-1- DESCRI PTI ON 5- SUBSTI TUTED HYDANTO N RACEMASE, DNA ENCODI NG THE SANME,
RECOMBI NANT DNA, TRANSFORMED CELL, AND PROCESS FOR PRODUCTI ON OF OPTI CALLY
ACTI VE N- CARBAMYLAM NO ACI D OR OPTI CALLY ACTI VE AM NO ACI D TECHNI CAL

FI ELD [ 00011 The present invention relates to a pol ypeptide having novel

‘hydantoin racemase activity originating in mcroorgani sns, DNA encodi ng

t he pol ypeptide, mcroorganisns or transformants capabl e of producing
hydant oi n racenmase, and a process farjproducing dantoin racemase using
sanme. The invention also by relates to a process for efficiently producing

optically active N carbanyl ampgoacRIrP@IOgptically active am no acid

usi ng hydantoi n racemase. -2- CROSS- REFERENCES TO RELATED APPLI CATI ONS

[ 0002] The present application hereby clains priority on Japanese patent
application nunber 2005-022802 filed January 31, 2005, the entire contents
of which, including the description, clains, drawings, and abstract, are

5-SUBSTITUTED HYDANTOIN RACEMASE, DNA
ENCODING THE SAME, RECOMBINANT DNA,
TRANSFORMED CELL, AND PROCESS FOR PRODUCTICN
OF OPTICALLY ACTIVE N-CARBAMYLAMINO ACID OR

OPTICALLY ACTIVE AMINO ACID

TECHNICAL FIELD
[0001]

The present invention relates to a polypeptide having
novel hydantoin racemasc activity originating in
microorganisms, DNA encoding the  polypeptide,
‘microorganisms or transformants capable of producing
hydantoin racemase, and a process for producing
hydantoin racemase using same. The invention also
relafes to a process for efficiently producing optically
active N-carbamylamino acid or optically active amino acid

using hydantoin racemase.




her eby incorporated by reference. BACKGROUND ART [0003] Hydantoin
racemase i s an enzyne that acts upon optically active 5-substituted
hydant oi n conpounds, or nore specifically D- or L-5-substituted hydantoin
conmpounds to catal yze the racem zation reaction of these conpounds. The
enzyme-can therefore be used for the production of optically active

N-car banyl am no acid or optically active amno acid, which is inportant as
a source material of pharmaceutical.s; .chem cal produces, and food
additives, using a 5-substituted hydantoin conpound as a starting

materi al . (Fﬂ@%‘ﬂ;- R ERS RFOORALATED PREIGAT IO BShydant oi nase

anudohvdr ol ase” | -17 NHCONH Z O T}5 substituted hydantoin
N-car hanryl - D-ami no ragjighD-anuno acid Al N-carhanyl _ R
Lhydant oi nase>R~, (‘([~ Ira]m' noacid R ('"(~()T~ \El 1 - - - anndohydrolase 1 "

. INL N OO 0, e st b idlatio A daieby) Bhasianbamiokit nanaci d
mno a |
Japanese patent application number 2005-022802 filed
January 31, 2005, the entire contents of which, including

the description, claims, drawings, and abstract, are

hereby incorporated by reference.

BACKGROUND ART
[0003]

Hydantoin racemase is an enzyme that acts upon
optically active 5-substituted hydantoin compounds, or
more specifically D- or L-5-substituted hydantoin
compounds to catalyze the racemization reaction of these
compounds. The enzyme-can therefore be _used for the
production of optically active N-carbamylamino acid or
opticra.lly active amino acid, which is important as a
source material of pharmaceuticals, chemical produces,
and food additives, using a 5-substituted hydantoin
compound as a starting material.

[0004]




Reaction Fornmula (I) [00051 As shown in Fornula (1), in order to produce
optically active N-carbanylamno acid froma 5-substituted hydantoin
conmpound, hydantoin racenmase is used with hydantoi nase havi ng

stereosel ectivity. In order to produce optically active amno acid froma
5-substituted hydantoi n conpound, hydantoin racemase is used with
hydant oi nase having stereoselectivity, as well as N-carbanylam no acid

am dohydr ol ase having or not havingastereoselectivity. [00061 -4- The
enzynme reactions by hydant oi nase and N-carbanyl am no aci d am dohydr ol ase
may be separately perfornmed in two steps, or alternatively the two enzynes
may be m xed together to performthe two reactions in one step. [0007]
The decarbanyl ation reaction foll owing the hydantoinase reaction may

alternatively be rformed using a decar bamgrbimyon nmet hod enpl oying
conventi onal | -known chem cgl reactiopsmiebdier tian t r egoi ng
met hod usi ng enzyne. [ 068@hntoitag: t'he™ QiadR@akst QN UST N ant oi nase
and z —_— > =
_ HNW{\‘H I*lI-IOOl\lH2 NH2
O
D5 substituted hydantoin N-carbarmyl-D-armino acid D-amino acid

N-carbatyi- :
R~ L hydantoinase R Liﬁfmﬁlﬁ R
HN\%#H NHCONH, NH,
o |
L5 substituted hydapf:oin N-carbamyl-L~amino acid Lrammine acid
Reaction Formuila ()
[0005]

As shown in Formula (I), in order to produce
'opﬁcaﬂy active NFcarbanndanﬁnQ acid from a
5-substituted hydantoin compound, hydantoin racemase
is used with hydantoinase having stereoselectivity. In
order to produce optically active amino acid from a
5-substituted hydantoin compound, hydantoin racemase
is used With hydantoinase having stereoselectivity, as well
as N-carbamylamino acﬁi anﬂdohydrolase having or not
having stereoselectivity.

[0006]



N- car banyl am no aci d am dohydrol ase, performng the racem zation of the
starting 5-substituted hydantoin conpound concurrently with the
hydant oi nase reaction using hydantoin racemase enabl es the 5-substituted
hydant oi n conpound to be quantitatively converted into optically active
N- car banyl ami no acid or optically active amno acid, with the result that
yield is increased. [0009] Meanwhile, there have been known 5-substituted
hydant oi n conpounds that undergo chenhqal racem zation in the foregoing
reacti on system However, they are only Ilimted kinds of such conpounds.
Further, in ma f -5- 5- ityute yd Qhntednpeyndsanthe

chem cal racezrggtio%nﬁigggedg%gg?H%%gslg&?y ggydoes not proceed at al
in practiceg. As,such, a.hig jye e Whepa byttt oi n
racemase i@’ﬁ@fbag%ﬁkupfgpégf%gréggre €§§§Bﬁﬁﬁiﬁ?ﬁ§fﬂ? to use hygzntoin

racemase in t%eﬁ%mggtwke%%é%g? gyfséa%g}n%q?@&s} gy twd Qe eidss under way

for hydanP&f F’to I'tate racem zation of optically

active 5-substituted hydantqin compo ' eidasam de&k only
slowy. [OBHRY PAIMERE O&E%%‘fer %rpoe%gﬁ s\t\frrqzs]il ?ﬁraotcé'gg% produce  hydant oi n

racemase, the mcroorganisns of the followng Genus are known:
Art hr obact 8t€P{( Pat ent “Publ i cation 1,

[0007]

The decarbamylation reaction following the

hydantoinase reaction may alternatively be performed
using a decarbamylation method employing conventionally
well-known chemical reactions, other than the foregoing
method using enzyme.
[00608]

In the method of reaction using hydantoinase and |
N-carbamylamino acid amidohydrolase, performing the
racemization of the starting 5-substituted hydantoin

compound concurrently with the hydantoinase reaction

using hydantoin racemase enables the 5-substituted
hydantoin compound to be quantitatively converted into
optically active N-carbamylamino acid or optically active
amino acid, with the result that yield is increased. |
[0009]

Meanwhile, there have been known 5-substituted
hydantoin com-pounds that undergo chemical racemization
in the foregoing reaction system. However, they are only

limited kinds of such compounds. Further, in many of



Non- Pat ent Publication 1); Pseudonpbnas (Patent Publication 2, Non-Patent
Publication 2); Agrobacterium (Non-Patent Publication 3, Non-Patent
Publication 4, Patent Publication 3); Sinorhizobium (Non-Patent
Publication 5); M crobacterium (Patent Publication 4); Flavobacterium
(Patent Publication 5); Pasteurella (Patent Publication 6); Candida
(Patent Publication 7). ]Patent Publication 1] Japanese Lai d- Qpen Pat ent
Publication No. 122591/ 1987 (Tokukglsho 62-122591) [Patent Publication 21
Japanese Lai d- Open Patent Publication No. -6- 271784/ 1992 (Tokukai hei

4-271784) t 0 n ti chldmicab,
100050 %lé?g‘n;%] u‘g#?tlatt&?%ﬁ %f%ggfﬁé%etﬁ@?“%ﬁbpﬁfnl ®Publ f‘éat.oxwﬁﬁ’

Lo th PSR e Lo oo
210177/ 2083( TokHK Ct%o’bsl‘l‘z“lcﬁii’%? [{a‘%gﬁ PEE!Ii: ggﬁ%“:ff)“} IH‘]b eXpeCted
when hydantoin racemase is not used. It is therefore very
'-meaningful to use hydantoin racemase in the present
reaction system. Accordingly, a search is underway for
hydarnitoin racemase in order to facilitate racemization of
optically active 5-substituted hydantoin compounds,
which can be racemized only slowly.
[0010]

As examples of microorganisms that can produce
hydantoin racemase, the microorganisms of the following
Genus are known: Arthrobacter; (Patent Publication 1‘,
Non-Patent- Publication 1); Pseudomonas  (Patent
Publication 2, Non-Patent Publication 2}); Agrobacterium
(Non-Patent Publication 3, Non-Patent Publication 4,
Patent Publication 3); Sinorhizobium  (Non-Patent
Publication 5); Microbacterium (Patent Publication 4);
Flavobacterium (Patent Publication 5); Pasteurella (Patent
| Publication 6); Candida -(Patent Publication 7).

[Patent Publication 1]

Japanese Laid-Open Patent Publication No.
122591/1987 (Tokukaisho 62-122591)

[Patent Publication 2]

- Japanese Laid-Open = Patent Publication  No.



Japanese Lai d- Qpen Patent Publication No. 47194/ 1986 (T i

61-47194) [Non-Patent Publication 11 J. Biotechnol., vol( . gg?kgllih?ZOOO)

[ Non- Patent Publication 2] J. Bacteriol., vol.174, 7989 (1992) [Non-Patent
Publication 3] Appl. Mcrobiol. Biotechnol., 57, 680 (2001) [Non-Patent
Publication 41 Biotechnol. Prog., 18, 1201 (2002), Biochem Biophys. Res
Commun. 303, 541 (2003) [Non-Patent Publication 5] -7- Appl. M crobiol .
70, 625 (2004) DI SCLOSURE OF | NVENTI @\ PROBLEM5S TO BE SOLVED BY THE ;

| NVENTI ON [ 0011] . However, none of the foregoing publications reports

enzynmes havi g G &MY 2tk iBgtAM 4y2far7 asubsti tuted hydantoins in th
producti on o]T co?respogdi ng unnatural am n% acids, for eiarrpl e, such ase

D-norval i ne B% EYSiBRcaiPeM i | | am [
ne, caipgmeillam ne, DO nethylserine, and
D- honoseri ne. 5? It 1's conpl efel y unknown. whet her bacteria of Genus

Baci |l us have RydaniQi.0,,3¢6ABRSP@Bicktiyn Rel tWE03YheG0S0

[Patent Publication 4] |

Japanese Laid-Open Patent Publication No.
330784 /2002 (Tokukai 2002-330784)

[Patent Publication 5]

Japanese Laid-Open Patent Publication No.
'210176/2003 (Tokukai 2003-210176)

[Patent Publication 6]

Japanese Laid-Open  Patent Publication No.
210177 /2003 (Tokukai 2003-210177)

[Patent Publication 7]

Japanese Laid-Open  Patent Publication ‘No.

- 47194/1986 (Tokukaisho 61-47194)

[Non-Patent Publication 1]

J. Biotechnol., vol.80, 217 (2000}

[Non-Patent Publication 2] o

" J. Bacteriol., vol.174, 7989 (1992)

[Non-Patent Publication 3]

lAppl. Microbiol. Biotechnol., 57, 680 (2001)

[Non-Patent Publication 4]

Biotechnol. Prog., 18, 1201 (2002), Biochem. Biophys..
Res. Commun. 303, 541 (2003) |

[Non-Patent Publication 5]




has been no report of purifying and isolating hydantoin racenase to
examne its properties. Further, no report has been nmade for isolation of
hydant oi n racenase gene. [0013] It is an object of the present invention
to provide a novel hydantoin racemase. It is another object of the
present invention to identify an am no acid sequence of the hydantoin
racemase and a DNA sequence of a gene encoding it, so as to provide

m croorgani snms or transformants cap%bje of producing the enzyne, and a
produci ng process of hydantoin racemase using such m croorgani sns or

transformants. ,-85 Wik ?gﬁh_arryqj’hggypj_@gu]of the present invention to
provi de a pr ocEEProF “&FT 1 ci eht | y produci ng optically active

N- car banyl ami no acid or optically active am no acid using the hydantoin
racemase. MEANS FOR SOLVI NG THE PROBLEMS [0014] In view of the foreign

obj ect s, I t invention | ooked into a w de range
DR OF WY mEt oy,

of soils croorgani sns having hydantoin racemase activity,

or oduci ng BRGNS Bar S B o T e T oei r bl e pr oper i es.
Hydant oi n racemase[asvai 1i]s_ol ated and purified fromthe

However, none of the foregoing publications reports
enzymes having racemization activity for 35-substituted
hydantoins in the production of éorresponding unnatural
amino acids, for example, such as D-norvaline,
D-norleucine, D-penicillamine, D—O—me{hylserine, and
D-homoserine.

[0012]

It is completely unknown whether bacteria of Genus
Bacillus have hydantoin racemase activity. Further, there
has been no report of purifying and isolating hydantoin
racemase to examine its properties. Further, no report has
been made for isolation of hydantoin racemase gene.

| [0013]

It is an object of the present Vinvention to provide a
novel hydantoin racemase. It is another object of the
present invention to identify an amino acid sequence of
the hydantoin racemase and a DNA sequence of a gene
encoding it, so as to provide microorganisms or
transformants capable of producing the enzyme, and a
producing process of hydantoin racem'ase using such

microorganisms or transformants.




m croorgani sm and a hydantoin racenase gene was successfully isolated and
expressed in host mcroorganisns. A hydantoin racenmase obtai ned by the
present invention was found to al so act upon 5-substituted hydantoin
conpounds corresponding to the foregoing unnatural anino acids. The
hydant oi n racemase so obtai ned was caused to act upon 5-substituted
hydant oi n conpounds together w th hydantoi nase or N-carbanyl am no acid

am dohydrol ase. This inproved the yigld of reactions producing optically
~active N-carbanylamno acid and optically active am no acid, thereby

accompl | shi ng {hgs- 9o PARSEMeri BYSELL 0D {ifOY5lesducaniantion dee aspect
the present invention provides a polypeptide having hydantoin racenase

activity : | &Ssd Mekudifeiedly produednigaopiecally aftaisout
139, 000 ?i?qgf%%?32?ﬁ§§%f Sroormaiertay oo

L- S- (2- rephybl-BiagaY yhibydarial i oftivadly ettood iareinenperdusi@g ange of
25C to 65C and an optinum tenperature of 40C, (4) an effective pH range of

6 to 10 apfeafydapitoiHmpetefaseto 9; (5) tenperature stability at or bel ow
30C; and
MEANS FOR SOLVING THE PROBLEMS
[0014]

In view of the foreign objects, the inventors of the
present invention looked into a wide range of soils to
search for microorganisms having hydantoin racemase
activity, and as a result separated a novel bacterium of
Genus Bacillus capable of producing a large amount of
hydantoin racemase with desirable properties. Hydantoin
racemase was isolated and purified from ‘the
microorganism, and a hydantoin racemase gene Was
successfully isolated and expressed in host

_ rﬁiéroorganisms. A hydantoin racemase obtained by the
present invention was found to also act upon
5-substituted hydantoin compounds corresponding to the
foregoing unnatural amino acids.

The hydantoin racemase SO obtained was caused to
act upon S5-substituted hydantoin compoundsl together
with hydantoinase or N-carbamylamino acid
amidohydrolase. This improved the yield of reactions
producing optically active N-carbamylamino acid and

optically active amino acid, thereby accomplishing the

i
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|
]
]
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(6) pH stability between 4.5 to 8.0. [0016] In another aspect, the present
i nvention provides a polypeptide consisting of an am no acid sequence
represented by SEQ ID NO 1 of the Sequence Listing. [0017] In another
aspect, the present invention provides a DNA that encodes the pol ypeptide.
[0018] I n another aspect, the present invention provides a reconbinant
plasm d including the DNA. [0019] -10- In another aspect, the present

i nvention provides a transfornant o@%gined by transform ng a host

m croorganismw th the reconbi nant plrasm d. [0020) |In another aspect, the

present inventiqn. [ a mcroorgani smcapabl e of producing the
pol ypepti de & rtfd& b@?gﬁgﬁﬁz to Genus Bacillus. In another aspect, the

present invention pr@bilQﬁls a process for produci ng hydantoi n racemase,
i ncluding: culturi a m croorgani sm capabl e of producing the

g
pol ypepti de; accumul aiing .t he YB&RE{e ithe st ofnvéheion
m cr oor gani sm [g%(g&':(g l+%ctt}0ngot %Ie %o@ypebti de. ﬁ]ﬂ anot her aspect, the

present | nﬁllgon‘;iid%ns rg\(/)il}gsgp%ide having hydantoin racemase activity

and properties including:

(1) a molecular weight of about 139,000;

(2) a Km value of about 0.304 mM for
L-S-(2-methy1thioethyl)hydantoin;

(3) an effective temperature range of 25°C to 65°C
and an optimum temperature of 40°C;

(4) an effective pH range of 6 to 10 and- an
optimum pH of 8 to 9;

(5) temperature stability at or below 30°C; and

(6) pH stability between 4.5 to 8.0.

