitution, deletion, insertion, addition or

i nversi on of g%or ?evergk agi no acid resjdues indﬁhe am no acid sequence
repr esent ed Y. 1 D" Rothe2 SRS et RILi &fCng; producing a protein
havi ng D-carbanyl ase activity by 15 incybating a second _cell in a second
culture medium and 2|1 bW AY éﬁ%Qﬁe?ﬁl A S B car bR ASE Tct TPt Vo be

accunul ated in the second culture nedium and/or the second cell, wherein 20
the second céuP il HetifBubdeéatBorng ivs@isTt ettt hianseEohdvVeE8dRPI nant
DNA resulting froma connection of a second DNA wth a second vector DNA

wher ei n the sEcoke DNA BRESKaH igidibazeldelyaendeesepresem egnbyo( aridr (b)
and that encodes a protein having 25 D-carbanyl ase activity, wherein 102
(a) is thée basarsmmrenep regmrasEhbgd dyy. BBdlo | DiNot h8 Siemquehne eSeyatnog .
Listing; and (b) is a base sequence hybridizing with a conplenentary base
sequence of the base sequence represented by Seq. ID5 No. 3 in the
Sequence Listing under a stringent condition; and
14. A method for producing N-carbamyl-D-amino acid, the
method comprising:
producing a protein having D-hydantoinase activity
10 by
incubating a cell in a culture medium; and
allowing a protein having D-hydantoinase
activity to be accumulated in one or both of the culture
medium and the cell; and
15 producing N-carbamyl-D-amino acid by making the
protein having D-hydantoinase activity react with a
S-substituted hydantoin, wherein
the cell to be incubated being transformed with a
recombinant DNA resulting from a connection of a DNA with
20 a vector DNA, wherein
the DNA having a base sequence represented by (a) or
(b) and that encodes aproteinhavingD-hydantoinase activity,
wherein

(a) is the base sequence represented by Seq. ID No.

25 1 in the Sequence Listing; and
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produci ng D-am no acid by making the protein having D hydantoi nase activity
and the protein having D carbanyl ase activity react with a 5-substituted 10
hydant oin. 48. The method according to claim47, wherein an enzyne

racem zing a 5-substituted hydantoin conpound or a material containing the
enzynme is allowed to react with the 15 5-substituted hydantoi n whereby
racem zing the 5-substituted hydantoin conpound. 49. A nethod for producing

D-am no acid, the ri sjng. r. A r.of. ej '

D- hydant oi nase ac&%??%dgig/g;g%ce@ﬁlaeu negagb%lr s%clcr{e?w%fcﬁ aaéﬁlgégﬁéhlm‘t%tf e

medi um and_allow ng a protejin having D hydantoi nase 25 activity t e

Rocumil a o3 3e (Rare fef’ Chr thr PHRA R RALEGRG: 283 coonksY Hab bl 1D

wherein the first, cell to be incubated being transfornmed with g .fi.rst

reconbi nantNONA Ads (S FFFUDH S ohhetdi BRABE A FFFSRIBRA GPRRLELOM st

vector DNA, wherein 5 the first DNA having an am no acid sequence

represent e ®y ¢@§08in@d) and that encodes a protein having D hydantoi nase

activity, wherein (c) is the am no acid sequence represented by Seq. |ID No.

2 in thé Sequence Listing; 10 (d) is an anmino acid sequence resulting from

the substitution, deletion, insertion, addition or inversion of one or

several amIm. acithe esdtthiesd daacthdiagi ho atadmséduerbe regpr esertnegmey Seq.

ID No. 2 in the Sequence Listing; 15 producing a protein having

D- car bany| asecaai £ vhtyya by subcuhatiu ted & ysieeord i ebinpioural second tewlitadr e

medi um and allowi ng a protein having D carbanylase activity to be

accumul at eccdritc & hei 6COBRe CUdh tiyRe Meds ura Podad/ ofo t hesecond tael lkhenherein
5-substituted hydantoin whereby racemizing the

10 5-substituted hydantoin compound.

16. A method for producing N-carbamyl-D-amino acid, the
method comprising:
producing a protein having D-hydantoinase activity
15 by
incubating a cell in a culture medium; and
allowing a protein having D-hydantoinase
activity to be accumulated in one or both of the culture
medium and the cell; and
20 producing N-carbamyl-D-aminoc acid by making the
protein having D-hydantoinase activity react with a
S-substituted hydantoin, wherein
the cell to be incubated being transformed with a
recombinant DNA resulting from a connection of a DNA with

25 a vector DNA, wherein
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the second cell to be incubated being transfornmed with a second reconbi nant
DNA resulting froma connection of a second DNA with a second vector DNA
wherein the second DNA having an ami no acid sequence 25 represented by (c)
or (d) and that encodes a protein having 104 D car banyl ase activity,
wherein (c) is the amno acid sequence represented by Seq. ID No. 4 in the
Sequence Listing; and (d) is an am no acid sequence resulting from5 the
substitution, delekhgn

iLon on. oL one ever al
am no acid residues I'n Dlt\lhe am Iljig %%lacfgsﬁeéc)]u%%lc(g rée1 lr%ex?éér)lt eog%es%%g No. 4
in the Seque Lis rodu0|n D-am no, a n the roteln
havi ng 10D Redat i hase GERRY F9CRREY: R TR s R At hG By e
activity react with a 5- substltuted hydantoin. 50. The method accordlng to
clai m 49, wheF&iy &y edBY4eeiB raceni zing a 5-substituted hydantoin
conpound or a material containing the enzyne is allowed to react with the
5-substituted hydah€oi i Switdee il e £ nge HRENSEs HBPTESRTEE hybant o n
conmpound. 10S
. ALh, . Ah.A. AUDANOAAZ An A he@hSaguancal TASWIAR(; . ALA, . ALA?. Al y. Ah?. Af;
Yy. AUy. AL. ly. AfF. A{F. A'F. A, N3. A'y. ASAY. AL. e. A{ Yy. AS(l e. A9. 2. A{e. AYy. Af(ly. A

yF. ALR A . ASR AhY. Ad) Az AR A&l nde . 331 & ReAGIER Ay | £e 291 bidge fA . tiPe AsYy.
AfYy. Ase. A?. A9?. ASy. AH, . ASHR A, . Al y. A5 2. AR AyH