[0016]
In ahother aspect, the present invention provides a
- polypeptide consisting of an amino acid sequence
| represented by SEQ ID NO: 1 of the Sequence Listing.

| [0017] .

In another aspect, the present invention provides a

" DNA that encodes the polypeptide.
{0018}

In another aspect, the present invention provides a

recombinant plasmid including the DNA.

[0019]



process for racem zing optically active 5-substituted hydantoin, including
causing an optically active 5-substituted hydantoin conpound to be acted
upon by the polypeptide having hydantoin racenase activity, the
transformant, or the mcroorganism [00211 |In another aspect, the present

I nvention provides a process for racem zing optically active 5-substituted
hydant oi n, i ncluding causing an optically active 5-substituted hydantoin
conpound to be acted upon by the Qohygeptide havi ng hydant oi n racenase
activity, the transformant, or the m croorganism the optically active

-11- 5-substit P@é@ﬁtrﬁﬂf@@ﬁ%ﬁ fwidGsner al Fornul a
(1) [0022] ﬁ& %n@éﬂ%'} %ST)CCCQH [ 00 where R repreg)ents an al kyl group

aroup habiais 201’7&?%%%* car Bl m‘”bi“”ht o S e Ubati tuents  of an
aryl grouipn r(]:%\élor} a%1ts?r12\91t%ancpl%nr@éc9ﬁﬁ3§ﬂéﬂt Ylasmid.
[0020]

In another aspect, the present invention provides a
microorganism capable of producing the polypeptide and
belonging to Genus Bacillus.

| In another aspect, the present invention provides a
process for producing hydantoin racemase, including:
culturing a microorganism capable of producing the
polypeptide; accumulating the polypeptide in a culture of
the'microorganism; and collecting the polypeptide.

In another aspect, the present invention provides a
process for racemizing optically active 5-substituted
hydantoin, including causiﬁg an optically active
5—subsﬂtutéd hydantoin compound to be acted upon by‘
the polypeptide.having hydantoin racemase activity, the
transformant, or the microorganism.

[0021]

In another aspect, the preseni_inventknn provides a
process for racemizing optically active 5-substituted
hydanuﬁn,'inchnﬁng causing an optically active
5-substituted hydantoin compound to be acted upon by
lthe polypeptide having hydantoin racemase activity, the

tra_ﬁsformanf, or the microorganism, the optically active



~or an ary

W thout a substituent. [0024] |In another aspect, the present invention

provides a process for producing optically active N-carbanylam no acid,

i ncl udi ng causing a 5-substituted hydantoin conpound to be acted upon by

hydant oi nase, together wth the pol ypeptide, the transformant, or the

m croorgani sm |In another aspect, the present invention provides a process

for producing optically active N-carbanylamno acid represented by General

Formula (2) below, 12- [0025] R NHC Z COOH [0026] where R represents an

al kyl group having 1 to 20 carbon atons with or without a subzé;tuent, an

aral kyl grou ' 7 r Id Wokin or reptesehtedswolyst i t uent,
'§ﬁ5ﬁ%?ﬁ%§¥%ghgaﬁ%ﬁfgﬁcggﬁg%batons mﬁtﬁ o?p W t hout a

substituept, the pr iltrel udi ng causing a 5-substituted hydantoin

conpound §¥ﬁﬂgﬁgrgpgéggﬁﬁﬂé?(l) to be acted upon by hydantoi nase, together

with the polypeptidﬁgoﬁgﬁ_ transformant, or the mcroorganism [0027]

(1)

[0023]

where R represents an alkyl group having 1 to 20 carbon
atoms with or without a substituent, an aralkyl grbup
having 7 to 20 carbon atoms with or without a sublstituent,
or an aryl group having 6 to 20 carbon atoms with or
without a substituent.

[0024]

In another aspect, the present inﬁentﬁnn provides a
-procéss for producing optically active N-carbamylamino
acid, including causing a 5-substituted Thydantoin
compound to be acted upon by hydantoinase, together
with the polypeptide, the transformant, or the
microorganism.

In another aspect, the present invention provides a
process for producing optically active N-carbamylamino

acid represented by General Formula (2) below,




I n anot her aspect, the present invention provides a process for producing
an optically. active amno acid, including causing a 5-substituted
hydant oi n conpound to be acted upon by hydant oi nase and N-carbanyl am no
acid am dohydrol ase, together with the polypeptide, the transformant, or
the m croorganism [0028] |In another aspect, the present invention
provides a process for producing an optically active amno acid - 13-
represented by General Fornula (3) bglow [0029] R\ /NHZ I'Y (3) COCH
[0030] where R represents an al kyl group having 1 to 20 carbon atons with
or without a substifomps] an aral kyl group having 7 to 20 carbon atons
with or without a substituent, or an aryl group having 6 to 20 carbon
atons with or wthout a substituent, the process including causing a
5-substituted hydantoin conpound of Ceneral Formula (1) to be acted upon

by hydant oi nase, a N-car hafybfgd no acid am dohydrol ase, together with
t he pol ypeptide, the 2

(2)
COOH

[0026]
where R.repfesents an alkyl group having 1 to 20 carbon
atoms with or without a substituent, an aralkyl group
having 7 to 20 carbon atoms with or without a substituent,
o.r an aryl group having 6 to 20 carbon atoms with or
without a substituent,

the process incrudihg causing a 5-substituted
hydantoin compound of General .Formula (1) to be acted
upon by hydanuﬁnase,togeﬂnn‘mdﬂlthé1mﬂypepdde,the

| -tfansformant, or the microorganism,
-[0027]

In another aspect, the present invention provides a
process for producing an optically . active amino acid,
including causing a 5-substituted hydantoin compound to
be acted upon by hydantoinase and N-carbamylamino acid
amidohycirolase, together with the polypeptide, the
transformant, or the microorganism.
| [0028]

In another aspect, the present invention provides a

process for producing an optically active amino acid




transformant, or the m croorganism EFFECTS OF THE | NVENTION [0031] A
hydant oi n racemase of the present invention is an enzyne that can al so
effectively act upon 5-substituted hydantoin conpounds corresponding to
unnatural amno acids. In producing optically active N-carbanylamno acid
- 14 or optically active am no acid using hydantoi nase or N-carbanyl am no
aci d am dohydrol ase acting upon 5-substituted hydantoin conpounds and in
particular 5-substituted hydantoiglgpnpounds corresponding to wunnatural
am no acids, the yield of reaction can be inproved by using a hydantoin
racemase of the e i b tdxar {ih m cr oorgani sns and
transfcwrﬁﬁﬁ%?%ﬁgﬁﬁ%%g%gg%ﬁ¥g€%ggﬁ?ﬁg%$ @ﬁéb%%%el hydant oi n racenmase can
be efficiently proggﬁgg% Wth a hydantoin racemase of the present
invention or mcroor: ]sns produci ng the hydantoin racenmase, optically
active N-carbanylam no acid or optically active amno acid can be

efficiently produced. BRI EF DESCRI PTI ON OF DRAWNGS [0032] Figure 1 is a

di agram showi ng a F@strictkﬂp enzyme nmap of reconbi nant plasm d pBHROO1 |
including a 2 |

(3)
COOH

- [0030]

where R represents an alkyl group having 1 to 20 carbon

étoms with or without a substituent, an aralkyl group

having 7 to 20 carbon atoms with or without a substituent,
or an aryl group having 6 to 20 carbon atoms with or
without a substituent,

the process including causing a 5-substituted
hydantoin compound of General Formula '(1) to be acted
upon by hydantoinase, and N-carbamylamino acid
amidohydrolase, together with the polypeptide, the

. transformant, or the microorganism.

EFFECTS OF THE INVENTION
[0031]
A hydantoin racemase of the present invention is an

enzyme that can also effectively act upon 5-substituted

hydantoin compounds corresponding to unnatural amino -
acids.

In producing optically active N-carbamylamino acid




hydantoi n racenase gene according to an embodi ment of the present
invention. Figure 2 is a graph representing Km val ues for

L-5-(2- net hyl t hi oet hyl ) hydant oi n of hydantoin racenmase according to an
enbodi ment of the present invention. Figure 3 is a graph representing an
effective tenperature range and optimum tenperature of hydantoin -15-
racemase according to an enbodi nent of the present invention. Figure 4 is
a graph representing an effective pH4range and opti mum pH of hydantoin
racemase according to an enbodi nent of the present invention. Figure 5 is

a graph repr esgpiddlgy t eRevat wWikinst akiid t usehghylpdasiteinasemase accor di ng
to an enbodi nent of the present invention. Figure 6 is a graph

repr esent inag: ihh St f1vo of adiydantmidohychndsseaccacting t vp@n enbodi ment
of the present invention. Figure 7 is a graph representing effect of

substrat e 5.ig{bhijt108d0fhiiedanbonn canguasadaccand nint articeh®bdi ment  of
the present invention. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON [0033] The
‘;%Lg;’“ﬂg%twédbﬁlﬁ$ﬁ&bée hiyelariedent comvpptirodsi ncodetspondasgd &d an
unnatural amino acids, the yield of reaction can be
improved by using a hydantoin racemase of the present
invention together. With microorganisms and
transformants of the present invention, the novel
hydantoin racemase can be efficiently produced. With a
hydantoin racemase of the present invention or
microorganisms producing the hydantoin racemase,

o-ptically active N-carbamylamino acid or optically active

amino acid can be efficiently produced.

BRIEF DESCRIPTION OF DRAWINGS
[0032]

Figure 1 is a diagram showing a restriction enzyme
map of recombinant plasmid pBHROOI1 including a
hydantoin racemase gene according to an embodiment of
t_he present invention.

Figure 2 is a graph representing Km values for
L-5-{2-methylthioethyl)hydantoin of hydantoin racemase
according to an embodiment of the present invention.

Figure 3 1is a graph representing an effective

tefnperature range and optimum t_emperature of hydantoin




[0034] 1. Polypeptide First, description is nmade as to a pol ypepti de
according to an enbodi nent of the present invention. A polypeptide of the
present invention has hydantoin racemase activity and the foll ow ng

physi cal and chem cal -16- properties. 1) Action The pol ypeptide catal yzes
the racem zation reaction of optically active 5-substituted hydantoin
conpounds. 2) Mol ecul ar wei ght About 139,000 3) Km val ue for

L- 5- (2- net hyl t hi oet hyl ) hydant oi n gt 0.304 mM 4) Effective tenperature
range Tenperature range: 25C to 65C, " optimum tenperature: 40C 5) Effective
pH range pH range; 6 t0 p p 9f €heToppesature

stabili tygéﬁér% s%elacco%n&z Esét 2% | Fgﬁ%ﬂﬂiﬁ%rﬁg 8.0 The pol ypeptide al so

has t he f(larlllvg\ﬁ\ntngnphym cal and chem cal properties.

Figure 4 is a graph representing an effective pH
range and optimum pH of hydantoin racemase according |
to an embodiment of the present invention.

Figure 5 is a graph representing temperature
stability of hydantoin racemase according to an
embodiment of the present invention.

Figure 6 is a graph representing pH stability of |

hydantoin racemase according to an embodiment of the

~ present invention.

Figure 7 is a graph representing effect of substrate
inhibition of hydantoin racemase according to an

embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0033]

The following will describe the present invention in

detail 'based on an embodiment.

[0034]

i. Polypeptide

First, description is made as to a polypeptide
according to an embodiment of the preée_nt inventfgn. A
polypeptide éf the present invention has hydantoin

racemase activity and the following physical and chemical




8) Relative activity 24.2 units per 1 ng of pure enzynme (1 unit is defined
as the anount of enzyne that generates 1 pnol

D-5- (2-net hyl t hi oet hyl ) hydantoin per mnute, as wll be described later in
connection with the neasurenment nmethod) -17- 9) Substrate inhibition The
pol ypeptide is subject to substrate inhibition when 50 to 80 nM
L-5-(2-nmet hyl thi oet hyl )hydantoin is used as a substrate [0035] 1In an
enbodi mrent of the present inventiondléhe hydant oi n racemase activity of

t he pol ypeptide can be neasured by, for exanple, quantification of
D-5-(2-neFQ P%Ekgg;hyl)hydantoin generated at 30Cin 30 mnutes in 50 nm
Tris (tr s% ydroxynmet hyl ) am no nethane) -HCO buffer (pH 7.5) containing

50 nmM L- 5121%5@%)%I t hi oet hyl ) hydantoin, using high-performance liquid -
chr omat ography LC) or the like. [0036] The hydantoin racenase of an

enzymen o pr een T R A P A ani o1 n T acemase
whi 9“’ | "o e()r;gﬁcgfllyp%licgwk PR iYuted hydantoin compounds.
2) Molecular weight
About 139,000
3} Km value for L-5-{2-methylthioethyl)hydantoin
About 0.304 mM
4) Effective temperature range
Temperafure range: 25°C to 65°C;7 optimum
temlperature: 40°C
S}Eﬁécﬁye;ﬂ{range
pH range: 6 to 10; optimum pH range 8 to 9
6) Temperature stabihty
| 30°C or below
7) pH stability
pH 4.5 to 8.0
- The polypeptide.also has the following physical and
chemical properties.
8) Relative activity
24 .2 units pér 1 fng of pure enzyme
(1 unit is defined as the amount of enzyme that gencrates
1 pmol D—5—(2—methylthioethyl)hydantoin per minute, as
will be described later in connection - with th¢

measurement method)




and other criteria, clearly distinguishes over the known hydantoin
racemases described in conjunction with the BACKGROUND ART section. [0037]
(i) The present enzyne has the am no acid sequence sharing 50% honol ogy
with, the amno acid sequence of -18- the hydantoin racemase originating in
Agrobacterium radi obacter (International Publication WO03/100050).
Therefore, the two am no acid sequences do not match conpletely. The
present enzynme also differs fromthe~hydantoin racemase originating in
Agrobacterium radi obacter in terns of substrate inhibition, which is

effected 951 s‘h],l['ﬁs{&w%einﬁ%iﬁBh on the latter. [0038] (ii) The present
t

enzyne has e am no acld sequence sharing 48% honol ogy with the am no

aci d sequence t qlvﬁ%% i o &t 0ofo Msgisthatkeihiiblitigwef aci ens

( Tokukai 2002-@%‘878‘;'4‘?1. ‘erteif%loﬁes, a%ﬁg??wo aorri no acid sequences do not

mat ch conpl.et el v., The gRe n - hid ety 4dAcofydant oi n
hede! %o The BHESAM. §N/E-nil s 1d yi)hea 4

racemase errum "Tiquefaciens 1I'n terns of Optinmumtenperature,

which is abgtsjt 40C | Frérhetformer and 50C to 60C in the latter. [0039]
(iii) TheYp& 8&%%‘%@ i$fers fromthe hydantoin racemase of |
Pseudononas sp. (To%gi{)tfei 4-271784, J.

In an embodiment of the present invention, the 2

‘hydantoin racemase activity of the polypeptide can be

.mea'sured by, for example, gquantification of

D-5-(2-methylthioethyl)hydantoin generated at 30°C in 30

minutes in 50 mM Tris _ 1

(tris(hydroxymethyl)aminomethane)-HCl buffer (pH 7.5)

containing 50 mM L-5-(2-methylthioethyl)hydantoin, using
high-performance liquid chromatography (HPLC) or the
like.

[0036]

lThe hydantoin racemase of an embodiment of the
present invention (hereinafter referred to as “present
enzyme” or “present hydantoin racemase”) is a novel
hydantoin racemase which, in terms of origin, property,
and other cri‘teria, clearly distinguishes over the known
hydantoin racemases described in conjunction With the
BACKGROUND ART section.

[0037]
(i) The present enzyme has the amino acid sequence

sharing 50% homology with the amino acid sequence of




Bacteriol., vol.174, 7989 (1992)) in three am no acid residues. The
present enzyme also differs fromthe hydantoin racemase of Pseudonpbnas sp
interms of optimumtenperature and opti mum pH, which are 40C and 8 to 9
in the former and 45C and 9.5 in the latter. The hydantoin racenase of
Pseudononas sp. exhibits -19- strong racem zation activity for
t-g-g%-netﬂy:prpyI%hYdantoin as it does for

-5-(2-net hyl t hioet hyl ) hydantoin. Spegifically, the relative activit
the substrate L-5-(1-nethy|propyl)hyggntoin is 132 with respect to t%efor

relative tiv' & .00 f.
. t QtehgseSUbSIiab®ing in Agrobacterium
L-5-(2- TTE yIt at CIjlgﬁ’lydantem nS?see i% E)I’%DOI"[I ongof D-format the

reaction t'ﬁa%ﬂ% T QUesnlRiodab! eplificdaiikal wehod /2A00B8D). [0040]  On

tstl]gsﬂgte; sen enz%rre has the relative activity of 2 for the
y, a eGfo t t

activity gfhel(%c F‘Br é ?‘ﬁ’%p E{%ly%ﬁtgh?’{oe y%iy%gﬁtég %tot oﬂoahh?lc%]tﬁlﬁel \pg(raesent

or csont - oRITRBIC TS crgie SRRy arRrEpLY r PaE, B et of

present efAME rs fromthe hydantoin racemase of

Pseudononas ..alsoin terns of su pe ICI ion to
glp]'E :c renrjm EM’&W% andPPHE e prorggglélgé@lg {trL ‘é?%ﬁe’z’ggg’?e clearly
. ent.

radiobacter in terms of substrate inhibition, which

is
effected on the former but not on the latter.
[0038]

(ii) The present enzyme has the amino acid sequence
sharing 48% homology with the amino acid sequence of
the hydantoin racemase of Microbacterium liguefaciens
(Tokukai 2002-330784). Thercfore, the two amino acid
sequences do not match Compl_etely. The present enzyme
also differs from the hydantoin racemase of Microbacterium
liqguefaciens in terms of optimum temperature, which is
labout 40°C in the former and 50°C to 60°C in the latter.

[0039]

(iii) The present enzyme differs from thé hydantoin
racemase of Pseudomonas sp. {Tokukaihei 4-271784, J.
Bacteriol., vol.174, 7989 (1992)) in three amino acid
residues. The present enzyme also differs from the
_.hydantoin racemas.e of Pseudomonas sp. in terms of
- optimum temperature and optimum pH, which are 40°C
and 8 to 9 in the former and 45°C and 9.5 in the latter.

The hydantoin racemase of Pseudomonas sp. exhibits




[0041) Conventionally, it had not been known whether m croorgani sns

bel onging to Genus Bacillus had hydantoin racemase activity. The hydantoin
racenase of an enbodi nent, obtained by the inventors of the present
invention is a novel enzyne originating in mcroorganisns -20- belonging to
Genus Bacillus, in which the presence or absence of hydantoin racenmase
activity had not been known. The inventors of the present invention has
revealed for the first time that the present hydantoin racemase was an
enzyme with the properties different”™" fromthose found i n known hydantoin

racenmases that the presgit,diydant oi n racgggser@l so act edfen
5-substi tﬁ%g%q%ydant oin g(%r?pounc?s corresponding to %nnatural am no acids

éiﬁgr E?E%,if%*Q%*%ﬁ%?ﬂ@éﬁ@%?‘ﬁ%“%f‘ésZAnf A vt on cancBe’ obta ned

Bodr HEntof “the” ‘pres _
or ef er b é-H—E‘%%I&%‘éﬁ?ﬁﬁ%ﬁosa%h%ﬂm?%%@Iﬁgoﬁﬁf@%?#ﬁ?ﬁ%ﬁé;*fe%ﬁzégﬁkei :
prosent - PRvEPoler BhE: TrEEM et KT At AR gRRARTs0 To (he

132 with respect to the relative activity of 100 for the

substrate  L-5-(2-methylthioethyljhydantoin (see the
proportion of D-form at the reaction time of 10 minutes in
Table 1 of Tokukaihei 4-271784}).

[0040]

On the other hand, the present enzyme has the
relative activity of 2 for the substrate
L-5-(1-methylpropyl)hydantoin with resylpect to the relative
-activity of 100 for 'L-5-{2-methylthioethyl)hydantoin to
which the present enzyme shows strong racemization
activity (see Table 2 of Example 2). The present enzyme
therefore greatly differs from the hydantoin'racemase of
Pseudomonas sp. also in terms of substrate specificity, in

addition to optimum temperature and pH. The properties

of the two enzymes are clearly different.
[0041]

Conventionally, it had not been known whether
microorganisms belonging to = Genus Bacillus had
hydantoin racemase activity. The hydantoin racemase of
an embodiment, obtained by the inventors of the present

invention is a novel enzyme originating in microorganisms




Decenber 12, 2005 at the International Patent O ganism Depository (IPCD)
the National Institute of Advanced Industrial Science and Technol ogy 1
whose address is Tsukuba Central 6, 1-1-1 Hi gashi, Tsukuba, | baraki ,’
Japan, 305-8566, and has been assigned depository accession nunber FERM
BP-10477 (donestically deposited -21- strain originally deposited on
‘Decenber 15, 2004 was transferred to the International Depository

Aut hority under Budapest Treaty). 5? following |ists mcrobiological
properties of Bacillus sp. KNK519HR 0044] 1. Morphol ogy 1) A bacillus of

151 s Bl G T M e

st ai'ni ng: Spores: present 5) Col ony

nor phol ogy o ar ture: ,
Vel low 2 AeRetie Boguris BLOH “erbsit e Py hag P 35T

sl Coce oo s ) cala S5 0 GRS wibedBl Dot ool o

revealed for the first time that the present ‘hydantoin
racemase was an enzyme with the properties different
from those found in known hydantoin racemases, and that
the present hydantoin racemase also _acted on
5-substituted hydantoin compoulnds corresponding to
unnatural amino acids (see Table 2 of Example 2).7

[0042]

2. Microorganisms

A poiypeptide according to an embodiment of the
present invention can be obtained preferably {from
microorganisms beionging to Genus Bacillus, and more

preferably from Bacillus sp. KNK319HR.

[0043]
Bacillus sp. KNK519HR is a bacterial strain isolated
and obtained by the inventors according to the present

invention. Bacillus sp. KNK519HR was deposited on

December 12, 2005 at the International Patent Organism
Depository (IPOD), the National Institute of Advanced

Industrial Science and Technology, whose address is

Tsukuba Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki,
'Japan 305-8566, and has been assigned depository

accession number FERM BP-10477 (domestically deposited




fromglucose: -/ 4) OF test (oxidization/fernentation): -/- 5)
Fermentation test Gycerol: + FErythritol: - D Arabinose: -22-

L- Arabi nose: Ribose: + D -Xylose: + L-Xylose: - Adonitol: -

(3-Met hyl -D-xyl ose: Gl actose: + G ucose: + Fructose: + Mannose: -

Sor bose: - Rhammose: - Dulcitol: - inositol: - Mannitol: + Sorbitol: -
a- Met hyl - D- mannose: a-Met hyl -D-glucose: - N Acetyl gl ucosam ne: +
=21 -

strain originally deposited on December 15, 2004 was
transferred to the International Depository Authority
under Budapest Treaty). The folloWing lists microbiological
properties of Bacillus sp. KNK519HR.
[0044] : 2
1. Morphology |
" 1) A bacillus of the size of about 1.0 to 1.1 pm
(diameter) x 2.0 to 4.0 pm
2) Gram staining: Positive
3) Mortility: Yes
4) Spores: present i
- 5) Colony morphology on agar plate culture: circular, i
undulate, convex, glossy, yellow | ;
2. Culture Properties
1) Growth temperature test: 37°C(+}, 45°C(-)
3. Physiological Properties
1) Catalase: +

2) Oxydase: -

3) Acid/gas production (acid production/gas production)

from glucose: -/-

4) O/F test (oxidization/fermentation): -/-
5) Fermentation test |
Glycerol: +
Erythritol: -

‘D-Arabinose: -




Anygdal i n:

Arbutin: +

Esculin: + Salicin: + Cellobiose: + Mltose: +
23 - Lactose: Melibiose: - Saccharose: + Trehalose: + Inulin: -
Mel ezitose: - Raffinose: + Starch: + G ycogen: + Xylitol: Gentiobiose:
D- Turanose: - D-Lyxose:- D-Tagatose: - D-Fucose: - L-Fucose: - D-Arabitol:
- L-Arabitol: - G uconate: - 2-Ketogluconic acid:

-2 -
L-Arabinose: -
Ribose: +

D-Xylose: +
L-Xylose: -
Adonitol: -
B-Methyl-D-xylose: -
Galactose: +
Glucose: +
Fructose: +
Mannose: -
Sorbose: -
Rhamnose: -

Dulcitol: -

Inositol: -

‘Mannitol: +

_ Sorbitol: -

‘o-Methyl-D-mannose: -

a-Methyl-D-glucose: -

N-Acetylglucosamine: +

 Amygdalin: -

Arbutin: +
Esculin: +
Saliciﬁ: +
Cellobiose: +

Maﬂtose: +




5- Ketogl uconic acid: - 6) Biochem cal Test f3-Galactosidase: - Arginine

di hydrol ase: - Lycine decarboxyl ase: -24- Onithine decarboxyl ase: - Use of
citric acid: H2S production: - Urease: Tryptophan deam nase: - |ndole
production: - Acetoin production (VP): - Celatinase: + Reduction of

nitrate: 7) Gowth Under Anaerobic Conditions: - 8) Gowth Under 10% Nad :
+ 9) Hippurate Hydrolysis: - 10) Casein Hydrolysis: +  [0045] Fromthese

m cr obi ol ogi cal properties and analygps of 16SrDNA sequence, Strain
KNK519HR was identified as Bacillus sp. [0046] The m croorgani sm

produci ng a polpyapisede of the present invention may be a wildtype strain
or a mutant

Melibiose: -
Saccharose: +
Trehalose: +
Inulin: -
Melezitose: -
Raffinose: +
Starch: +
Glycogen: +
Xylitol: -
Géntiobiose: -
D-Turanose: -
D-Lyxose: -
D-Tagatose: -
D-Fucose: -
L-Fucose: -
D-Arabitol: -
L-Arabitol: -
Gluconate: -
2-Ketogluconic acid: -
5-Ketogluconic acid: -

6) Biochemical Test
p-Galactosidase: -
Arginine dihydrolase: -

Lycine decarboxylase: -




strain. The nutant strain can be obtained by nmethods known to a person
ordinary skill in the art, by treating Strain KNK519HR with WV _
irradiation, or chemcals such as N-nmethyl- N -nitro -N-nitro so guanidi ne
(NTG or ethylnmethane sul fonate (EMS), for exanple. -25- [0047] The nedi um
for culturing the mcroorgani sm producing a pol ypeptide of the present
invention is not particularly limted as |ong as the m croorgani smcan
grow therein. For exanple, common |iguid nmedia nay be wused that contain,

as a carbon source, sugars such as"%rﬂcose and sucrose; al cohols such as

et hanol and glycerol; fatt i ch as oleic acid and stearic acid,
e e G S

and esters the as rapeseed oil and soybean oil, and, as
a nitrogen souyce, mpniumsylfate, sodiumnitrate, peptone, casam no
acid, corn stedpF Pgl‘fc‘) T1C §F4dh, “or yeast extract, and, as an inorganic
salt, magnesiumsulfate, .sodiumchloride, calciumcarbonate, dipotassium
hydr ogen phospH@lSePTSQ%tla’é‘si'um di hydr ogen phosphate, and, as other
nutrients, malt extract or nmeat extract. To enhance hydantoin racenase
production, th¥I®8d&%m may be suppl emented with a small anount of _
5-substituted hydantoin coppound. The supplenent is added to the mediumin
a concentrati oA TYPAARE aSBIEERBINMESSMm the group consisting of no |ess than

Indole production: -

Acetoin production (VP}: -

Gelatinase: +

Reduction of nitrate: -

7) Growth Under Anaerobic Conditions: -
8) Growth Under 10% NaCl: +
9) Hippurate Hydrolysis: -
10) Casein Hydrolysis: +
[0045]

From these microbiological properties and analysis of
16SrDNA sequence, Strain KNKS19HR was identified as
Bacillus sp.

[0046]
~ The micr_oorganism Vproducin.g' a polypeptide of the
present invention rﬁay be a wildtype strain or a mutant
| strain. The mutant strain can be obtained by methods
known to a person ordinary skill in the art, by treating
Strain KNK519HR with UV irradiation, or chemicals such
as N—methyl—N’—nitro—N—nitrosoguanidine (NTG) or

ethylmethane sulfonate (EMS), for example.




0. 001 weight % and no greater than 10 weight % and preferably no | ess
than 0.01 weight % and no greater than 1 weight % [0048] Culturing can
be perforned aerobically in a -26- tenperature range of generally no | ess
than 20C and no greater than 40C, and preferably no I ess than 25C and no
greater than 35C, and a pH range of generally no less than 6 and no
greater than 8, and preferably no less than 6.5 and no greater than 7.5.
Culture tinme is generally about 1 d&é to 5 days. The culture nethod nay be
bat ch-w se or continuous. [0049] 3 “Enzyne Purification Separation and
purification of the Qgg_ toin racemase may be perforned as follows. First,
after «culturing, t 'l s are collected fromthe culture by a nethod

such as centrifugation. The cells are. then di pt ' gr39pi cator or
other means to oM ai Mefidmydel odn a1 'ona{él{heﬁgrc\g%g?gnzyrre sol ution

obtan a FUITAEyHAROH HePALSrach, LhFoBsBIoR oty BES e o P he pr esent

et on RS s b JEMTEE(05RS" LR PR Bl A O
gr.ow therein. For example, common liquid media may be
used that contain, as a carbon source, sugars such as
glucose and sucrose; ajcohpls- such as ethanol and
glycerol; fatty acids such as oleic acid and stearic acid,
and esters thercof; and oils such as rapeseed oil and
soybean oil, and, as a nitrogen source, ammonium sulfate,
sodiunarﬁirate,peptone,casanﬁru)acid,corn.steep]iquor,
bran, or yeast extract, and, as an inorganic salt,

| .magnesium sulfate, sodium chloride, calcium carbonate,
djpotasshln; hydrogen phosphate, or potassium
dihydrogen phosphate, and, as other nutrients, malt
extract or meat extract. To enhance hydantoin racemase
production, the medium may be supplemented with a
small amount of 5-substituted hydantoin compound. The
supplement is added to the medium in a concentration
range selected from the group consisting of no less than
0.001 weight % énd no gfeat'er than 10 weight %, and
preferably no less than 0.01 weight % and no greater than
1 weight %.

[0048]

Culturing can be performed aerobically in .a




capabl e of produci ng hydantoin racemase and collecting the hydantoin
racemase accunul ated in the mcroorganisns. A polypeptide of the present
invention namy be an enzyne obtained fromm croorgani sns as described
above, or an enzynme produced by transformants -27- obtai ned by gene

reconbi nati on techniques, as wll be described later. An enzyne according
to an enbodi nent of the present invention is a polypeptide with the am no
acid sequence of SEQ ID NO 1 of thggSequence Listing. [0051] 4. DNA The
~followng will describe DNA of the present invention. A DNA of the present

i nventiony i, o DGy r £RGQH N D RAgBleYREDE irdle Ikasi thath@0f@anndi noa acemse
activity as descri bed above. Preferably, a DNA of the present invention is

a DNA encgg[reage} f}%%{ﬂ NEeaci Qndsﬁgfeﬁﬁbgf SEQdd3 NQarl 2F°€hensequence

Li sting. éxanpl'e, a DNA of present invention is a DNA with the

base-sequgﬂjg rggtéﬁ(%g}eg%%?gf ofniihg SEIVEAGE bfdmerallpsna tedse, a single

am no aci. rresponds erent ‘codons.” As such, base sequences
base oeqibRet Cor ] gt R ERRN TR R ee® htences are 4l so
defined ag a DA, of Ihe e§ethar N¥eH! IGhiture time is generally
| about 1 day to 5 days. The culture method may be
batch-wise or continuous.

[0049]

3. Enzyme Purification

Separation and purification of the hydantoin
racemase may be performed as fbllows. First, after
culturing, the cells are collected from the culture by a
method such as centrifugation. The cells are _then
disrupted with a sonicator or other means to obtain a
crude enzyme solution. The crude enzyme solution is
purified by .a method such as salting-out or column
chromatography to obtain a purified hydaﬁtoin racemase.

[0050]

A polypeptide of thé present invention is obtained in
the manner described above, bybulturing microorganisms
.capable of producing hydantoin racemase and collecting
the hydantoin racemase accumulated in the
microorganisms. A polypeptide of the present invention
may be an enzyme obtained from microorganisms as

described above, or an enzyme produced by transformants




[ 0052] As used herein, "base sequences equivalent to a specific base
sequence” refers to, for exanple, base sequences that encode the am no
aci d sequence corresponding to the specific base sequence, but that are
-28- different fromthe specific base sequence. Further, the "equivalent
base sequence"” refers to the base sequence wth a substitution, insertion,
del etion, and/or addition of { one or several bases in the specific base
sequence, and with the peptide activ'%y (for exanple, hydantoin racenase
activity) of the peptide encoded by:% e specific base sequence. Further,

"several bases" refers ref er t: h 1 d
pr ef er abl 9%E61%?gatb r g%%aiﬁpg%cﬁrﬁ‘ew%@&g{ E,Q.E%%lggletzs’ggge?aa?%?53?nTh?B§A

i ncl udi ng .a hydantoi n racgenas e r: di t GatansLies topf th
present deaktr ﬁé‘ﬁla}erbﬁ%b%é.z%e e R T

, Or na .chem cal | t i T | i 1 b
exanpl 6 oFhEHRES SPRE PAAHIOBE ¥ GURP e gt ha N Farm o etd P28 201 4

sequence of | hydant gi g1 aqemes. RULITiAd JUQTLACY ETAgAgANT Sm havi ng

[0051]

4. DNA
The following will describe DNA of the present

invention. A DNA of the present invention is a DNA |
'.encoding a polypeptide having the hydantein racemase
activity as described above. Preferably, a DNA of the |

present invention is a DNA encoding the amino acid

sequence of SEQ ID NO: 1 of the Sequence Listing. For
exaniple, a DNA of the present invention is a DNA with the

base sequence of SEQ ID NO: 2 of the Sequence Listing.