?2.A?. Ay. AHsuB3tAZ AR AL R de 1 &L 1 4R, ARRsAT i) A1 ASAR ASUR AP de. AR A
h,. AR A . A N?. A?. A?. A?. A?. A, . AS(, . Ah. A&A, . A A

?. A AR Au, . AZrAGHARYTZd vded ] RiRd hvwalah]K £ad cahes] e8] eakcaltals at£al cal c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa!;

n2j !' vy ence representedby 2 in the Sequence Listing
i ] O xsnid_ Z]]cq]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] cg ca] ca] ca] ca] ca]c<a]caJcajcalOPU > WX s

17. The method according to claim 16, wherein an enzyme
racemizing a 5-substituted hydantoin compound or a material
containing the enzyme 1is allowed to react with the
S-substituted hydantoin whereby racemizing the

15 5-substituted hydantoin compound.

18. A method for producing D-amino acid comprising:
producing a protein having D-hydantoinase activity
by
20 incubating a cell in a culture medium; and
allowing a protein having D-hydantoinase
activity to be accumulated in one or both of the culture
medium and the cell; and
producing D-amino acid by making the protein having

25 D-hydantoinase activity and an enzyme hydrolyzing an
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medium and the cell; and

producing D-amino acid by making the protein having

5 D-hydantoinase activity and an enzyme hydrolyzing an
N-carbamyl-D-amino acid or a material containing the enzyme
react with a 5-substituted hydantoin, wherein

the cell to be incubated being transformed with a
recombinant DNA resulting from a connection of a DNA with

10 a vector DNA, wherein

the DNA having an amino acid sequence represented by
(c) or (d) and that encodes a protein having D-hydantoinase
activity, wherein

(c) is the amino acid sequence represented by Seq.

15 ID No. 2 in the Sequence Listing;

(d) is an amino acid sequence resulting from the
substitution, deletion, insertion, addition or inversion
of one or several amino acid residues in the amino acid
sequence representedby Seq. IDNo. 2in the Sequence Listing.

20
21. The method according to claim 20, wherein an enzyme
racemizing a 5-substituted hydantoin compound or a material
containing the enzyme 1is allowed to react with the
5-substituted hydantoin whereby racemizing the

25 5S5-substituted hydantoin compound.
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10 23. A DNA having an amino acid sequence represented by
(c) or (d) and that encodes a protein having D-carbamylase
activity, wherein

(c) is the amino acid sequence represented by Seq.
ID No. 4 in the Sequence Listing; and

15 (d) is an amino acid sequence resulting from the
substitution, deletion, insertion, addition or inversion
of one or several amino acid residues in the amino acid

sequence representedby Seq. IDNo. 4 in the Sequence Listing.

20 24. A recombinant DNA resulting from a connection of a
DNA with a vector DNA, wherein
the DNA having a base sequence represented by (a) or
(b) and that encodes aproteinhavingD-carbamylaseactivity,
wherein

25 (a) is the base sequence represented by Seqg. ID No.
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10H .
DNA with a vector DNA, wherein

the DNA having an amino acid sequence represented by
(c) or (d) and that encodes a protein having D-carbamylase
activity, wherein
15 (c) is the amino acid sequence represented by Seq.
ID No. 4 in the Sequence Listing; and
(d) is an amino acid sequence resulting from the
substitution, deletion, insertion, addition or inversion
of one or several amino acid residues in the amino acid

20 sequence representedbySeq. IDNo. 4inthe Sequence Listing.

27. The recombinant DNA according to claim 26, wherein
the vector DNA is derived from a pUC plasmid, pBR322 plasmid
or a derivative thereof.

25
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greln

base sequence of the base sequence represented by Seq. ID

10 No. 3 in the Sequence Listing under a stringent condition.

29. The cell according to claim 28, wherein the cell is

derived from Escherichia coli.

15  30. A cell transformed with a recombinant DNA resulting
from a connection of a DNA with a vector DNA, wherein
the DNA having an amino acid sequence represented by
(c) or (d) and that encodes a protein having D-carbamylase
activity, wherein
20 (c) is the amino acid sequence represented by Seq.
ID No. 4 in the Sequence Listing; and
(d) is an amino acid sequence resulting from the
substitution, deletion, insertion, addition or inversion
of one or several amino acid residues in the amino acid

25 sequence representedbySeq. IDNo. 4in the Sequence Listing.
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25 allowing a protein having D-carbamylase activity to
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M 10% & ()- y 10% &rp)iuormglaw&owlmoly@vyrlgy@"ga_nlysmylaﬁ@wgty&l(:y by