As a rule, a single amino acid corresponds to different
codons. As such, base sequences encoding the amino acid

sequence of SEQ ID NO: 1 are equivalent to the base

sequence of SEQ ID NO: 2, and DNA with such base
sequences are also defined as a DNA of the present
invention.
[0052]
As used herein, “base sequences equivalent to a
specific base sequence” refers to, for example, base
'S-equences that encode the amino acid sequence

corresponding to the specific base sequence, but that are




hydant oi n racemase activity is determ ned using a vapor-phase protein
sequencer or the like. Then, DNA prinmers are synthesized that are designed
based on the N-term nus am no acid sequence and the honol ogous sequence
of known hydantoin racenmase. [0055] Next, chronpbsonmal DNA is isolated from
the source it -29- mcroorgani smof hydantoin racemase. Chronosomal DNA is
obtained fromcultured cells by using a UtraCean M crobial DNA |Isolation
Kit (MO BIO Laboratories, Inc.) [Q0§§l Usi ng the chronpbsomal DNA as a
tenplate, PCRis run with the DNA primers prepared as above. This

br oduces .. of, ¢t e kar ggt geReiE0BMe deylicnOVA iagints thrcodi ng

- portions racing towar and Ctermni fromthe partial gene are

obt ai ned béﬂu?g?léggaggsgcgeﬁ?g&gge’( sefehdCkel ¢nhACiHissResedien@EB86 (1988),

for exanpl ermni ase sequences of the DNA fragnments, DNA

primers arg regp&gggﬁggcﬁgggqpﬁ%%imsaeﬁi@w,s:sn@f/ dhadwitiéAnot hat

presumabl ¥ e enzyhe N-terninus,’ and the base sequence
_(l)sti ﬁlget ﬁg%}gi,qi”ﬁ ihs?évrfgrraq; rr%lt%!gy ihl 8RJUURERABad ddiguehakTeald erm nus.
with the peptide activity (for example, hydantoin racemase
activity) of the peptide encoded by the specific base
sequence. Further, “several bases” refers to preferably no
greater than 10 bases, and more preferably no greater
than 9, 8, 7, 6, 5, 4, 3, or 2 bases.
[0053]
| The DNA ‘including a hydantein racemase gene
‘according to an embodiment of the present invention may
be obtained from, for example, Bacillus sp. KNK519HR, or
may be chemically synthesized. The following describes an
éxample of obtaining target DNA.
[0054]

First, the N-terminus amino acid sequence of
hydantoin racemase purified from a microorganism having
hydantoin racemase activity is determined wusing a
vapor-phase protein sequencer or the like. Then, DNA
primers are synthesized that are designed bésed on the
N-terminus amino acid sequence and the homologous.
sequence of known hydantoin racemase.

[0055]

Next, chromosomal DNA is isolated from the source




run with the chronosomal DNA as a tenplate. As a result, DNA fragnments

including a full-length target hydantoin racenase gene are obtai ned.
[ 0058] Next, the DNA fragnents including the hydantoin racenase gene are
ligated to a vector DNA using T4 DNA ligase or the like and a reconbi nant

pl asm d was obtained. The plasmd is then used to anal yze base sequences
of the -30- DNA fragnent portions including the hydantoin racemase gene
i ntroduced in the vector, and the [)_r%?ence of a coding base sequence of

the N-term nus amno acid sequence “the hydantoin racemase is confirned.
From this,.a transl

At o ' @;ixde OPCEGYAo8benataniiiy med to
determ ner%]r?r&%lga]ne%g:‘ngf ?‘{din%’@fg&g I‘ii'&r?ile%teDNA SO ogt ained or a
r econbi nant sm d epar LAtr i tihe; i Ntprbltgewactor i s
used to f?aﬁiﬁg?ﬁ?ﬂoﬁo?ﬁlc%gﬁol?égﬁﬁsnéyﬁdggbtg%n %rgnsforrrrantes. [ 0060] 5.
Host and Yector . ost_and t SMEGREsSYakem descri bed
in Reconba(ﬁ’zfrﬁ‘)hbai %EFH&%&O&;@%I(%QSBIT?K{I}%%O% DNAéﬁi kkenrnShi shi n)
(Kagaku G jyutsu Ch léﬁnkyu Kai hat sushi tsu, Life Science, revised on
March 22, 1996) maﬁogé sed. For exanple, the host may be a

Using the chromosomal DNA as a template, PCR 1is
run with the DNA primers prepared as above. This
pfoduces part of the target gene.

[0057]

Next, DNA fragments encoding portions facing toward
the N- and C-termini from the partial gene are obtained by
an inverse PCR method (see Nucleic Acids Res.16, 8186
(1988), for example). After determining‘base sequences of
the DNA fragments, DNA primers are prepared based on
the base sequence of the portion that presumably lies
upstream of the enzyme N-terminus, and the base
sequence of the portion that presumably lies downstream
of the enzyme C-terminus. Using the DNA primers, PCR is
run with the chromosomal DNA as a template. As a result,
DNA fragments including a full-length target hydantoin
‘racemase gene are obtained.

[0058]

Next, the DNA fragments including the hydantoin
racemase gene are ligated to a vector DNA using T4 DNA
ligase or the like and a recombinant plasmid was obtained.

The plasmid is then used to analyze base sequences of the




. m croorgani smof Genus Escherichia, Pseudononas, Flavobacterium

Bacillus, Serratia, Corynebacterium Brevibacterium Agrobacterium

Acet obacter, d uconobacter, Lactobacillus, Streptococcus, or Streptomyces.
[ 0061] The vector may be a plasm d, a phage, or a derivative thereof
originating in mcroorgani sms, capable of -self-replication in the host. It
is preferable that -31- Escherichia coli be used as the host m croorgani sm
and that the vector be capable of S f-replication in Escherichia coli.
As such vectors, those readily available to a person ordinary skill in the
art or those comrerci all vai |l abl u ot Al FHaR@mbee exanpl e,
pUCL8 ( TaRitA BAEME .p¥rﬁw&% I?LFEEQHQ%B?%% .)afﬂg%%zz (Takara Bio
Inc.), pACYCl84 (N, ppon, Cene Led) ( By i ofopporation),
pT7Bl ue (FaRar angred .%,l%nﬁgguﬁﬁft\%ﬁi’cﬁ%%cjagﬂ e “produced gy a person

ordinary skill in the art according o the ching 10 ergrghi onal
Publ i cat i oading9 R B361 FCYACHEF v%{]i \9%% 01? F‘%‘ﬁg‘gﬁ\"}%ﬁ %&%%rﬁ}:ura?%er, a

vector may be used that has been modified to ve : g EQhstitutive
pr onot er $©qu@m&ﬁ1§k@n§}$€anﬁ%‘auE??%Waﬁ?)B%Z]COa%fﬁ%%’sfor mant As an

exanpl e of a transformant, transforned
" this, a translation start site and a stop codon are

confirmed to determine an open reading frame.
[0059]

The DNA so obtained or a recombinant plasmid
prepared by introducing the DNA into the vector is used to
transform host microorganisms and obtain transformants.

[0060]

5. Host and Vector

As the host and vector, the host-vector system
described in Recombinant DNA Experiment Guidelines
(Kumikae DNA Jikken Shishin) (Kagaku Gijyutsu Cho,
Kenkyu Kaihatsushitsu, Life Science, revised on March 22,
1996) may be used. For example, the host may be a
microorganism of Genus Escherichia, Pseudomonas,
Flavobacterium, Bacillus, | Serratia, Corynebacterium,
Brevibacterium, Agrobacterium, Acetobacter, Gluconobacter,
Lactobacillus, Streptococcus, or Streptomyces.

[0061] |

The vector may be a plasmid, a phage, or a derivative

théreof originéting in microorganisms, capable of

 self-replication in the host. It is preferable that

:
]
;
%
;
;
i
:



Escherichia coli HB101 (pBHROO1l) is obtained by transform ng Escherichia
coli HB101 with the reconbinant plasm d pBHROOL (Figure 1) that has been
prepared by inserting the target DNA into pUCNT. Plasm d pBHROOL is
specified by the restriction map shown in Figure 1. [0063] The transforned
Escherichia coli HB101 (pBHROO1) obtained according to this nethod. was
deposited on -32- Decenber 12, 2005 at the International Patent O ganism
Depository (1 POD), the National Instgfute of Advanced Industrial Science
and Technol ogy, whose address is Tsukuba Central 6, 1-1-1 Higashi,
Tsukuba, |IhesR&Hchidapali, b30o®ab6 s artte hlas sbepricassirgaadstepéstdory
accessi on nunber FERM BP-10476 (donestically deposited strain originally
deposi t ed 1@ DegeNRAItok5he 2008abis oft salfsteptieditiont ire Bawherighianal
Depository Authority under Budapest Treaty). [0064] Note that, the
reconbi nant,/PNA & agivth qksctisied tRostheeptebentvdilubhe i tn 4 sp&rmmn in the
art, and described; for exanple, in Mlecular Coning 2nd Edition (Cold
Spring Hag*}%n rAHIT YinPrt8%S art989) thewer entm Biot ciedlys availnblecul ar
Bi ol ogy (G'eene Publishing Associates and W ]I ey-Interscience). [0065]
may be used, including, for example, pUC18 (Takara Blo_

Inc.), pUC19 (Takara Bio Inc.), pBR322 (Takara Bio Inc.},
pACYC184 (Nippon Gene Co., Ltd.), pSC101 (Funakoshi
Corporation), pT7Blue (Takara Bio Inc.}, and pUCNT which
can be produbed by a person ordinary skill in the art
according to the teaching of International Publication
WO94/03613, or derivativ¢s of these vectors. Further, a

vector may be used that has been modified to have a

strong constitutive promoter for enhancing enzyme
- production. : '
[0062]

6. Transformant

As an example of a transformant, transformed

Escherichia coli HB101 (pBHRO001) is obtained by

transforming Escherichia coli HB101 with the recombinant
piasmid pBHROO01 (Figure 1) that has been prepared by
inserting the target jDNA into pUCNT. Plasmid pBHROO! is
specified by the restriction map shown in Figure 1.
[0063]
The transformed Escherichia coli HB101 (pBHROO1I)

obtained according to this method was deposited on




The transformant is cultured using common culture medium Comon culture
medi um shoul d contain nutrients such as a carbon source, a nitrogen
source, and an inorganic salt. Desirable results are often obtai ned by
suppl ementing the culture nediumw th a trace anount of organic nutrients
such as vitam ns and am no acids. Suitable exanples of a carbon source are
carbohydrates such as glucose or sucrose; organic acids such as acetic
-33- acid; and al cohols. Exanples Qfs _nitrogen source include: ammonium
salt, aqueous ammoni a, ammoni a gas, Urea, Yyeast extract, peptone, and corn

st eep PRI go0F i B (5386 rRallonaF | mesn OOSgARE m agnesi U

sal t, 1um sa calciumsalt, iron salt, sulfate salt,

and chl or 066] I neﬂléﬁtﬁtgemer@au@@ld@ﬂge of
gener al | y%%% ofgc( Igaaf)#ore Bre %ﬁab y1 25C to 37C. A pH range of

cul turi nglleﬁLgﬁenergl S%égﬂ%fnﬁouandxgr ?lfr%lq)ggy *hdde’- addiacukgure method

may be ba S requ an enzyne |ndUC|ng process

b f by ad
im:gpr ogyIO@[r Ollr‘ﬁl a(3 Iﬁrbtzﬁﬁzct O’Slb I ? (Tj%?g ac?ggekulfo%lbara fet hod of
| /Iz(rzlog.um ng %)Ft)éﬁal Ibyoécéég% I\I-é:g(ribaﬂ%l anb%%n Aglsglé)ﬁegpt H%ﬂds\it@ﬁf' ve Am no

accession number FERM BP-10476 {domestically deposited
strain originally deposited on D_ecember 15, 2004 was
transferred to the International Depository Authority
under Budapest Treaty).

[0064]

Note that, the recombinant DNA technique used_ in
the present invention is known in the art, and described,
for example, in Molecular Cloning 2nd Edition (Cold
Spring Harbor Laboratory Press, 1989), Current Protocols
in Molecular Biology (Greene Publishing Associates and
Wiley-Interscience).

[0065]

The transformant is cultured using common culture
medium. Common culture medium should contain
nutrients such as a carbon source, a nitrogen source, and
‘an inorganic salt. Desirable results are oftén obtained by
supplementing the culture medium with a trace amount- of

~organic nutrients such as vitamins and amino acids.
Suitable examples of a carbon source are carbohydrates

- such as glucose or sucrose; organic acids such as acetic




The followng will describe a nmethod for efficiently producing optically
active N-carbanylanmino acid or optically active am no acid, using
hydant oi n racemase of the. present invention. An optically active

N- car banyl ami no aci d according to an enbodi nent of the present invention
can be produced by conversion froma 5-substituted hydantoin conmpound in
the reaction catalyzed by hydant oi nase, according to the nethod -34-
represented by Reaction Fornmula (1).g3dhe N-carbanylam no acid so produced
can be converted into the amino aC| by hydrolysis under the action of

car bany! a 8 aaﬁ{(? egﬁl%‘ﬂﬂmédr@ké%?ple@@@rﬁlrﬂgrbgehhgoun‘ebhndchﬁqbeesent ed by
Reacti on Her e usi ng hydantoi n racemase together, the

optically gﬁ‘ﬁi}@'ﬁ%ﬁ csae[llagﬁ(é aghfin@niapt hedidonact gae, antea, aci d can

be produc icle quantitatively fromthe 5- substit ut ed

hydant oi n_conpoun a leat ef [ 0068
|% ordelr t)fgag;&()%{agfa%eﬁ%%?l e, a%&’"&oﬁ}f'esrﬂe‘é% llrcfﬁ@f“ Eﬁia@@ eatef | ]

'y active N-Carbanylamno acid, it is
inmportant in the presen d Hediagamasg tof the
present _iarﬂ/em? PRE %%dﬂt &[t% V\?ﬁbsmﬁr%o?{r}%?e havi ng stgreo
sel ect i vi Ly, Ln;producipg nve.gﬁatl%%' C?%lty AHLYEnAMdAt, agkéin thigchydant oin

racenmase -on

sulfate salt, and chlorine.
[0066]

Culturing is performed in a temperature range of
generally 25°C to 40°C, and more preferably 25°C to 37°C.
A pH range of culﬁuring is generally 4 to 8, and preferably
5 to 7.5. The culture method may be batch-wise or
continuous. As required, an enzyme inducing process may
be performed, | for example, by adding

7 isopr_opyl—l'l~thio-BvD~ga1actoside (IPTG) or lactose.
[0067]

7. Method of Producing Optically Active N-carbamylamino

Acid or Optically Active Amino Acid

| The following will describe a method for efficiently

producing optically active N-carbamylamino acid or

thically'active amino acid, using hydantoin racemase of

the.  present invention. An optically active
'N—carbamylamino acid according to an embodiment of the

present invention cran be produced by conversion from a

5-substituted hydantoin compound in the reaction

catalyzed by hydantoinase, according to the method




t he hydant oi nase having stereoselectivity may be used together to first
produce optically active N-carbanylamno acid, which is then converted
into the am no acid by using N-carbanyl am no acid am dohydrol ase or by
chem cal decarbanylation. Alternatively, the amno acid may be produced
by using the hydantoin racenase of the present invention together with
hydant oi nase and N-carbanyl am no acid am dohydrol ase. Wen using - 35-
hydant oi nase and N-carbanyl am no aci §4am dohydrol ase together, the
optically active am no acid can be obtained when only one of the enzynes

has ster e%%'r%%%h‘ﬂe@’- [0{%69] Be ablydant oi nRsemihEa hydaiij oi nagéées an
enzyne wwth the activity to hydrolyze a derivative of 5-substituted

nyaant ol n NQa i LElAG RIS TALRE 16 ilodheaabaryl ail roracidedTheto

hydant oi nase used 1'n the present invention may originate in animals,

pl ant s, or,y/7 CLOALGRNI SERY PG, PGl $R0SEn@EL 0l 1A | ng: i efoor gani s

are prefer I ndustri a use. Any m croorgani smmy be used as | ong

o oS DA ALOUELE Ayl Tablgngg! st sumere of the
[0070] Asmtey:]ﬁoﬁydraenﬁ%gﬁge&h%& CRLELYARS BdPhMhac!(Bct iHere, by

| using hydantoin racemase together, the optically active
N-carbamylamino acid or optically active amino acid can

Be produced both efficiently and gquantitatively from the
5-substituted hydantoin compound, which has a slow
chemical racemization rate.

[0068]

In order to produce the optically active
N-carbamylamino acid, it is important in the present
invention that the hydantoin racemase of the present
invention be used together with hydantoinase having _ }
stereoselectivity. In producing the optically active amino

acid, the hydantoin racemase of the present invention and

the hydantoinase having stereoselectivity may be used

together to first produce optically activ¢ N-carbamylamino
acid, which is then converted into the amino acid by using
charbamyla_mino acid amidohydro.lase or by chemical
decarbamylation.  Alternatively, the Vamino acid may be

produced by using the hydantoin racemase of the present

invention together with hydantoinase and

N-carbamylamino acid amidohydrolase. When wusing




hydrol ysis, those originating in the followng mcroorgani sns may be used.
Bacteria of Genus Acetobacter, Achronobacter, Aerobacter, Agrobacterium

Al cal i genes, Arthrobacter, Bacillus, Brevibacterium Corynebacterium

Ent erobacter, Erwi nia, Escherichia, Klebsiella, Mcrobacterium

M crococcus, Protam nobacter, Proteus, Pseudononas, Sartina, Serratia,
Xant hononas, Aerononas, Flavobacterium Rhizobium Actinonycetes of -36-
Genus Actinonyces, Mycobacterium N tdia, Streptonyces, Actinoplanes,
Rhodococcus. Mol ds of Genus Aspergillus, Paecilonyces, Penicillium Yeasts
of Genus pCongl (3 R Gltha NRRQUIH AmTes Wil smifiobiidrolmmg t hese
exanpl es, hydantol nase originating in Agrobacterium Bacillus,

- Pseudomon hZORi ARy Bkefe abinenol @078] cakbbe pieldnatd e i s
hydant oi ngééegi??qﬁﬁﬁg’ﬁ 'E’SH%AEXW obact erium sp. KNK712 ( FERM BP- 1900)

Baci | | us sp, 4 =H853esPEUIOEHRIS UL tidaty FO12996,
Pseudononds %%%g’dgé;%%eé‘nslsl), and Rhi zobi um sp. KNK1415 ( FERM
BP-4419). [0073] Afo&%% hydant oi nase t hat catal yzes L-form sel ective
hydrol ysis, those otfiginating in Bacillus, Flavobacterium

8. Hvdantoinase

The hydantoinase is an enzyme with the activity to
hydrolyze a derivative of 5-substituted hydantoin to
produce a derivative of N-carbamylamino acid. The
hydantoinase used Vin the present invention may originate
in animals, plants, or microorganisms, among which those

. originating in microorganisms are preferable for industrial
use. Any microorganism may be used as long as it is
capable of producing the enzyme. The following lists some
of the microorganisms that are known to be capable- of
producing the enzyme.

[0070]}

As the hydantoinase that catalyzes D-form selective
hydrolysis,  those originating in the following
mi-croorg.anisms may be wused. Bacteria of Genus

_Acefobacter, Achromobacter, Aerobacter, Agrobacterium,
Alcaligenes, Arthrobacter, Bacillus, Brevibacterium,
Corynebacterium, Enterobactér, Erwinia, Escherichia,
Klebsiella, Microbacterium, Micrococcus, Protaminobacter,
Proteus, Pseudomonas, Sartina, Serratia, Xanthomonas,

Aeromonas, Flavobacterium, Rhizobium. Actinomycetes of




Art hrobacter, Pseudononas, and Nocardia may be used. [0074] Cells that
exhibit strong activity to efficiently produce hydantoi nase at high yield
can be effectively obtained by producing transforned m croorgani snms as
known in the art. A nmethod of producing such mcroorganisns is taught in
| nternational Publication W96/20275, for exanple. As taught in this
publication, -37- hydantoi nase gene is first cloned frombacterial strains
havi ng hydant oi nase activity, and thﬁgene is inserted into a vector to
produce a reconbi nant plasmd, which is then used to transform suitable

host cell g, .. The recoghinanh Q@Atechﬂzmd&elfw in tNecartlia] 0075]
Exanpl es %‘e%%gh tr a‘ﬁ?borma 'E:s fhat produce D-form sel ective hydantoi nase

At oh Vil Riuds. EsEheiecy, soléabBodblspTiolad SFERMIGR 66

contai nin Of nase gene originating 1n Bacillus sp. KNK245 (FERM

BP-4863) ; [Escher.ichi L i | A 5 iy
hydant oi) né‘s%? ed?ﬂrji?eﬁ‘oslr ?g}? (%%’%EIE‘E&?#QAE% gég%l?grgﬁgﬂm ggaéﬁﬁlK)ﬂfgm(}E%gMﬁ EI% iQOO) ;

Pydant of neCIQIAR BHIGHIth: KA A7E0 R dun e op.  KNKDO3A-( FERM BP- 3181).
as di scl osed _i n | nw{)geﬁl onal Publication W96/ 20275.

Among these examples, hydantoinase originating in

Agrobacterium, Bacillus, Pseudomonas, and Rhizobium is
- preferable.
[0072]

More preferable is hydantoinase originating in
Agrobacterium sp. KNK712 (FERM BP-1900), Bacillus sp.
KNK245 (FERM BP-4863), Pseudomonas putida IF0O12996,
Pseudomonas sp. KNKO003A (FERM BP-3181), and
Rhizobium sp. KNK1415 (FERM BP-4419).

[0073]

As the hydantoinase that catalyzes L-form selective
hydrolysis, those originating in Bacillus, Flavobacterium,
Arthrobacter, Pseudomonas, and Nocardia may be used.

| [0074] |

Cells that exhibit strong activity' to efficiently
produce hydantoinase at high yield can be effectively
‘obtained by produ.cing transformed microorganisms aé
known _in. the art. A method of producing such
-microorganisms 1is faug'ht' in International Publication

W096/20275, for example. As taught in this publication,




[0076] The production of hydantoi nase by the transformants, or the
producti on of hydantoi nase by the bacterial strains having hydantoi nase
activity may be performed using comon nutrient nediumas taught in, for
exanple, International Publication W96/20275. As required, an enzyne

i nduci ng process nay be perforned. [0077] -38- 9. N-carbanyl anino acid
am dohydrol ase N-carbanyl am no aci d am dohydrol ase is an enzyne that

exerts its action in the hydrolysis of the N-carbanmylanm no acid derivative
to produce the amno acid derivative. As wth hydantoi nase, the

o car e h§ladtoifide geﬂ%yfg qifge dparbd Nd preasental istreitson may

ori gl nate tn ani ma ants m cr oor gam SN, anbng whi ch t hose

ori 91 nat| g e 81 AE0LIANLSTRCRRALPY ekl ableeghak ingustriad inse. Any

m croor ga € used as a source of enzyne as long as it is capable

of producin %éthfrhigzgﬂgdu[c%%%ec&ﬁ%f@éﬁ@%l&%mwtsmmﬁrnlsesheh

m cr oor gaffi ave been conventionally used as a source of D-form

e e B DR FIRTNOGg) e, el i coact e
Bl ast Obacb?l\liA technique is known in the art.
[0075]
Examples of such transformants that produce D-form
selective hydantoinase at high yield include: Escherichia
coli HB101 pTH104 (FERM BP-4864) containing a
hydantoinase gene originating in Bacillus sp. KNK245
.' (FERM BP-4863); Escherichia coli HB101 pAH1043 (FERM
BP-4865) containing a hydantoinasé gene or‘iginatiﬁg in
Agrobacterium  sp. KNK712 (FERM BP-1900); and
Escherichia coli HB101 pPHD301 (FERM BP-4866) |

containing a hydantoinase gene originating in

Pseudomonas sp. KNKOO3A (FERM BP-3181), as disclosed
in International Publication W096/20275.
[0076]

The production of hydantoinase by the transformants,

or the production of hydantoinase by the bacterial strains
having hydaﬁtoinase activity may be performed using
common nutrient medium as taught in, for example,
International Publication W096/20275. As required, an
enzyme inducing process may be performed.

[0077]



Bradyr hi zobi um Brevi bacterium Comanonas, Flavobacterium Moraxell a,
Paracoccus, Pseudonpbnas, Rhizobium Serratia, and Sporosarcina, as taught
in Japanese Exanined Patent Publication (Tokukosho) No. 57-18793,
Japanese Examined Patent Publication (Tokukosho) No. 63-20520, Japanese
Exam ned Patent Publication (Tokukohei) No. 1-48758, and Japanese
Lai d- Open Patent Publication (Tokukaihei) No. 6-233690. 1 -39- [0079] Ampng
t hese exanpl es, m croorganisns of Cesgls Agrobacterium Bl astobacter,
Comanonas, Pseudononas, and Rhi zobium are preferable as a source of the

enzyme. HOGEY 5 A RRAGHEIh M A SE akiNEHdRyEFERM8BP- 1900),  Rhi zobi um sp.
KNK1415 (FERM BP-4419), and [ Pseudononas sp. KNKOO3A (FERM BP-3181) are

more preferabl §_as8:58Y(£&i0b bcsdr hamd ehideotasd isarm viase. [0081
Art hrobacter, Elcrobact erium and Pseudormlggs are exanpl gityzoi%r [ !

mi croor gapy, 5s Lhat-chavebeencgopyenth onahley Wgedohssia sl cettod
N- car barrypgm no aci 5 am dohydrol ase that cat aﬁzesﬁtsshe L-form sel ective

hydr ol YS! §-carbamylamino acid derivative to produce the amino

acid derivative. As with hydantoinase, the
charbamyl-amino acid amidohydrolase used in the present
invention may originate in animals, plants, or
microorganisms, among which those originating in
microorganisms are preferable for industrial use. Any
microorganism may be used as a source of enzyme as long
as it is capable of producing the enzyme.
[0078]

The following lists examples of microorganisms that
have been conventionally used as a source of D-form
selective N-carbamylamino acid amidohydrolase.
Achromobacter, Aerobacter, Aeromondas, ‘Agrobacteriu.m,
Alcaligenes, Arthrobacter, Bacillus, Blastobacter,
Bradyrhizobium, Brevibacterium, Comamonas,
Flavobacterium, Moraxella, Paracoccus, Pseudomonas,
Rhizobium, Serratia, and Sporosarcina, as taught in
Japanese Examined Patent Publication (Tokukosho} No.
57-18793, Japanese Examined Patent. Publication
(Tokukosho) No. 63-203520, Japanese Examined Patent
Publication (Tokukohei) No. 1-48758, and Japanese

‘Laid-Open Patent Publication (Tokukaihei) No. 6-233690.




[0082] The m croorgani sns as exenplified above may be wldtype strains or
mut ant strains that have been nmutated to inprove N-carbanylam no acid

am dohydrol ase activity. Further, the m croorgani sns may be transfornmants
that have been obtained to produce N-carbanylam no acid am dohydrol ase at
hi gh yield. [0083) Transforned mcroorgani sns that efficiently produce
N-car banyl am no aci d am dohydrol ase at high yield are -40- obtained by a
met hod taught in International PublLigation W92/10579, for exanple. As
taught in this publication, N carbanylam no acid am dohydrol ase gene is
first cloned fromypaeterial strains having N-carbanyl am no acid

am dohydrol ase activity, and the gene is inserted into a vector to produce

a' reconbi nant &Egé bt WeC he k 8t PRI, Usadrborgaabshoy mofuiGeabiie host
cells. [0084] aﬁ%l es of such transformants that produce D-form

sel ective ’ | NG aGiH pataphy Dk astortshi Fsewdendrias| ude:
Escheri ch‘ﬁgrgglail&lgm (E)BA{%%IOS) (FEW BP-3184) containing an

N- car bany] am aci ' 8Ne @i the: emzAgnebact eri um sp.
KNK712. ( EERR @E@éé’%&”ﬁ%ﬁ%%‘gﬁﬁ%ﬁﬁﬁn?er national Publication W92/ 10579,

Escherichia coli JI\/P&?SO]

Agrobacterium  sp. KNK712 (FERM  BP-1900),
Rhizobium  sp. KNK1415 (FERM BP-4419}, and
Pseudomonas sp. KNKOO3A (FERM BP-3181) are more
preferable as a source of N-carbamylamino acid
amidohydrolase.

[0081]

Arthrobacter, Microbacterium, and Pseudomonas are
examples of microorganisms that have been conventionally
used as a source of N-carbamylémino acid amidohyd‘rolase
that catalyzes the L-form selective hydrolysis.

[0082]

The microorganisms as exemplified above may be
wildtype strains or mutant strains that have been mutated
to improve N-carbamylamino acid amidohydrolase activity.
Further, the microorganisms may be transformants that
-h_ave been obtained to produce N-carbamylamino acid
amidohydrolase at high yvield.

[0083]
Transformed microorganisms that efficiently produce

" N-carbamylamino acid amidohydrolase at high yield are




(pPD304) (FERM BP-3183) containing an N-carbanylam no acid am dohydrol ase
gene originating in Pseudononas sp. KNKOO3A (FERM BP-3181), and
Escherichia coli HB101 (pNT4553) (FERM BP-4368) containing an

N- car banyl ami no aci d am dohydrol ase gene originating in Agrobacterium sp.
KNK712 ( FERM BP-1900) that have been genetically nodified to inprove heat
resi stance as described in International Publication W94/03613. [0085]

- The production of N-carbanyl am no acigl_-41- am dohydrol ase may be perforned
by culturing mcroorgani sns having N carbanylam no acid am dohydrol ase

activi ty, o Bigiy} ¢@nsf ok N dhereRefh uSirn I tepfmIeio cul tRublitetiods
Culturing s generally performed using liquid nutrient nmedium but solid

surface "guhbure gByoberdised 5 el As Melh g s switp! pusblfeationi( h a
IZzed C

normal |y uti afbon 'source, nitrogen Source, and inorganic salt

nutri ent Spﬁﬁ%ﬁﬁ%&@%@%ﬂ ?E?@iﬁnid@}ﬁ)’ﬁfbla'ste genR ¢f dipdl elohad

accunul at anyl'am no aci d "am dohydrol ase be enhanced by addi ng

2 smel | arunl Ha bk AT 19,2605 AUShngs wichybuaryphandal vediee and

phenyl gl y | HE: rb -a-am no-aci ds such as N-carbanyl - et hi oni ne |
and N-car g?nn%/c{o_ 989315{313'661”&@3;&&{3},' In @ BPSEELBL 8¢ inserted into a |
vector to produce a recombinant plasmid, which is then ;

used to transform suitable host cells. |

[0084] | )

Examples of such transformants that produce D-form 1

seléctive N-carbamylamino acid amidohydrolase at high %

yield include: Escherichia coli JM109 (pAD108) (FERM ;

BP-31 84) containing an N-carbamylamino acid |
amidohydrolase gene originabting in Agrobacterium sp. %

KNK712 (FERM BP-1900) described in International |
Publication WO092/10579, Escherichia coli JM109 %

(pPD304) (FERM BP-3183) containing an N-carbamylamino |

acid amidohydrolase gene originating in Pseudomonas sp.

KNKOO3A (FERM BP-3181), and Escherichia coli HB101

(pNT4553) (FERM BP-4368) containing an
N;carl;)amylamino acid amidohydrolase géne originating in
Agrobacterium sp. KNK712 (FERM BP-1900} that have been
genetically modified to improve heat resistance as
‘described in International Publication W094/036 13.

[0085]

The production of N-carbamylamino acid




hydant oi ns such as 5-(4-hydroxyphenyl)hydantoin and 5-phenyl hydant oi n;
(iv) pyrimdine netabolites such as wuracil, dihydrouracil, and
(3-ureidopropionic acid; (v) urea; (vi) metal ions such as Fe2+ Fe3+ Be2+
Coz+, Al3+, Li+, M2+ Mt+, and Cs+; or (vii) enzynme inducing agents such
as isopropyl- |-thio-(3-D-galactoside (IPTG and | actose. The
concentration of such substance enhancing production of N-carbanylam no
acid am dohydrolase in nediumis seliected froma range of no less than 0.1
mM and no greater than 10 nMfor netal ions, and no |less 42- than 0.01 |
wei ght % and 09, &AL th#Ra} Webght Yekfsrmeiher tsubstaritusing0086]
Culturing is perforned in a tenperature range of° generally no 1Idess t han
20C and no .qr : 85C, 1anAnr ef enallarbaankeamirian 25@cadd no
greater t%%réggéng%%{ga pH rangélggf general ly ngel ess than 4 and no
greater tha 1 r ef ar y I P and thegrofatesingt han. 9. |
M cr obi al aﬂ}%\ﬂwcﬁl‘g&}%bs% %a‘%rl??! at g%dbgq/E%ggtrSgtai on and agitation. [0087] 10.
Enzyme In the present ,i nti hyd iRifacernase, gehgdalityoi nase, and |
N- car banyPAHHE i 8%%ﬂ§§hyﬁoﬁtgy§%'my@l§§%2%gi n the %or m of v
m cr oor gani SpB havj n

perior

med u%i}lrg]eliquid nutrient medium, but solid surface

culture may be used as well. Medium is supplemented
with a normally utilized carbon soufce, nitrogen source,
and inorganic salt nutrients essential for microbial
growth.

It is preferable that accumulation of
N-carbamylamino acid amidohydrolase be enhanced by
adding a small amount of (i} amino acids such as
4-hydroxyphenylglycine and phenylglycine; (11)
N-carbamyl-a-amino acids such as N-carbamyl-methionine
. and N—carbamy'l—phenylalanine; (iii) 5-substituted
hydantoins such as 5—{4—hydroxyphenyl)hydantpin and
5-phenylhydantoin; (iv) pyrimidine metabolites such as
uracil, dihjfdrouracil, and B-ureidopropionic acid; (v) urea;
(vi) metal ions such as Fe2*, Fed+, Be2*, Co2*, AL+, Li%,
Mn2+, Mg2+, and Cs*; or (vii) enzyme inducing agents such
és isopropyl-1-thio-p-D-galactoside (IPTG) and lactose.
The‘ concentration of sﬁch substance enhancing
production of N-carbamylamino acid amidohydrolase in
' ﬁmdium is selected from a range of no less than 0.1 mM

and no greater than 10 mM for metal ions, and no less




enzynme activity, or processed products of such mcroorganisns, in addition
to be used as enzynes per se. As used herein, the "processed products of
m croor gani snms" nmeans crude extracts, freeze-dried cultured cells,
acetone-dried cells, or disrupted cells of these processed products.
[0088] Further, the enzynes may be used as fixed enzynes that are
prepared by fixing the enzynes either directly or in the form of

m croor gani sms, using known neans. - 3 Fi xation may be perforned by

met hods known in the art, for exanpl’@ such as a crosslinking method, a
coval ent ondi ao c qQQQ{ ti eRametihogdei %efibt apment .

Sui tabl e é?%ﬁg|ngg?&nﬁgﬁﬁpégPdﬁgegh%o |;E the enzynes %ﬂglude pheno

f or mal dehy s%ﬂg%éﬁb e resin such as Duolite A-568 or DS-17186 ( Rohm
and Haas any:”"regiStered tradenarks); and various kinds of anion
exchange resins mntg fus am nes or ammonium salts or diethanol am ne
functional groups, 9 % esented by polystyrene resins such as Anberlite

Lovat i 55?33? ?Biﬁigf’nla ol <PEPREFTREG KR, PR A, R8s o (Slbi s

'S’Ef\g‘_gg:  BeRaralony {qeq%e%gereagea;ggbmg@efata%ﬁ g8, fnd

preferably no less than 25°C and no greater than 60 C,
and a pH range of generally no less than 4 and no greater
-than 11, and preferably no less than 5 and no greater
than 9. Microbial growth may be facilitated by aeration
and agitation_.