89" 10%8" y & () iN[:vU410 y& 10% & ()- y z 10% & ()- "10% & ()-

\"10% "1 & ()- yz 10% & ()incydpatlWeR { )ceZlpif: aUsnl tune, TkaMDDE: (3nd*z
10% & ()- yf& 10% & ()- L$"10% & ()- yF'z 10% & ()- y, 10% & ()-p|[:-410"
T 10% & (5- &9"10% &' () - adyolAWR' (3- Py ol (havOhglO®W-&abamylase

& "10% & ()-UbA410" F'10% & ()- vy S 10% & ()- y- 10% & ()- 10% & ()-
y10% & () - 10'at@ iy A e yedthi&atrd Y8 0% & poth' ¥R )culytiSre
109% & ()- YFS 10% & ()- f,z 10% & ()-.@n}|[: A410" (10%! & ()-
1109 & () - HelOU Aid)thd 40%b b&a()- !110% & ()-2

1110% ! r& ()-2z7| obU410 10% & ()-10"10"10" L< 10% & ()- L510% & () -
510068 ()~ U 10% Gk AP Lk i 109 0o d VR o i 1000 06
G'10% & () - yglOA) @ 10% &

& 71098 (- Dl%%%@%%ge A 5@6%%58‘}%F%‘?%%f%l@%ﬁ%‘“a%lo

&$" 10%&15) E367| [ -410" L; 109% & ()- 999"10% & ()- 37S 10% & ()- ,5S
109% & ()~ i‘ﬁv;ézrt 1109 & () - 789qYbA410" 9m 109&" && () -

. g
1098 && , 109&,&& () 098 && 0" 10" Y? A410
Y109&" &&(%) %@owghﬁ&‘%ll %g, PBogIgs (6‘)teCEJ Beinge; é%‘(s%or‘“ﬁ%/ ! 9

109&" &&' ()-J| [ : A410" 109" && 0%&R" &8 $" 109" &

109&" &&' () - rf@“%@@)@%%‘ RyA r%%u%mg&&r pyp.a- C?‘[“(l%\ﬁ‘iemsoﬁy 1‘6&% ‘&&t?)

@BS 10%&" & ()- SO- 109&"&& ()- ."109%&"&& ()- ,-109%&" & ()- @ 10%&"&& () -

p vU410 y 10% q9Lof LiHRe VPRI EBR 8108" 810&8" & ; 10%&"&& ()- 99" 109&" && ()-
SF7f 109&"&& ()- 3k|[: VU410 & 10% & ()- f 10% & ()- f 10% & ()- S

1098 & ()- Z"10% & (he DNBoAavingoey pagesIequenceoipgRrepentegody () &r
10% & ()- 9s$s10% & ()- f f 10% & ()- 3z 10% & ()-%Bg !|[:-410" s;

10% & ()15L99bl08s&'thpt 18-Ades & K)ot &b bEVE Q) D-ea0beRY(pse activity,

0f 1098 & ()-!"#\ -bA410" z10% Wf& ()- 10% %f& ()- z 106 Bf& ()- z
109 9% f & () - whehO994 f & ()-10"10"-aE| [: A410" 3z 10% % f& ()- ,"10%6 % f& ()-
Z 10%6%f& ()- z 106%F& ()- g 106 %W F& ()- LI0Y% W& ()-4m[: Ad10" (f
109 W& ()- & 10996 fi& he OBt dd -rdp S 408 8ET By (3eql @ No.
10% % f& ()- LS 10%%f& ()- Z D/ [: A410" 5f 10% %f& ()- 2f 10% % f& ()- Of
10% % f & () - 3 "iHDUW1e f &e Qlencg 19%cHr S (Ang *f 10% % T & () - D vU410 Sly
10% & ()- S3y 10% & ()-10f % f10f % f10f98f ;10% % f& ()- &9"10% W f& ()-

7t 10% % f & iSe Do 9’
10968 (). Sy(lz)%& (()[b)VLS?%)OolO%/? %Q{)@e&c(e)ﬁybﬂ@cﬁ% by S ;&%@r%iémeﬁ?&éry

TR o A L AV 05;&9{§:x%ge>b T
1‘11(‘) A)lg%fg 0)- %\11010&%& %?LE#%N%@%%%Q@B%E &rﬁ;‘ﬁ\%ﬁ %%E co}i%%g}/g & -

@0% & ()- f&f 10& ()- ff 10%& ()- ff 10%& ()-=},|[: NAG1010 y*g
10% & ()- (T 10%&() y&g 109 & ()- $"10% & ()- yl"S 10% & ()- ff f

1096 & NA4 010 71 10% & 5@ 10% 0g 109 & () -
" 10% E&)() Rﬁﬁ[z 109% @e‘\)v‘?fgﬂ‘%?%g%%&t?)cﬁg%y %Lg()&h%%gf‘? gﬁzm‘elo(
L; 109% & ()- 99"10% & ()- L60o|[:vU4l0 yS 10% & () 10%
109 & () - T FRAMY 1093 Do & )tlt%efbée’éap)t%ﬂ fow@y@d%am@ggrg?l 1" T
104 & ()- f g 10%& ()- "@10% & ()- YS 10% & ()- 109 & () - E~#X| [ : vU410
5°10% & @? o tapoAns the nzvnes &f()ﬂll*csvelcb%t& ()rﬁa(cg: 1098 (Fheg,
109% & () - X~+vU410 f 10%s2#s& ()- |z 10%s2#s& ()-10"10"10" *;10% & ()-
999"10% & ()- 37109 & ()-+_I|[:vU410 , L0¥s2#s& ()- f 109%2#s& ()- S
10%s2#s& ()- G 10%s2#s&' () -



f 10%82#s& ()- f 10%s2#s& ()-+@|[:vU410 ys$"10%s2#s& ()- Y'10%s2#s& ()-

910%s2#s& ()- S 10%s2#s& ()- y"10%s2#s& ()- f

10%2#s& () -aE) v' R 10%62#s& ()-Vv' R 10%62#s& ()-' T\P!I v' R 10%2#s& ()-Vv' R 10%