[0087]

10. Enzyvme

In the present invention, the hydantoin racemase,
hydantoinase, and N-carbamylamino acid amidohydrolase
may be used in the form of microorganisms having the
enzyme activity, or processed products of such
microorganisms, in addition to be used as enzymes per se.
As used herein, the “processed products of
microorganisms” means crude extracts, freeze-dried
‘cultured cells, acetone-dried cells, or disrupted cells of
these processed products. |

[0088]

Further, the enzymes may be used as fixed enzymes

that are prepared by fixing the enzymes either directly or

in the form of microorganisms, using known means.




[0089] 11. Enzyne Reaction In an enbodi nent of the present invention, the
enzyne reaction nmay be perforned as follows. In the present invention, the
5-substituted hydantoi n conpound used as the substrate of enzyne reaction
may be any of a D-form an L-form a racemate, and a m xture of D-form
and L-formof arbitrary proportions. As the substrate of enzynme reaction,
a 5-substituted hydantoin conpound may be used, and preferably a
5-substituted hydantoin -44- conpoun represented by General Formula (1) is
used. [0090] Here, R represents an a?kyl group having 1 to 20 carbon

atoms wi ta0r g AUl & SHRAILEHRN  bANmAIHIYS k@6aup ihathrgalti o 20

carbon at substituent, or an aryl group having 6 to

20 carbon,at ons t hou t o dl kylcgvalymof R having
1to 20 cfa?'bo?f(%%e’w%hcv}%rgg\n t%ha%ﬁl?)lé%%%%ggtﬁle%t nay b% but i s not

particul a I | m ted a net QhOPH et P, adyd | sobut yl
group, aEE wbdgrg%pw%ygg army%omgw group, a 2-carbanoyl

ﬁé?ﬁéptgﬁé‘f‘lﬁ;aa “éﬂ%‘”%@%éi %f%&o%l%ﬁiﬁ%%ﬁgﬁﬁgm dsep LR fix

é}oggr C:pgﬁgs}?%&gﬁ/@% %MHﬁfg.guRen%lcﬂlqﬁ@m@h?fﬂe gauRy ex@hZnt@é boxyet hyl
resin such as Duolite A-568 or DS-17186 (Rohm and Haas
Company: registered trademarks); and various kinds of
anion exchange resins with various amines or ammonium
éalts or diethanol amine functional groups, as represented
by polystyrene resins such as Amberlite IRA935, IRA945,
TRA901 (Rohm and Haas Company: registered trademarks),
Lewatit OC1037 (Bayer: regisfered trademark), and Diaion
EX-05 (Mitsubishi Chemical Corporation: registered
trademark). A support made of DEAE-cellulose or the like
may be used as well.

[0089]

11. Enzyme Reaction

In an embodiment of the present invention, the
enzyme reaction may be performed as follows. In the-
present invention, the 5-substituted hydantoin compound
used as the substrate of enzyme reaction may be any of a
D-form, an L-form, a racemate, and a mixture of Dl—form
"and L-form of arbitrary proportions. As the. subsf.rate of
enzyme reaction, a OS5-substituted hydantoin compound

‘may be used, and preferably a 5-substituted hydantoin




3- guani di nopropyl group, a 4(5)-im dazole methyl group, an ethyl group, an
n- propyl group, an n-butyl group, a nethoxynethyl group, a 2-hydroxyethyl
group, a 3-am nopropyl group, a 2-cyanoethyl group, 3-cyanopropyl group,
4- (benzoyl am no) butyl group, or a 2-nethoxycarbonyl ethyl group, for
exanpl e. The aral kyl group having 7 to 20 carbon atons with or without a
substituent may be, but is not particularly limted to, a benzyl group, an
i ndol yl met hyl group, a 4-hydroxybenzy} _ group, or a

3, 4- net hyl enedi oxybenzyl group, for exanple. -45- The aryl group having 6

to 20 car | HBOUt e eTSE bR (BYyibeisddit is not
parti cul agﬁ@ﬁﬁﬁ%b?gségtgﬁeﬁgl Sroup or a 4- hygfq%/)xyphenyl group, for

exanpl e. [0091] UsLd}ggbZe substrate, the reaction is perfornmed in an
aqueous nediumin the presence of the hydantoin racenase, together with

the stereosel egtive ﬁyg%%dfg%ﬁfﬁ af’ at}%ggﬁ goup tHuivdant ot®age® and

N- car banyl am n & d rol ase. action is perfornmed in a

solution . or . suspension_of,suls g ; peceyt rarhpgeviof no | ess
than 0. 195ERPOY APTRS Jreh e%:} ﬁ%&l%‘g&a%mfvb%qéﬁé&ﬁrfore pr ef Ielfi's<'[;1bl y no |ess

ont at i VeEFOUE 1SAEH Ro et End Or CBEEP bt s rE o Fam et e of no
substituent, or an aryl group having 6 to 20 carbon atoms
with or without a substituent. The alkyl group of R having
1 to 20 carbon atoms with or without a substituent may
be, but is not particularly limited to, a methyl group, an
_isopfopyl group, an isobutyl group, a 1-methylpropyl
group, a carbamoyl methyl group, a 2-carbamoyl ethyl
group, a hydroxymethyl group, a 1-hydroxyethyl group, a
mercaptomethyl group, a 2—methy1thioethy1' group, a
(l—mercapto-l—methyl)ethyl group, a carboxymethyl group,
é 2-carboxyethyl group, a 4-aminobutyl group, a
3-guanidinopropyl group, a 4(5)-imidazole meth_yl group,
an ethyl group, an n-propyl group, an n-butyl group, a
methoxymethyl group, a 2-hydroxyethyl group, a
'3¥aminopropy1 group, a 2-cyanoethyl group, 3—cyanopropy1
group, 4-{benzoylamino)butyl group, or a
2-methoxycarbonyl ethyl group, for example. The aralkyl
.group having 7 to 20 carbon atoms with or without a
substituent may be, but is not particularly limited to, a

benzyl group, an indolylmethyl group, a 4-hydroxybenzyl

group, or a 3,4-methylenedioxybenzyl group, for example.




| ess than 10C and no greater than 80C, and preferably no less than 20C and
no greater than 60C, and at a pH of no less than 4 and no greater than 9,
and preferably no less than 5 and no greater than 8. The substrate may be
added continuously. The reaction nmay be perfornmed either in batch or
continuously. The reaction of the present invention may al so be perforned
using a fixed enzyne and a nenbrane reactor, etc. [0092] The aqueous
mediumis suitably selected and may - - _ it -46- water or a buffer, or
a mxture of water or buffer with a Wwater-soluble solvent such as ethanol

Al ternatiyely, e aoq&lﬁo ‘rﬁ%’u y 2a5%otenhten di kdyhr aaystem
i ncl udi ng)fglr?yamb@oé SO ox arnd g ey Je

[0} vent an organic solvent, for exanple, such as

et hyl aceta utyl oljg];%?e, chil@f of O A tom drthewdaely whi ch does
not ~ easi IylhﬁQU\%t S%’?&?ﬁfﬁ{req red’ the aqueous redi um may be

suppl enmented. with an antiox : det £rgent HeRBPZ B foet al , for
exanpl e. E%bt?]& Pn %k elllif ggghrpe?gmgzﬁtl?gn 8%{9g-subst|gt utgg hydant oi n
conpound with the hydantoin racemase of the present invention, only one of
the opti cGFPyHCtive forms of the 5-substituted hydantoin conpound is

hydr ol yzed by (0091]

Using the substrate, the reaction is performed in an
agqueous medium in the presence of the hydantoin
racemase, together with the stereoselective hydantoinase,
or together with hydantoinase and N-carbamylamino acid
amidohydrolase. The reaction is performed in a solution or
suspension of substrate charged to a concentration of no
less than 0.1% (w/v) and no greater than 90% (w/v), and
more preferably no less than 1% (w/v) and no greater than
60% (w/v). The solution or Suspension is tentatively
allﬁwed to stand or stirred at a reaction temperature of no
less than 10°C and no greater than 80°C, and preferably
no less than 20°C émd no greater than 60°C, and at a pH
of no less than 4 and no greater than 9, and preferably no
less than 5 and no greater than 8. The substrate may be
addéd continuously. The reaction may be p'erformed either
in batch or continuously. The reaction of the present
invention méy élso be performed using a fixed enzyme and
a membrane reactof, etc. |

f0092]

The aqueous medium is suitably selected and may be




t he stereosel ective hydantoi nase and converted to { optically active
N-car banyl am no acid. As required, the optically active. N carbanylam no
acid is further converted to an optically active am no acid by using

N- car banyl am no aci d am dohydrol ase. The optically active am no acid may
alternatively be obtained by a chem cal decarbanyl ation reaction, w thout
using N-carbanylam no acid anm dohydrol ase. [0094] The optically active
N- car banyl am no aci ds and optlcally ctive am no acids so obtained can be
isolated -47- and purified by or di rat “separation nethods, for exanple,

such as ext ractl on entration t ald o] I
chr onmat ogF’V abgug%%%’n‘ﬁ) ngt |r% L%/ISet E)gsg%?@r Egdghf[%lg&g{ml The

t |l t ¢ hod
accor gl ny Wt %Xge?e%éﬁ? it peéité%ﬁ'%%ﬁ@en@t&f%&%‘i il oty

ion is repfresented by, for

~exanple, CGeneral F | f | D |
hi(chbawlaQBle“;(g%ﬁedglg a (ééﬂia 8 C Vit ﬁ’gR e‘i{- %ﬁggm% %’ér?oérrfleuc?ﬁgl "
N- banyl - D- | N- b {ei ne,

- car bany HnBlpEing; Lﬁgwgﬁécgnﬂvzﬁﬁﬁ B Gidhy Phpaf fos SRR ey St el ne

N- car banyl - D- phenyl gl yci ne, and
r_ryexanqpley sgu%ghI as ethyl acetate, butyl acetate, toluene,

chloroform, or n-hexane, which does not easily mix with
water. As required, the aqueous medium may be
supplemented with an antioxidant, a detergenﬁ, a
coenzyme, or metal, for example.

[0093]

In sum, in the recemization of 5~substituted
hydantoin compound with the .hydantoin racemase of the
present invention, only one of the optically active forms of
the 5-substituted hydantoin compound is hydrolyzed by
the stereoselective‘ hydantoinase and converted to
optically active N-carbamylamino acid. As required, the
optically active N-carbamylamino acid is further converted
to an optically active amino acid by  using
N-carbamylamino acid amidohydrolase. Thé' optically
_a_étive amino acid may alternatively be obtained by a
‘chemical decarbamylation reaction, without using
N-carbamylamino acid amidohydrolase.

[0094]
The optical-ly. active N-carbamylamino acids and

optically active amino acids so obtained can be isolated




N- car banyl - D- 4- hydr oxyphenyl gl yci ne. The optically active amno acid

obt ai ned by a producing nethod according to an enbodi nent of the present
invention is represented, for exanple, by CGeneral Forrmula (3). Specific
exanpl es include: D Ieucine, Disoleucine, Dvaline, D norleucine,

D-norval i ne, D-nethionine, D-cysteine, D penicillamne, D phenylalanine,
D-phenyl gl yci ne, and D-4-hydroxyphenyl gl yci ne. EXAMPLES [0096] 48 _  The
foll owi ng describes specific exanples of the present invention. The present
nvention is not limted by the exarﬁﬂ es below. [0097] (Exanple 1)

Puri fi ti f t Oi Baci | . . JKNK5E19HR ( FERM BP- 10477
we || moeurate it iRgy B FASRaR seattin PRaukOaRy T, FRERIE O O
shown i n Tabl % 1. The cells were cultured.. aerobically.at, 30C for. 17 hours
wi th shaki NgChy 0888] CXTTaBHO™ EPPEENTatian, @rycselig BN P04 0. 454%

12HP . 620% N
NazHPoL 0 go{)ufnn chromatography, or by a combination of these

methods.
[0095]
The optically active N-carbamylamino acid obtained
by a producing nﬁethod according to an embodiment of the
present invention is represented by,l for example, General

Formula (2). Specific examples are N-carbamyl-D-leucine,

N-carbamyl-D-isoleucine, N-carbamyl-D-valine,
N—éarbambe—norleudne , N-carbamyl-D-norvaline,
N-carbamyl-D-methionine, N-carbamyl-D-cysteine,

N-carbamyl-D-penicillamine, N—carbamyl—D—phenylalanine,
N-carbamyl-D-phenylglycine, | and
_ N-carba‘myl—D—4—hydroxypheny1glycine. The optically
active amino acid obtained by a producing method
according to an embodiment of the present invention is
'represented, for example, by General Formula (3). Specific
examples include: D—Ieucine, -D—isoleuc-iﬁe, D—valine,
D—norleucine, D-norvaline, D-methionine, D-cysteine,
D-penicillamine, D-phenylalanine, D—phenylglycine, and

D-4-hydroxyphenylglycine.

EXAMPLES

[0096]




NH4 2SO4 0.65% M SO4 7H20 0.05% MhC 2 4H20 0. 002% FeS04-7H20 0. 002%
CaCl22H20 0. 002% Gitrate-Na-2H20 0.032% Yeast extract 0.1% DL-5- 2-Meth
| thioeth 1 hydantoin 0.05% DL-5-Mthyl hydantoin 0.05% DL -5-Ben |
hydantoin 0.05% [0099] The medi um was adjusted to pH 7 and sterilized with
an autocl ave prior to use. The glucose was sterilized separately fromthe
ot her conponents and added to the nediumafter sterilization. The vol une
of mediumin the 49- flask was 300 m8 [0100] After culturing, the cells
were collected by centrifugation a’nﬁ suspended in a 50 nM pot assi um

phosphat e buf f gt (Pl 7, 0); eontalguiage] MAGLIML olhbabs (TTine Al Ler

soni cating the | 'S were centrifuged again and the supernatant

was obtained as a.crude. en ' o n MY UM Sty Was added
to the cﬂf&@e&f—zﬁﬂgegg}%i @#”%ﬁ%%%g’}%&%gg ur ationtgJ and -t he’ sal t - out
preci pitat % was obt ?i n%d b)év centrifugation.

the examples below.

[0097]

(Example 1) Purification of Hydantoin Racemase

Bacillus sp. KNK519HR (FERM BP-10477) was
inoculated in medium (500 ml Sakaguchi flask) with the
composition shown in Table 1. The cells were cultured

aerobically at 30°C for 17 hours with shaking.

[0098]
[Table 1]
Glycerin 1.0%
Glucose 0.5%
KHaPO4 0.454%
NasHPO4 0.620%
| {(NH4)2S04 ' 0.65%
MgSO4 TH20 0.05%
MnClz4H20 0.002%
FeSO+7H20 ‘ 0.002%
CaCly2H0 . 0.002%
Citrate Na 2H20 0.032%
| Yeast extract 0.1%
DL-5-(2-Methylthioethyl} hydantoin 0.05%
DL-5-Methyl hydantoin 0.05%
DL-5-Benzyl hydantoin 0.05%
[0099]

The medium was adjusted to pH 7 and sterilized with
‘an autoclave prior to use. The glucose was sterilized
separately from the other components and added to the

medium after sterilization. The volume of medium in the




The precipitate was dissolved in a 50 nmM potassium phosphate buffer (pH
7.0) containing 1 nM DIT and dialyzed with the sane buffer. This was

foll owed by colum chromatography using a TSKgel DEAE Toyopearl 650M
(Tosoh Corporation), in which elution was performed wth a 50 mM potassi um
phosphate buffer (pH 7.0) containing 1 nM DTT, under O to 0.6 M NaCl
gradient. As a result, active fractions were obtained. The fractions were
suppl enented wi th amonium sul fate to 1.5 M and colum chronat ography was
performed using a TSKgel Phenyl Toy‘oﬁ@a’rl 650M ( Tosoh Corporation), in

whi ch el utjon was p orned with a 50 nM pot assi um phosphate buffer (pH
7.0) cont aidﬁ‘% ‘Taﬁi\ggﬁnﬂgnder 1.5 to 0 M anmoni um sul fate gradi ent. The

resulting active fra(tbi ﬁ}rbj were dialyzed with a 50 nM pot assi um phosphat e
buffer -50- (pH 7.0) d ining 1 mM DTT, and supplenmented with anmoni um

sulfate to 1.5 M_This s followed by colum chromat ography using 1 m of
RESOURCE | SO (&fé?§_har?gﬂ£1=1ﬁ§%ga),ghﬁ wiiSdhS el WSTEn ve GQEFérmji@’ with a

50 nmM pot assi um phosphate buffer (pH .8) . contajning 1 mM DIT, under 1.5
to 0 M amm&SinFiEiga gingi éHtSPthfie edtl tAnghctite PPIESSERT were

di al yzed with a_ 50 nmM potassi um phosphate buffer (IBIH 7.0) containing 1 mM
DTT, "and pihosehakgdbmiéen (PAEemite cridaippig hetpM dithlothreitol

(DTT). After sonicating the cells, the cells were centrifuged
again and the supernatant was obtained as a crude
enzyme solution. Then, ammonium sulfate was added to
the crude enzyme scolution to 60% to 90% saturation, and
the salt-out precipitate was obtained by centrifugation.
The precipitate was dissolved in a 50 mM potassium
phosphate buffer (pH 7.0) containing 1 mM DTT and
dialyzed with the same buffer. This was followed by
column chromatography using a TSKgel DEAE Toyopearl
650M (Tosoh Corporation), in which elution was performed
with a 50 mM potassium phosphate buffer (pH 7.0)
containing 1 mM DTT, under 0 to 0.6 M Nac(Cl gradient..As
a result, active fractions were obtained. The fractions were‘
supplemented with ammonium sulfate to 1.5 M, and
column chromatography was performed using a TSKgel
VPhenyl Toyopearl 650M (Tosoh Corporation), in which
élution was performed with a 50 mM potassium phosphate
buffer (pH 7.0) containing 1 mM DTT, under 1.5 to O M
ammonium sulfate gradient. The resulting active fractions

were dialyzed with a 50 mM potassium phosphate buffer




[0101] An analysis of the purified hydantoin racenmase by ‘

SDS- pol yacryl am de el ectrophoresis showed a substantially single band of
hydant oi n racemase. The purified hydantoin racenmase was shown to have a
purity of about 93% by HPLC anal ysis (colum: YMC-Pack PROTEIN-RP (YMC
Co., Ltd.), eluent: 20% acetonitrile aqueous solution to 80% acetonitrile
aqueous solution gradient, flowrate: 1 m/mn., colum tenperature: 25C

detection: 230 nn. [0102] (Exarrplﬂe5 ) Properties of Hydantoin Racenase
Properties of the purified hydantoi n"Ffacenmase obtained in Exanple 1 were

A, ke iy Ll TEEC Mg i 5

hydant oi n i'n C analysis of Exanple 1, analysis

o e e g T GE bR Sl SR A08E M IS TRk b 2o S B fhup euencer

{ _ Systenms 'L As a resul't, the sequence of 40
by SEQ | RO RSFETRRDeqUERLEE L Sti M | 0fod] R EE vl Actaty]
(AmershamPharmacia), in which elution was pgrformed
with a 50 mM potassium phosphate buffer (pH 7.0)
~ containing 1 mM DTT, under 1.5 to 0 M ammonium sulfate
gradient. The resulting active fractions were dialyzéd with
a 50 mM potassium phosphate buffer {pH 7.0) containing
1. mM DTT, and purified hydantoin racemase was
obtained. |

[0101]

An analysis of the purified hydantoin racemase by
SDS-polyacrylamide - electrophoresis showed a
substantially single band of hydantoin racemase. The
purified hydantoin racemase was shown to have a purity
of about 93% by HPLC analysis (column: YMC-Pack
PROTEIN-RP (YMC Co., Ltd.), eluent: 20% acetonitrile
aqueous solution to 80% .acetonitrile aqueous solution
gradient, flow rate: 1 ml/min., column temperature: 25‘5C,
detection: 230 nm).