S2#s& ()-Vv' RI10%s2#s& () - y&l0%s2#s& ()-m

U # K vy RU10%s2#s& () - TVPLY' RI10%2#s& () -v' R 109%62#s& () -Vv' R 10%2#s& ()

' T\PLV' RE10%82#S & () #XYZ[] i1+ T\P! -v' Rl 10%:2#5& ()-Vv' R 109%2#s& ()-Vv' R
10%s2#s& () - T\P!-v' R 109%62#s& () V' R 10%2#s &' z{nN. v' R 10%2#s& ()-V
'R 10% 2#s &' %759*39@@0;&#%& (}yagpprdnR) 10‘%9#@ Y() TV FEABYEDRY 8 ()U\ﬁ Rl 10%

s2#s& () -1 PAV' R 109%62#s& () -v' R 109%624s& ()-' T\P! v' RI10%2#s& ()-v' R 10%s2#

s& ()-v' Rl 10%2#@&te)wt€n P edeiyt RN 098PREZTA).- ' T\ Pl v' R 10%2#s& () -Vv' R 10%

S2#s& ()-V' RI10%2#s& ()-(' T\P!v' R 10%s2#s& () -

NNO' T\P! v' Rl 109%2#s& ()-V' Rl 109%2#s& ()-V' RI10%2#s& ()-' T\Pl v' R 10%2#s&' (

)-v' RI10%s2#s& ()- 'E}uh[:' T yy 10%@5' @ () - RLO#' 10#10#& y; 10%#&' () -

ySy810%+& () 37y 618%E tHod/' RbtOYsb&E {hg+id{amind Tayfi d0UBE GRle(Dhd yf
109@5' @ ()- yF'10%@5' @& ()- y y 10%@5' @ ()- yf 10%@G' @& ()- yf

10%@5' @'Y ) - Bomplriblingt yS f 10%@5' @ ()-R yLf 10%@5 @ ()- y

109%4@5' @& () - y9, " 10%@5 @ ()- yl0%as' @ ()- y@10%@E' @ ()-mb|[:h[:"Ty,f
10%a5" @ () -R y* Yfg&/@c@g(é‘pﬂdtl@f/@@lddﬂ-ﬁ’aﬁ [ #Be (Activity by

yL310%a5' @' ()- yY'y 10%@5 @ ()-W[:h[:'T y 99"10%a>' @ ()-R y7z

1095 @ () - ysSz 10%@3 @h&ﬁlba}fgﬁ 1%%@@1@‘ J(r) aygﬁ{l’ég?{@n@ﬂﬁﬁ and

yL. " 109%@5' @ () - y f 10% 4" 0% 4"- & () - y10% 4"- & () -

& 105 4n- Q&"?Byf@?o %‘% gy yyo %&%ﬂ““s% 7 105tarogmsLass
e ‘1‘00/5‘4“&&1%"51%% ol Fcpd it %X&%sy%%“bf@h(%fyw FalEyze
Yovear g6 g2 é&u%oo%ké“ £ 9f3%f8?éﬁ‘ “&yoyf 0 e ) e v

10% & () - os310% g) S3100& )-.10-4"-10-4" 4 (%1 10% 4" - & ( f%)ﬁ

yf3M 10% ! - & () - Y"B u%&lgy v F“flnfo@f)‘s&d()by 9@3‘3%’0 & @ro%é’f HBE () -
ys3F"' 10% & (% y10% & ()- yS@O0% & ()-v6| &10% - yf#z

109 & ()- yfl SCMW&Y(l)aS%@G%l&zJ(t)y r921:(§%f&tb)an ;Dé§farmwimwmﬂy y&<
10% & ()-- y&10% & ()-- yy7g 10% & ()-- y/ 110% & ()-- yf, 10%& ()-S-!yf,
10% & ()- SSHABIELny yF 10% g# & ()- y f 10% g# & ()- yf 10% g# & ()- ylz
10% g# & ()- y 10% g# & ()-10" 10"1eD|[: A410" yIS 10% g# & () -

yS'10% g# & ()- y98he0%egd &d )be yigeobhgrusging 1028 gsTarppd yhith a
10% g# & ()-Dfo?|[: A410" y* 10%g# & ()-° 0@z 10% & ()- @&z 10%@#& ()-
y#$ 10% g# &reromp itRMtyHNE (KeswiIL0G off &h (3 -Yrinehdt { oMdD"a DNA with
F/10% g# & ()- yF-10% g# & ()- yF +10% g# & ()- y* 10% g# & ()-° y*

10% g# & ()-a yeckd gz (Whe2¢thmw sW410"F/ 10% g# & () - F/ 10% g#" & () -;
F/10% g# & ()-F/10% g# & ()-; F/ 10% g# & () -]} xX@10";

F/ 10% 9# & ()-F 10%1§#Dm(ﬁavfﬁ§0&ﬁ gi%nﬁﬁ&)&ﬂd—@@cﬂfér&é)re;ﬂ%&iﬂ-@dlk@y S
10% & () - Y510%& ()-F/10% g# & ()-: F/ 10% g# & ()-F/ 10% g# & ()-8] 00N-5 g

10%! & () - W@E&(&% and t]k%/@'e%c@des&alg%%'tﬁl(ﬁ hatQ% & @ar:ba@lase
10%1 & ()-10"0g \ OT 1o%el & (- 3T 10%1 &) le%>'&
10%! & () -

T.1Q0 & 10%! & 5100/(>I&
of &10%! & ()ia%gs{?ﬁ /@Igf;?%@@ @(ﬁ)%gl&[() @8 10%! & 8 /|(#|[ -

10%1 & (3B TAVURCY TOMETE By oM & B R TORRPE ol s

10%! & 910 =E$| [ "X 1 10%. '10%)&
109 & 8 n{dlu’mg?’& (45)1“ | %f )lenc§ togue i‘g(m P [ vus ()@1009« & ()- %
10%<C& () - #S 109%< % ()_ e?nlgrﬁn% (3c1d sequenc(e> resui’tlng( )from the

substitution, deletion, insertion, addition or inversion
of one or several amino acid residues in the amino acid

25 sequence representedby Seq. IDNo. 4 in the Sequence Listing.
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V| [:vU4  yF4-#10%" & ()- ,2S 10%" & ()- &0- 10%"& ()- .S 10%"& ()- ,S
109K" & ()- y)"109K" & ()-Az}~ vU4 z 10%! & ()- @ 10%! & () - 10K" 10K" 10K"
109K" & ()- 8S 109K'& ()- 6@10%K"& ()- YT/ |[:vU4 Lz 10%! & ()-
s,"10%! & ()- - 10%!& ()- Cg 10%!& ()- G'10%!& ()- g 10%!& ()-/ | }
Ch[:vUa x."109@>12& ()- ,g 10%!& ()- (g 10%!& ()- 9y&10%! & ()-
s$10%! & ()- |"T 10%! & () RVU4 SS 109 & ()- S 109 & ()-10>! 10>! 10>!

109%1 & ()- 910%! & 0% & 0% & f109% &
f109% &'( % ) -j%%q@ 10R% ﬁ)%‘&’g%}ngf FB 6%1“%6“( ;’4 %eFFlng)iﬁl e@”ﬂ?ﬂ/é 2&' () -
P- 109 ()- P-  10%A& g 109 & ()- $108 & ()- "3 10% & () - +4hA410!
P, SLO% () ra%%%l&@t@ p@%’)f@%&gat(e)d e pphpolnd oF 4 mathrial

10%! & ()-10! 10! 47KT| [: A410! yL-M 109%! & ()- PL$: ! 10%& ()- L$:!10%! & ()-
9P10%T&' () -CAMDAIRIQY- @510%@7&‘;’«\9‘» ki { |3 d0 tDwregqy - ¥ 0¥NEOX!  s;

5-substituted hydantoin whereby racemizing the

5 5-substituted hydantoin compound.

39. A method for producing D-amino acid, the method
comprising:
producing a protein having D-carbamylase activity by
10 incubating a cell in a culture medium; and
allowing a protein having D-carbamylase
activity to be accumulated in one or both of the culture
medium and the cell; and
producing D-amino acid by making the protein having
15 D-carbamylase activity and an enzyme hydrolyzing a
5-substituted hydantoin or amaterial containing the enzyme
react with a 5-substituted hydantoin, wherein
the cell to be incubated being transformed with a
recombinant DNA resulting from a connection of a DNA with
20 a vector DNA, wherein
the DNA having a base sequence represented by (a) or
(b) and that encodes aproteinhavingD-carbamylaseactivity,
wherein
(a) is the base sequence represented by Seq. ID No.

25 3 in the Sequence Listing; and
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10%! & ()- P @9! 1098 ()- "~ @9 10%x! T& ()- PL-M 10%& ()- &2|[:bU410
_PSO!109%&' ()- S9!10%"& ()- PLOY%MXn& ()- 10%"& ()- s10%"& ()- P10%

& ()-2M|[:bU410 3 7310%"& ()- 210%"& ()- Pf*& 109%& () -

f*& 10947"1& ()- PSI"9! 1090N& ()- ySI"9!10%" & ()-yvU410 )9 10%!. & ()-
P10%& ()- 10%8! S& ()-107"107"107" ;109" & ()- f910%"& ()-2A|[:vU410
@10%8! S& ()- P '1109%8uS& ()- '!'10% & ()- P :110% & ()- f :110%8! S& ()- P9
1098 ()-Xd|[:-410S!I'S &< 1098! S& ()- 99! 10%8! S& ()- PS 110%& ()- S

11098! S& () - / 10¥8(s8iE)a bap@siovee iye yliosl sinesdithosgenplemnentary
S3110% A" 1& ()- P 109 ()- 10%"& ()- 4

109" & () - 1052 S 08 QuEhLE: A410BESbAsk]1 ¢ &N rREGEMSGTEEd )by SPWT R () -
f$10%" & ()- PGLOY%66& ()- GLO%"& ()-hkl m~vU410 s& 10% & () -

S310% ! - & ()NAO0"3 HOA( 'the 'S egl@ft e 1(i)st iinyd- Unt¥6 'a&s€xringent condition.

i Pf.1109%& ()-*6][:vU410 PSF10%% ()- SF10%!-& ()- f10%!-& ()-

PSSY10%&' ()- SSY10%!-& ()- Ps& 10% -& ()-6Sc|[:vU410 "9 10%!-& ()- yS5G

10%!-8& ()- P-1109%& ()- ~-110%!-& ()- _P$! 10%sus& ()- $!10%!-& ()-vU410
10% ! f& (5 - £010%+h& fdtndQ%EESr@int0tls £0-35ml B9, wie % lar¥ dn)zyme
&S510% ! -& ()-- v I1|[:vUdi0o .10%!f& ()- q*GLOAR'& ()- s$10%4 & ()- +L