[0102]

{Examuple 2) Properties of Hydantoin Racemase

Properties of the purified hydantoin racemase
obtained in Example 1 were examined as follows.

[0103]




The activity of the purified hydantoin racenmase was determ ned by HPLC, by
quantifying the anount of increase of D S-(2-nethylthioethyl)hydantoin
generated at 30C in 30 mnutes in a 50 MM Tris-HC1 buffer (pH 7.5)

cont ai ning 50 nmM L-5-(2-net hylthioethyl)hydantoin. HPLC analysis was
performed under the following conditions. Colum: Chirobiotic T (4.6 mm x
250 mm ASTEC Inc.), eluent: 0.01% (v/v) triethylamne acetate (pH
6.8)/nmethanol = 9/1, flowrate: 0.7 g /mn., colum tenperature: 35C
detection: 210 nm Here, 1 unit was “defi ned as the amount of enzyne t hat

gener at 'EdQSI ROP m%s'SA(ﬁ?uH%tméllgl‘g g{lgyllc)é]ydant oin in one mnute.

Quantification of protein was perfornmed according to the Lowy nethod,

using BSA as a;slandg ga Toga s 5 raceligusd LhAlctba puritié adpbgiantoin

racemase had a activity unit/ng protein.  [0105]

Me t .of .K K h dant
Lo det RS F Pt Bl T b Y, o 8- TR dih e iy dont oL

K | f - t h th h 6
(B oot véSRIGRTALTAE PARY G GtPnd %@?‘é’ﬁ%{e}%fé‘ﬂ‘gfﬁgﬁégﬁgﬁgﬁf vas made
as to effocfd (ﬁppelnggrlg}géj?stems Ltd.). As a result, the sequence of

\‘J

40 amino acids at the N-terminus was determined. The
sequence is represented by SEQ ID NO: 3 Qf the Sequence
Listing. |
| [0104]
[Relative Activity]
| The activity of the purified hydantoin racemase was
determined by HPLC, by quantifying the amount of
increase of D~5—(2-methylthioethyl)ilydantoin generated at
30°C in 30 minutes in a 50 mM Tris-HC! buffer (pH 7.5)
containing 50 mM L-5-(2-methylthioethyljhydantoin.
HPLC analysis was performed under the following
conditions. Column: Chirobiotic T (4.6 mm x 250 mm,
ASTEC Incl.), eluent: 0.01% (v/v) triethylamine acetate {pH
- 6.8)/methanol = 9/1,7flow rate: 0.7 ml/min., column
temperature: 35°C, detection: 210 nm. Here, 1 unit was
defined as the amount of enzyme that generated 1 pmol
D-5-{2-methylthioethyl)hydantoin in one minute.
Quantification of protein was performed according to the
Lowry method, using BSA as a standard. The result

showed that the purified hydantoin racemase had a




- At 70C, al nost all

range and optinumtenperature. Figure 3 represents relative activities at
different tenperatures, taking the activity at 40C at 100% The opti num
tenperature of the enzyme was 40C, and the enzyne desirably exerted its-
action at all tenperatures in the evaluated tenperature range of 25C to
65C. [0107] [Effective pH Range] Assessnent was nade as to effective pH
range and optinmum pH Figure 4 shows relative activities at different pH,
taking the activity at pH 8.9 at 10 /Q_The enzynme exerted its action in a
pH range of 6 to 10. The optinum pHTange was 8 to 9. [0108] [Tenperature

Stability So L Slal it/ nof pEhdipe was exami ned as the "

remai ni ng¥%¥§| Wt%@?ggﬁr Bg? m nut es /of gp]gr)ocessi ng at - different

tenperatures. As sht)d\{l?isn_ Figure 5, the remmining activity was 80% at 30C.
activi

_ _ ty was lost. [0109] [pH Stability] pH stability
br ocesei nihins brgRst BB RhIel 6 RoLrs at G t1erent ph 1aki ng the
activity of A Km value for L-5-{2-methylthioethyl)hydantoin was
determined from the Lineweaver-Burk plot. As shown in
Figure 2, the : Km value for
L-5-(2-methylthioethyl)hydantoin was 0.304 mM.
[0106]
-[Effective Temperature Range and Optimum Temperature]
Assessment was made as to effective temperature
range and optimum temperature. Figure 3 represents
 relative activities at different temperatures, taking the
activity at 40°C at 100%. The optimum temperature of the
enzyme was 40°C, and the enzyme desirably exerted its
action at all tempefatures in the evaluated temperature
range of 25°C to 65°C. - '
[0107]
| [Effective pH Range] |
Assessment was made as to effective pH range and
optimum pH. Figure 4 shows relative activities at different
pH, taking the activity at pH 8.9 at 100%. The enzyme
exerted its action in a pH range of 6 to 10. The optimum
pH range was 8 to 9.

[0108]

[Temperature Stability]




untreated enzyne at 100% The enzyne was relatively stable in a pH range
of 4.5 to 8.0. [0110] [Measurenent of Ml ecular Weight] Measurenent of
nol ecul ar wei ght was performed based on conparison with the elution tine
of the standard protein, using gel filtration chromatography (col um:
TSKgel G3000SW (Tosoh Corporation). The nol ecular weight was found to be
about 139, 000. Measurenent of subunit nolecular weight was al so measured
based on conparison with the nobili%% of the standard protein, using
SDS- pol yacryl ani de el ectrophoresis.” “The nol ecul ar wei ght of subunit was

Lound 10 0o abndty B 0fre (LMl SHRHAANE FRRClkathidd 29 h@bstrat &

specificity of 86’? oin“racenase was examned. First, 0.1 m of

purified hydant ai i P
01" 50" o T PEETE Y pi D) "E0  RTERER, Gof fER cRRdeae! cagach 0.9 m

L-5-(2-nethyl t hi ceth ﬁligﬁh ant oi n, 5-42-.0et hyl t hj | )5 hy oin, 13 mm
Elg E i xfﬁé}?ﬂ’@?t lmt-:i ’ 31%,6{ Ieiﬁ/daﬁt%)i ﬁ@&é%n X%- SF?Q%E%t y?hyétgir}% oin, 50 mMm |
re%/na?{ni%/g )agu%?tymx{r]ésagg"/g' fM30°c. At 70°C, almost all ‘
activity was lost. |
: |
I
]

{0109]

[pH Stability]

pH stability was examined. Figure 6 represents
remaining activity of enzyme after processing the enzyme
at 30°C for 16 hours at different pH, taking the activity of
untreated enzyme at 100%. The enzyme was relatively
sfable in a pH range of 4.5 to 8.0.
{0110}
[Measurement of Molecular Weight]
Measurement of molecular weight was performed
" based on comparison with the elution time of the standard
protein, using gel filtr‘ation chrom_atography (column:
TSKgel G3000SW (Tosoh Corporation). The molecular
weight was found to be about 139,000. Measurement of

subunit molecular weight was also measured based on

comparison with the mobility of the standard protein,
using SDS-polyacrylamide electrophoresis. The molecular
weight of subunit was found to be about 31,000.

[0111]

[Substrate Specificity]




L- 5- benzyl hydant oi n, respectively. The m xtures were allowed to react at
30C, and the reaction was termnated by adding 0.1 m of 1N HCl. Except
for the reaction using the substrate D-5-(1-nercapto-I-nethyl)

ethyl hydantoin, the reaction was analyzed by diluting the supernatant of a
centrifuged reaction mxture two times with ion exchange water, and by
quantifying the D-5-substituted hydantoin conpound generated in the
reaction mxture, using HPLC. HPLC gﬁlql ysis was perfornmed under the
conditions given above. For the reaction using the substrate

D-5- (1-mer capt %’dﬁgﬁla]mél )sﬁEIEYﬁEYﬁ?"HtOb”uriﬁ% 4hesin Nxdemess anal yzed
by quantifying a sanple that had” been obtai ned by extracting the reaction

mxture with 1 t hyk: t ape | ysjes : fo Wyoiperformn
TPLC under The FEITONCS o1 0%l calume PR IS e cel)

el uent: hexane/isopropanol ; =9 , = sd2adl 1.

te{rpe_r?jt ‘ufé"f:ei’%f:,seo%lf %l‘tnleodn:mzl%a{:5 r#lrrlp ‘i’%ﬁ’a%f\iéﬁi %‘Eg\?\g %?eé%aelgu?‘tg:gﬂ;y?gl ative
activities, ing . the. agtivit - 5r (2-Zxet i.Qet h t oi it
15 b L O P AT S T,
) e?ﬂt Imhn&é q&?—nn%hzy_lgﬁgohetlﬁyw) g,}tdré&t(hno!ant oin 4950D 5-( 1-mgpep to-l-neth

D-5-{2-methylthicethyl)hydantoin, 13 mM
 D-5-(1-mercapto-1-methyljethylhydantoin, 8 - mM
L-5-isobutylhydantoin, 50 mM
L-5-(1-methylpropyljhydantoin, and 4 mM

L-5-benzylhydantoin, respectively. The mixtures were
allowed to react at 30°C, and the reaction was terminated
by adding 0.1 ml of 1N HCIl. Except for the reaction using
the substrate D-5-(1-mercapto-1-methyl) ethylhydantoin,
the reaction was aﬁalyzed by diluting the supernatant of a
centrifuged reaction mixture two times with ion exchange
water, and by quantifying the D-5-substituted hydantoin
compound generated in the reaction mixture, using HPLC.
HPLC analysis was performed under the conditions given
~above. For the reaction using  the substrate
D-5-(1-mercapto-1-methyl)ethylhydantoin, the reaction
mixture was analyzed by quantifying a sample that had
been obtained by extracting the reaction mixture with 1
ml of ethyl acetate. Analysis was performed by performing
HPLC under the following conditions. Column: CHIRALPAK

 AD-H (Daicel), eluent: hexane/isopropanol = 9/1,flow rate:




L-5-isobu I'h dantoin 173 L-5- 1-neth 1 ro | h dantoin 2 L-5-be |h dantoin
52 [0113] (Exanple 3) Substrate Specificity of Hydantoin Racemase

Produced by Bacillus sp. KNK519HR Substrate specificity of hydantoin
racemase produced by Bacillus sp. KNK519HR was exani ned using a crude
“enzyne solution of Bacillus sp. KNK519HR that was produced according to
the procedure described in Exanple 1. First, 0.1 m of crude enzyne
solution was added to each 0.9 n1_q§ 50 mM Tris- HCL buffers (pH 7.5)
containing 4 nm L-5-benzyl hydant oi n;” 50 mm

L-5- (2-met *Ify' ?_ﬁxgEt hy@ﬁ}/&%{‘ftgmpefg%ﬁe”@s% 5 dicgebutom hedantnin,

respectlve ures were owed to react at 30C, and the reaction

was termﬁah‘i%a%%}&addl Ege résgnd‘{?ut ?@ive Theisunesnatadin oftha - 56-

centrifu ur e "was two tines with ion exchange

feact | oﬁ”%p HE TR ARt R e TR e S er for med under
the foll ow ng condl/gd(lgfé Colum: Chirobiotic T (4.6 nmx 250 mm ASTEC

Inc., eluent: 0.019 Triethylam ne acetate (pH 6.8)/nethanol = 9/1,

flowrate: 0.7 mg{na colum tenperature: 35C, detection: 210 nm
‘Further, P

© {Substrate ‘ Relative Activity
L-5-(2-methylthioethyljhydantoin 100
D-5-(2-methylthioethyl)hydantoin 49
D-5-(1-mercapto-1-methyljethylhydantoin 25 |
L-5-isobutylhydantoin - 173 l
L-5-{1-methylpropyljhydantoin 2 1
L-5-benzylhydantoin 52 | : )
{0113]

(Example 3) Substrate Specificity of Hvdantoin Racemasge

i
|
|
]
%
E
|

Produced by Bacillus sp. KNK519HR

- Substrate specificity of hydantoin racemase
produced by Bacillus sp. KNK519HR was examined using a
crude enzyme solution of Bacillus sp. KNKS19HR that was
produced according to the procedure described in Example
1. First, 0.1 ml of crude enzyme solution was ad.ded to
each 0.9 ml of 50 mM Tris-HCl buffers (pH 7.5) containing
4 mM L-5-benzylhydantoin, 50 mM
L—S—(2-methylﬁhio_ethyl)hydantoin, ahd 8 mM
L—S—isobutylhydantoin, respectively. The mixtures were
allowed to react at 30°C, and the reaction was terminated

by adding 0.1 ml of 1N HCL The supernatant of a




0.1 m of crude enzyne solution of Bacillus sp. KNK519HR was added to O

m of 50 nM Tris-HC1 buffer (pH 7.5) contai n!ong 50 mM 5- net hyl hydant oi n °
together with reconbinant Escherichia coli having D-form selective L
hydant oi nase activity for 1 m of culture solution (described later), and
recombi nant Escherichia coli having D-formselective N- car bany! ani no acid
aln‘: doh;(;d[ol ase tacti \éi)ty fo(rj 1 m of culture solution. The m xture was

al | owe o0 react at C, and the re ion was termnated b [

of 1IN HCl. After neutralization w t—ﬁgélﬁl NaCOH, the reacti onymagslupg \a/ai "

Scentri fuggd ang Lhe 22l 30hn tmpeNEAlRd sl dilligsupobnaimel washquant | fied

€
by an en‘fy d "usi ng am no aci d oxydase and peroxydase. [0114]

%?tsuoiefﬁ%g%g% %%"f‘% g{%:a”c%r?ye}h*aeﬁ{@yﬁﬁsﬂéhwiw@e@d pRFUerRAnas fol | ows.

exchange wat er amr%f was (r)rin g :attimaXt]t!Jgeer\ggzsﬁdt%ﬁaegnggiéfm?e%ti >
L o e 48tk ey
L e A BRI B B G
but f et {pby. SHOTRBEF ARG RS bl aliBh s & iEa8id ¥ PP s phosphate
| 250 mm, ASTEC Inc., eluent: 0.01% (v/v) Triethylamine
acetate (pH 6.8)/methanol = 9/1, flow rate: 0.7 ml/min.,
column temperature: 35°C, detection: 210 nm. Further,
0.1 ml of crude enzyme solution of Bacillus sp. KNK519HR
was added to 0.9 ml of 50 mM Tris-HCl buffer (pH 7.5)
containing 50 mM 5-methylhydantoin, _together. with
recombinant Escherichia coli having D-form selective
hydantoinase activity for 1 ml of culture solution
(described later), and recombinant Escherichia coli having |
D-form selective N—Carbarnylamiﬁo acid amidohydrolase
activity for 1 ml of culture solution. The mixture was
allowed to react at 30°C, and the reaction was terminated
by adding 0.1 m! of 1N HCL. After neutraiization with 1N
NaQH, the  reaction mixture was centrifuged and the
D-alanine generated in the supernatant was quantified by
an enzyme mefhod using D-amino acid oxydase and
peroxydase.
[0114]
.Quantifi_cation of D-alanine by the enzyme method

was performed as follows. The supernatant of reaction




m nut es, and an absorbance at 555 nm was neasured to quantity the

D-al ani ne generated in the reaction mxture. The result is shown in Table
3 as relative activities, taking the activity for L-5-isobutyl hydantoin at
100. [0115] As the culture solutions used in this Exanple, the .culture
sol ution of reconbi nant Escherichia coli having D-formselective

hydant oi nase activity, and the culture solution of reconbinant Escherichia
coli having D-form selective N-car_@.,nyl am no acid am dohydrol ase activity
were obtained as follows. Escherichia coil HB101 (pTH104) (FERM BP-4864)
as the reconhinan sgherichia gl Ay @rﬁg‘é%&{éﬁg hydiant oi nase
activity Rﬁgglﬁrﬁo%ﬁ%at&ég‘%%&aélgg@rﬁs n‘%ﬁl u%g?%;(ght ryptone, 10 g yeast
extract, 5 sodi u hl of | 148t er, ganessirgeori de, pH 7
prior to % irﬁ’i%‘ini% ,ali)UPSrpanq}oarrpl ci %I Fégﬁﬁrﬁﬁgar at%lgy stge)ri li zed by

filtrati on)3t hat - S%had begqﬁ%ﬁgééh{gqﬁi@ha 500- i, Sakaguchinf | ask. The
t our t

cells werteScul turéB 37C t'o shaki ng. Escherichia coli
HB101 NI455 FERM, BP: 4368 h [ : i &hd i havin
D-1 or m SeNeeLhyk NNEAHLH T ar o Ho P ok oy foa BTGP §Pg e M e
i | ated i 350- ' 6. gq.t t 0 , 5