10 & () Lor T TN TH10R 1 > G {3 E Bty P oo dh d Relderian

’18521??/6&;! 0- (%?Igf%/%ﬁ"%%??'- F?%%%E%V?%PE %Lii%"??%%i?i{%%%t s A TR
)1 %%'1608};!( ?::&'1 ;’Sg‘p%ﬁ)g}&;}}j}%&ﬁ : (xLﬁ%ﬁath%fé’%/é ! Pg&%ébg’zsgg%??‘&i%}9%10%‘}&3 & ()-

<fy 108 & ()- ,10%!-& ()- z S310% & ()-K 8' v410 *41098" & () -
f FL09B" & ()-%OWéié-l!t-uf@ﬂ? -hkgéife%w&c%’g"Po&@%g% 1-& ()- vy3
108 & ()-8 :"""9Qt((|][:vU410 %W 3109B"& ()- $1098" & () - 1098" & () -
kyL1098"& ()-M 41098" & ()- s1098" & ()-(().)1)2)3)4)<)]|obUsl0
, 1098! S& ()-108"108"108" ; 1098"& ()- pY7 1098"& ()- 131098" & () -
.1098" & () - <R K) A ~eHebUies READYELSE D=amEsq oesdd(;) - tise 10%8eq) -
, -1098! S& ()- PL1OY! <& ()- L10%0<& ()-)*)***<+E+|[: bWAL10 sl 710%8! S& () -
S&310%8! S&' (FomprisduBUs&’ ()- * 1094 & ()- yP' 10%& ()- k"
10%8! S& () - EXtH+K+L+M+N+++a, vU410 109 & () - gP1lO%& () -
1092 & () - 10S! S10H&L08ESnE; a POt S8h (Hav gd (BIS&{)ybase ,aetiyityWmo
(1092 & ()-q Psf 91109 ()- sf 91109%Q $& ()- G &L! 10%&' () -
~ &L110%Q2 & ()- P 10% - & figubat#ng a ddil 40Q ¢l0¥EX& @edd @M 1090 & () -
PO10%& ()- 0109 & ()- s. 109 & ()- P(10%=e& ()-../P///f0uObA410Q
PY' 1 10%15 & ()- Y' !110% & ()ow?Rg 1Q0BES&ctrin MWeing (b=carbamylase
@10%!-& ()-10Q 10Q u001111 2| F: A410Q /:110%!-& ()- PS&L0%&' () -
S&10% ! - & () ac1Q%ly &d e RRAQU(AteS1006 bn&' b)- pQRA232222MB\WMALA, &
10%™ Y& ()- F10%"y& ()-10-!-10-!-10-!- <

medium and the cell; and

producing D-amino acid by making the protein having
D-carbamylase activity and an enzyme hydrolyzing a
20 5-substituted hydantoin or amaterial containing the enzyme
react with a 5-substituted hydantoin, wherein
the cell to be incubated being transformed with a
recombinant DNA resulting from a connection of a DNA with
a vector DNA, wherein

25 the DNA having an amino acid sequence represented by
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10%!-& ()- ~069!110%!-& ()-: P/:!110%& ()-MB[3333r4~4|[:vU410
Pl 10%0>08 ()- |10%"y& ()- f10%"y& ()- P, 109%& ()- ,10%"y& ()- P&
10%y& ()-~4444444] [ vU410 SS510%"y& ()- P/ 10% & ()- / 10% y& ()-
@10%"y& ()- @10%"y& ()- $10%"y& ()-4555555f55vU410 10% & () -
"@10% & ()-10y"yl0y"ylOy"y ; 10%"y& ()- Y8GLOW"y& ()-
aF710%" y& ()-5551 66607|[: VU410 & 10%W & ()- y(310% & ()- p"10% & () -
f3109% & ()- f109% & ()- UuS3F10%i! u& ()-07| 7777777#8vU410 - 910%!-& () -
S310% ! - & () -1 AF 160 andobfat(§rcpdgsodsRreyein, B3 poF P FaRRERE g
9]199|[:vU410 t,10%!-& ()- f&F10%!-& ()- $10%!-& ()- )S F10%! & ()-
@0% ! -& ()- A BIHy & FRegede @ A B: C O | obU410
LGLO%! & ()-10-!-10-1-10-!- 9; 10%!-& ()- 9910%!-& ()- @ 10%!-& ()-
y&3310% ! - & () -0 ::ta) dg: @mlmlnow%d&s@)}ueme T0FRS FRLEY- bRLSeq.
109 ()- L 10%F& ()- sl0%!& ()- 3310%! & ()-
<=. >1>2>3>4>|[INATL010ei 10€he0Se quet%e! 8L $3ing; " ‘ahﬂiO%a! & ()-f
P " 110%e! P& ()-f P " 110%e! F& ()-f p " 110% & ()-f4>7>>>?2W?| [ : NA41010
F10%!-& 6)- F10%(d)& {3- aBlMWhind aridCl¥Ghet¢) rekslQ%ilngg {Yyomf the
10% ! - & ()-??/ @ @ANA| [ : NAA1010 F110%!-& ()- @10%!-& ()- &F10%!-& ()-
F10% !-& ()- Sulf%itdt{dn, ' d8%eki&n() LNV BBB| {a 816400 F1A%eLs&ol) -
& 10%!-& ()- $F10%!-& ()- |"F10%!-& ()- f F10%!-& ()-
F10% ! - & () -FAB&KD] £l Eehe4EA1 Urpil96 4 8t ( e s340%d -i& (dne 09h1R% 2&1i() -
.F10%!-& ()- ,F10%!'-& ()- *FlO%'- () DD/ EOELE2ESE| EEVU410 GL0% & () -
I10%5 & ()- é@{gncg‘r@%@rje%en db Ig%ﬂfp%l :Lrl&tl(lé'Se Ué}l/@e L%s@ln%
FQFFF&GNG [ vU410 GL0% =% &% - 110% 2
Gl0% & ()- GlO% & ()- nGGGBHHHI|[ vU410 "F10% &() f 310% &()-
“Gl0% & () FIl10%H & ()- @l0% & ()- &GlO% & ()-1711163}3J|[:vULal10
.310% * F10% &.10% & ()-
$F10% g" 4ﬁ<RKKOK:{Le( E’)G‘L‘{l%‘f(f %ﬁ%ﬁ%l“glég Cié ‘{(iw%ﬁlégﬁeln&a(‘) enzZ¥HeI 09s
& ()- 5F10% & ()-. 3F10% 08 10% & ()-*LLLL [: NA41010 _Ps
109 & ()- Ps THF& 15295 16%’& tut\?‘c%é&?&%“ 99.“[‘6%‘1%% amaterial
<109% & ()-*MM MVM N6N| [ : NA41010 (109 & ()-s $10% & ()- P310% & ()-
310% & ()- DHIVERIRIDT" 1908 & %f}ZszWNLﬂQW‘fveOlG@@_@lo%l&f() the
PS5, 10% & ()- S5, 10%& ()- 3110% & ()- & 10% & () - o
*T109% & () - NNNNRMRARY B T8 d1 004 ey dantabng & Whexalpy, racemizing  the

5-substituted hydantoin compound.
15
43 . A method for producing D-~amino acid, the method
comprising:
producing a protein having D-hydantoinase activity
by
20 incubating a first cell in a first culture
medium; and
allowing a protein having D-hydantoinase
activity tobe accumulated in the first culture mediumand/or
the first cell, wherein

25 the first cell to be incubatedbeing transformed
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& ()-10!10!'10! ,& 1098 & ()- L; 10% & ()-NOOOBOTOpQ [:vU410 9$10% & () -
10% & ()- 108 & ()- & S10WB & ()- S10W & ()- Y10 & ()-pOxOOO0OO] [: vU410
L9109 & ()- S510%W & ()- 9310 & ()- L.10%!'{& ()- ( 10W & ()-
&10% & () - O000000PPVYU410 S 109 & ()- f, 109Q & ()- 10!10!10! ; 10U & ()-
S&(109% & () - &10% & () - P>PAPPP Q Q(Z9vU410 !10%) & ()- !10%m& () -
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*f 10086 & ()-0 Cy(10986 & ()-" C&3109%6 & ()- Cy$ 1096 & ()-° 1094 & ()-

'y - 109%86& ()- UVLV\/V\/V\I’ka\yUés thel HBEDWERuéhee TEPELGUWHIE by Seq.
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is the base sequence represented by Seq. ID No.

carbaé%lase Y

25 3 1in the Sequence Listing; and
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“10% !t & @] 10% ) t & 2X 10% !
72" 0% 11 AEF VI LT DetpRTuER 5 E SO TR 1 £y L bR A e s/ 02
" @10% !t & ( Sfl[ vU410 © “y0S 10%!t& ()-° "."10% !t & ()-
‘y,10% !t & (}he 1(15%t'tc&’1(])r- WIppe1pos 1t & ()- f&f 10%!t& ()-( | obUs10 " ff

10% 't & ()-10t!t10t!t10t!t & 10%!t& ()- "L910% !'t& ()- "y5- 10%!t& ()-
"y3g 1093t & ()-Hr|[:bustle fl@l@%lltleche lmsu@ed;/@dtk@{r)qtra@rsfmm&cﬁ& ()-

109% !t & ()- 10%!t& ()- "SMIO% ! t& ()-3>p|[:bUA10 ° ~"10%!t& ()-  f
MLO% It & ()-° “fsf 109%1t& ()- “YL0% !t&)- f10% !t& ()- " Vaf
10% !t & ()-6>r|[:bUA10 * */"10% !t& ()- ~,10% !t& ()-° " y*10% !t& ()-

(10% 1t& ()- f& 10%!t& ()- "$"10%'t& ()-A | 0bU410 S

10% !t & ()-10t!t10t!t10t!t° & 10%'t& ()- L9"10%'t& ()- ,5T
10% !t & ()- "yl@10% !t & ()- BvEa{Z9ObU410 “fnl0%!t& ()- f3S 10%!t& ()-
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f 10%!t& ()- f 10%!t& ()-a G|[:bW10 “y& 10%!t& ()- ~$"10% !t & ()-
U109 1t & ()- f 109 !t& ()- f- 10%!t& ()- “110%!t& ()-1:|[:bu4lo

Y79 10%!'t& ()- ° 1T 10%!'t& ()- 1T 10%t& ()- ‘/"109&!t&f&)-
Ty-10% 't & ()- "4(, 10%!'t& ()-"#SWWI0 T T 10% K" & ()- g 10% K" & ()-
g 10% K" & ()-10t!t10t!t10t!t " & 10%!'t& ()- " "9"10%!'t& ()-Q :{Z9vU410
T -10% K" & ()- "Yg 10% K' & ()- "SS'10% K' & ()-'3g 10%UU& ()- g 10% K"
& ()- 10%K' & ()-:@|[:vWal0 "y/10% K" & ()- T, f 10% K" & ()- ,*10% K"
& ()- " (f1o%ikh a firs recombinant DNA resulting from a connection
of a first DNA with a first wvector DNA, wherein
the first DNA having a base sequence represented
by (a) or (b) and that encodes aproteinhaving D-hydantoinase
5 activity, wherein
{a) is the base sequence represented by Seq.
ID No. 1 in the Sequence Listing; and
(b) 1s a base sequence hybridizing with a
complementarybase sequence of the base sequence represented
10 by Seq. ID No. 1 in the Sequence Listing under a stringent
condition for encoding;
producing a protein having D-carbamylase activity by
incubating a second cell in a second culture
medium; and
15 allowing a protein having D-carbamylase
activity to be accumulated in the second culture medium
and/or the second cell, wherein
the secondcell tobe incubatedbeingtransformed
with a second recombinant DNA resulting from a connection
20 of a second DNA with a second vector DNA, wherein
the second DNA having an amino acid sequence
represented by (c) or (d) and that encodes a protein having
D-carbamylase activity, wherein

(c) is the amino acid sequence represented by

25 Seq. ID No. 4 in the Sequence Listing; and
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& ()- f""10%"& ()- “f""10% K" & ()-Bdgh|[:-410 K' “;10% K" & ()- "yL910%
K' & ()- “yF710% K" & ()- *,510% K" & ()- "3 10%K' & ()- " @10% K"

& ()-hijbA410 K' ° “y@ 109 M& ()- \ Z"10%!1& ()- “fS 1008 M& ()- " f
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&' 109 M8 ()- & yz 10%3G& ()- “yz 1098 M& ()- " 1098 M& () -

“ys31098M M& ()-17|[: A410 K 131098 M& ()- ~31S1098 M& () -

(L0 NE () 1008 (10 (- A0MME () G LM ()5 7pl obA10 @
the substitution, deletion, insertion, addition or
inversion of one or several amino acid residues in the amino
acid sequence represented by Seq. ID No. 4 in the Sequence

5 Listing; and

producing D-amino acid by making the protein having

D-hydantoinase activity and the protein having
D-carbamylase activity react with a 5-substituted
hydantoin.

10
46. The method according to claim 45, wherein an enzyme
racemizing a 5-substituted hydantoin compound or amaterial
containing the enzyme is allowed to react with the
5-substituted hydantoin whereby racemizing the

15 S5-substituted hydantoin compound.

47, A method for producing D-amino acid, the method

comprising:
producing a protein having D-hydantoinase activity

20 by

incubating a first cell in a first culture

medium; and
allowing a protein having D-hydantoinase
activity tobe accumulated in the first culture mediumand/or

25 the first cell, wherein
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represented by (a) or (b) and that encodes a protein having

25 D-carbamylase activity, wherein
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in the Sequence Listing;

(b) isabase sequence hybridizingwith acomplementary
base sequence of the base sequence represented by Seq. ID
No. 3 in the Sequence Listing under a stringent condition;
and

producing D-amino acid by making the protein having
D-hydantoinase activity and the protein having

D-carbamylase activity <react with a 5-substituted

hydantoin.

43. The method according to claim 47, wherein an enzyme
racemizing a 5-substituted hydantoin compound or a material
containing the enzyme 1is allowed to react with the
5-substituted hydantoin whereby racemizing the

5-substituted hydantoin compound.

49, A method for producing D-amino acid, the method
comprising:
producing a protein having D-hydantoinase activity
by
incubating a first cell in a first culture
medium; and
allowing a protein having D-hydantoinase

activity tobe accumulatedinthe first culture mediumand/or
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the first cell, wherein

the first cell to be incubated being transformed
with a first recombinant DNA resulting from a connection
of a first DNA with a first vector DNA, wherein

the first DNA having an amino acid sequence
represented by (c) or (d) and that encodes a protein having
D-hydantoinase activity, wherein

(c) is the amino acid sequence represented by
Seq. ID No. 2 in the Sequence Listing;

(d) is an amino acid sequence resulting from
the substitution, deletion, insertion, addition or
inversion of one or several amino acid residues in the amino
acid sequence represented by Seq. ID No. 2 in the Sequence
Listing;

producing a protein having D-carbamylase activity by
incubating a second cell in a second culture
medium; and

allowing a protein having D-carbamylase
activity to be accumulated in the second culture medium
and/or the second cell, wherein

the secondcell tobeincubatedbeing transformed
with a second recombinant DNA resulting from a connection
of a second DNA with a second vector DNA, wherein

the second DNA having an amino acid sequence

represented by (c¢) or (d) and that encodes a protein having
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D-carbamylase activity, wherein

(c) is the amino acid sequence represented by
Seqg. ID No. 4 in the Sequence Listing; and

(d) is an amino acid sequence resulting from
the substitution, deletion, insertion, addition or
inversion of one or several amino acid residues in the amino
acid sequence represented by Seq. ID No. 4 in the Sequence
Listing; and

producing D-amino acid by making the protein having

D-hydantoinase activity and the protein having
D-carbamylase activity react with a 5-substituted

hydantoin.

50. The method according to claim 49, wherein an enzyme
racemizing a 5-substituted hydantoin compound or a material
containing the enzyme 1is allowed to react with the
S~substituted hydantoin whereby racemizing the

S-substituted hydantoin compound.
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