Sodi um chPsTPagIapel (ndicey Shb TasPrarePis ol Brie: 6™ em °

‘anmpicillin sodium

10EA0EBSePH 8 Y Jml of D-amino acid oxydase (SIGMA,
Product Number A5222), and 40 mM potassium phosphate
buffer (pH 7.9). The mixture was allowed to react for 90
minutes, and an absorbance at 555 nm was measured to
quantity the D-alanine generated in the reaction mixture.
The result is shown in TaBle 3 as relative activities, taking
the activity for L-5-isobutylhydantoin at 100.
| [0115]

As the culture solutions used in this Example, the
culture solution of recombinant Escherichia coli having
D-form selective hydantoinase activity, and the culture
solution of recombinant Escherichia coli having D-form
selective N-carbamylamino acid amidohydrolase activity
- were obtained as follows. Escherichia coli HB101 (pTH104)
(FERM EP—4864) as the recombinant Escherichia coli
having D-form selective hydantoinase activity was
inoculated in a 50-ml medium (16 g tryp‘tone, 10 g yeast
extract, 5 g sodium éhloride, 1 1 water, 400 ppm
manganese chloride, pH 7 prior to sterilization, 100 ppm

ampicillin sodium separately sterilized by filtration) that




sterilized by filtration) that had been sterilized in a 500-m Sakaguchi
flask. The cells were cultured at 37C for 36 hours with shaking. [0116]

[ Tabl e 3] Substrate Relative Activity L-5-isobu |h. dantoin 100 L-5-
2-meth I[thioeth 1 h dantoin 61 L-5-be |h dantoin 35 L-5-neth |h dantoin
20 [0117] Escherichia coli 1-11 3101 (pTH 104) (FERM BP-4864) was '
deposited on Novenber 2, 1994, and Escherichia coli HB101 (pNT4553) (FERM
BP-4368) was deposited on July 22, 4993, at the International Patent
Organi sm Depository (1POD), the National Institute of Advanced Industri al
Sci ence apd fechnpl i1i%bgs Sl SS ARuleubeh  SRrsiCeMtrealcebls 1-1-1

Hi gashi , j?%‘lﬁ(ﬁqba I%g%%i]l%%ge\]gbgfy@%%-%%. [0118] (Exanple 4) Substrate
| nhi bi ti OQveOJe W@agﬁggg Fﬁ@en@f;ec Produced byoBasi | with sphdhikdg 9HR

Substrat e 1 nhi bit e hydantoin racemase j produced by Bacillus sp.

TNKF?SR 1S exanLned ST 11% 10 (FNFE B TPEIMUB P Pe8paiedtia Exanpl e
recombinant Escherichia coli having D—form selective
N—carbam;}lamino acid amidohydrolase activity was
inoculated in a 350-ml medium (16 g try_ptone, 10 g yeast
extract, 5 g sodium chloride, 1 1 water, pH 7 prior to
sterilization, 100 ppm ampicillin sodium separately
sterilized by filtration) that had been sterilized in a

500-ml Sakaguchi flask. The cells were cultured at 37°C

for 36 hours with shaking.

[0116]
[Table 3]
Substrate ‘ Relative Activity
L-5-isobutylhydantoin 100
L-5-(2-methylthioethyl)hydantoin 61
L-5-benzylhydantoin . 35
L-5-methylhydantoin ' 20
{0117]

Escherichia coli HB101 (pTH104) (FERM BP-4864)
was deposited on November 2, 1994, and Escherichia coli
HB101 {pNT4553) (FERM BP-4368) was deposited on July
22, 1993, at the International Patent Organism Depository
(IPOD), the National Institute of Advanced Industrial

‘Science and Technology, whose address is Tsukuba




reaction mxture of 0.1-m crude enzyne solution and each 0.9-m of 50 mM
Tris-HCL buffers (pH 7.5) respectively containing 5, 10, 50, and 80 nmM

L- 5- (2- net hyl t hi oet hyl ) hydant oi n, respectively, the reaction was perforned
at 30C for 10, 20, 30, and 40 mnutes. After the reaction, hydantoin
racenmase activity was abolished by adding 0.1 m of IN HC1L. The
supernatant of the centrifuged reaction mxture was diluted two tinmes with
i on exchange water, and the D 5- (2&%gthylthioethyl) hydant oi n generated in
the reaction mxture was quantified by HPLC. HPLC anal ysis was perforned

under _thegsg_trrgag;ongltlpnls usgg]t%&hgxamllﬁiébam IHdddigd rgagidwn rate was

det er m ne inrtia frat’e concentration. Fi gure represents a |

rel ati onsgog%%e%f\é\gen relative activity and initial substrate
concentra result shovved that the hydantoin racemase produced by

Baci |l us sp. KNKSIQE@F %3 - substrate inhibition when
L- 5- (2- nmet hyl t hi oet )1 dantoi nin was used as the substrate between 50 mM

I 5) lsalation o IELORRE SENe
Col oni es & ubgirate, Fhihisidn ¢ Rt sdi um (16 g

tcg?’ng;gg)e pept O‘L;]Cee(ng F%Dc)wlulus 9o, bﬁﬁf}?ﬂ@?—?ﬁ ext ract (Bect on Di cki nson and

Substrate inhibition of the hydantoin racemase
produced by Bacillus sp. KNKS19HR was examined using
the crude enzyme solution pre_péred in Example 1. In a
reaction mixture of 0.1-ml crude enzyme solution and
each 0.9-ml of 50 mM Tris-HCl buffers (pH 7.9)
respectively containing 5, 10, 350, and 80 mM
L-5-(2-methylthioethyljhydantoin, respectively, the
reaction was performed at 30°C for 10, 20, 30, and 40
minutes. After the reaction, hydantoin racemase activity
was abolished by adding 0.1 ml of 1N HCL The
supernatant of the centrifuged reaction mixture was
diluted two times with ion exchange water, and the

D-5-(2-methylthioethyl)hydantoin  generated in  the

reaction mixture was quantified by HPLC. HPLC analysis
was performed under the same conditions used in
Example 3. An initial reaction rate was determined at each
initial substrate concentration. Figure 7 represenf.s a
relationship between relative activity and initial substrate
concentration. The result showed that the hydantoin

racemase produced by Bacillus sp. KNK519HR had




NaCl, adjusted to 1 liter by adding water and to pH 7, sterilized with an
autocl ave prior to use). The cells were aerobically cultured at 30C for 12
hours with shaking. [0120] After culturing, the cells were collected by
centrifugation, and a DNA solution was obtained using a U tradC ean

M crobial DNA Isolation Kit (MO BIO Laboratories, Inc.). The DNA sol ution
was then deposited wth ethanol, and the sedi nent obtai ned by
centrifugation was dissolved in 10 Tris-HA buffer (pH 8,0, 1 nmM

et hyl enedi arri netetraacetic acid) to pYepare chronosonal DNA Using the

chrormsomal a tenplate, PCR .wmgs...perforned with a

(Primer-1 E%‘3NO 4 of the Seq%@'hlcbeleﬁ%tl ng) that had been Igga gned
based on the N-ter .anm no.aci d sequence gbt ai ned iyn npl& and a
DNA pri merk ﬁvr(?rre"fet%ﬁe)g@m%ﬁ%?%@%m SelEshce PEdt | n§ ka? had been
desi gned based on - tar ce portion of known hydantoin
racemase. sazbgt F%p@t“’ﬁ&ﬂ% qqgf ‘Xr@@gﬂﬁl n racemase gene (referred to
as "partial gene") was obtained. [01211 1In order to obtain a full-length

target gene, the fdP 101\/\5?hg procedure was perforned. Based on the base

sequences of the part| aI gene resectlvely corresgond&}n% to the N and
C-t er mi nus Es%aid 1040 9 R vdggtoin Racem €

Colonies of Bacillus sp. KNK519HR were inoculated
in a 10-ml medium (16 g tryptone peptone (DIFCO}, 10 g
bacto yeast extract (Becton Dickinson and Company), 5 g
NaCl, adjusted to 1 liter by adding water and to pH 7,
sterilized with an autoclave prior to use}. The cells were
aerobically cultured at 30°C for 12 hours with shaking.

[0120]

After culturing, the cells were collected by
centrifugation, and a DNA solution was obtained using a
UltraClean Microbiel DNA . Isolation Kit (MO BIO
Laboratories, 1nc.). The DNA solution was then deposited
with ethanol, and the sediment obtained by centrifugation

was dissolved in 10 mM Tris-HC1 buffer (pH 8.0, 1 mM

ethylenediaminetetraacetic acid) to prepare chromosomal
DNA. Using the chromosomal DNA as a template, PCR was
performed with a DNA primer tPrimer—l: SEQ ID-‘NO: 4 of
the Sequence Listing) thart lhad been designed based on the
N-terminus amino acid' sequence obtained in Example 2,
and ar DNA primer (Primer-2: SEQ ID NO: 5 of the

Sequence _Listing) that had been designed based on a




prinmers facing outward fromthe partial gene (Priner-3: SEQID NO 6 of
the Sequence Listing, Prinmer-4:. SEQID NO 7 of the Sequence Listing) were
synt hesi zed. Inverse PCR was perforned using these prinmers. As the
tenplate, a cyclic DNA that had been obtained by digesting the

chronosomal DNA with restriction enzynmes Kpnl and Spel and ligating
fragnments of the chronmosomal DNA with T4 DNA |igase was used. As a result,
DNA fragnments were obtained that co%t ai ned partial genes facing outward of
t he previously obtained partl al gene.""After determ ning base sequences of

10%r ¢ he IR R RERE TR RS oRekedh 2 Pﬁ%;[*ﬂﬁ‘ﬁgﬁiﬁéﬁfﬁ o
2 DNA pri e“\%aa‘é%é?%’a%s BEphE B of Tinget R A BEEmaRRL haa
Chat was dESBARACIRZCY 501 F8 R n gt L By R er m nus. and & DNA
primer (Prinmer-6: Sﬁﬁglé)ﬂ\lg 9 of t he Sequence Listing) that had been

|igated to the cutt of restriction enzyrre EcoRl in a portion that
was assunmed to lie ownstre of the C usi ng the chronosonal
et e e

DNA as the t'en'pllr’atér ETpd9e SREREhCE 4 $HAE t héCresul ti ng

DA {1 20ment a2 Tl dcd 0k Py SRl M ARG, 8°8E (SRR RO 2 o

sequences of the partial gene respectively corresponding
to the N- and C-terminus sequences of the enzyme, DNA
primers facing outward from the partial gene (Primer-3:
SEQ ID NO: 6 of the Sequence Listing, Primer-4: SEQ ID
NO: 7 of the Sequence Listing) were synthesized. Inverse
PCR was performed using these primers. As the template,
a cyclicc DNA that had been obtained by digesting the
chromosomal DNA with restriction enzymes Kpnl and Spel
and ligating fragments of the chromosomal DNA with T4
DNA ligase was used. As a result, DNA fragments were
obtained that contained partial genes facing outward of
the previously obtained partial gene. After determining
base sequences of the DNA fragments, PCR was performed
to obtain a DNA fragment (SEQ ID NO-: 10 of the Sequence
Listing) that contained a full-length hydantoin racemase
gene. This was performed by amplifying DNA between
- sequences of a DNA primer (Primer-5: SEQ ID NO: 8 of the
Sequence Listing) that had been ligated to the cuttihg site

of restriction enzyme Ndel in a portion that was assumed




Listing). [0122] (Exanple 6) Construction of Reconbinant Plasmd

Expressi ng Hydantoi n Racemase Gene A DNA fragnent with the open reading
frame represented by SEQID NO 2 of the Sequence Listing was obtained by
perform ng PCR, using the chronosomal DNA of Exanple 5 as the tenplate.
This was perforned by anplifying DNA between sequences of priners
(Primer-7. SEQ ID NO 11 of the Sequence Listing, Primer-8. SEQID NO 12
of the Sequence Listing) that had beﬁﬁl_respecti vely ligated to the cutting
sites of restriction enzymes Ndel an EcoR in the N and C-term nus ‘

ortions of t.he hydantoin bt a | BExaapke 0123 The
ICIZ))NA fragrrg(ﬁt 11\%311%?(%63%18 vﬁf{ ﬁc%féﬁlﬁlzgtﬁl{%nﬂ%ﬁ?&%g%el an%ll égl(\)T% and]

I nter nat| BREPCBUETaETon VoShTheTS Phat TG TRERRee K Eh the same
oot Ot RLEEIIES, 82 GufSeult 1o PRERCRL. W5 othal 1 rddesclptost aned o
ot ey b RIS Ta [poAtha (FRAPWSad T aSUURkIE" bOM 18

downstream of the C-terminus, using the chromosomal

DNA as the template. A base sequence analysis revealed

‘that the resulting DNA ffagment had a full-length

hydantoin racemase gene (SEQ ID NO: 2 of the Sequence

Listing). |

[0122]

(Example 6) Construction of Recombinant Plasmid

Expressing Hydantoin Racemase Gene
A DNA f{ragment with the open reading frame
represented by SEQ ID NO: 2 of the Sequence Listing was
obtained by performing PCR, using the chromosomal DNA‘
of Example 5 as the template. This was performed by
amplifying DNA between sequences of primers (Primer-7:
"SEQ ID NO: 11 of the Sequence Listing, Primer-8: SEQ 1D
NQO: 12 of the Sequence Listing) that had been respectively
ligated to the cutting sites of restriction enzymes Ndel and
EcoRI in the N- and C-terminus portions of the hydantoin

racemase gene obtained in Example 5.

[0123]

The DNA fragment was excised_ with restriction

“enzymes Ndel and EcoRI and ligated with T4 DNA ligase to




Reconbi nant DNA I ncl udi ng Hydant oi n Racemase Gene The plasm d pBHROO1
obtained in Exanple 6 was conbined with conpetent cells of Escherichia
coli HB 101 to performtransformation. The transforned cells were plated
on agar nedium (10 g tryptone, 5 g yeast extract, 10 g sodiumchloride, 15
g agar, 100 ng anpicillin, adjusted to 1 liter with deionized water, pH
7.0 prior to sterilization, anpicillin being added after sterilization) to
obtain col oni es of transforned Escheti,chia coli HB101 (pBHR0O01) i ncluding
reconbi nant DNA wi t h hydant oi n racé se gene. [0125] The col oni es of

Lransf or mant 509Dt B1ASH NPT BUGRICYSRked 1kl i ShaToHICE bR o7 e901 Ng

medi um Wit hou aga steriliz In a test tube. The <cells

were aer obcal hynoil {uf edyale G Obefh MUESs it hyihaking. sTigeecel I's vere

col | ected ure sol ution - y centrifugation, and suspended
L&&ﬁ&[‘?e&ﬁr%m s iteRe Rl E%&sﬁéie@mﬁ%ﬁéﬁ' Rt Rt S antoin
ol ut 1 on, T/ALRSr HEATAntR PR HGR DRl Ran e el s e
met hod of 11Iglxaar’r'plltfi(%gze q-lii]gni;ﬁ%lfl %Sc%rlllfol‘{rrr{ed h¥gantr%'s@ricti‘83n?ri&pa%tf' Vi ty.
Figure 1.
[0124]

(Example 7} Construction of Transformant using

Recombinant DNA Including Hvdantoin Racemase Gene

The plasmid pBHROO1 obtained in Example 6 was
conibiiied with competent cells of Escherichia coli HB101
to perform transformation. The transformed cells were
plated on agar medium (10 g tryptone, 5 g yeast extract,
10 g sodium chloride, 15 g agar, 100 mg ampicillin;
adjusted to 1 liter with deionized water, pH 7.0 prior to
Sterilization, ampicillin being added after sterilization) to
obtain colonies of transformed Escherichia coli HB101
(pBHROO1) including recombinant DNA with hydantoin
racemase gene.

[0125]

The colonies ofl transformant so obtained were
inoculated in a 6-ml medium ({the foregoing medium
without agar) that had been sterilized in a test tube. The
cells were aerobically cultured at 37°C for 23 hours with

., shaking. The cells were collected from the culture solution




[0126] (Exanple 8) Substrate Specificity of Hydantoin Racemase of
Transformant Using the hydantoin racemase enzyne sol ution of transformant
obtained in Exanple 7, substrate specificity was exam ned according to the
met hod of Exanple 2. The result is shown in Table 4 as relative
activities, taking the activity for L-5-(2-nethylthioethyl)hydantoin at
100. [0127] [Table 4] Substrate Relative Activity L-5-(2-nmeth Ithioeth 1
h dantoin 100 D-5- 2-meth Ithioeth dantoin 52 D-5- 1-merca to-Il-neth
1 eth Ih dantoin 9 L-5-isobu | h dantoln 174 L-5-( 1-meth 1 ro | h dantoin

2 ek a0 sl P12 RRRR £ S4Bl al B ool

Active Amn teria w acermase Activity In order

t th di

D5 (2- ﬁébh\?ﬁ%ﬁ{&e?ﬁ% Ry #é%”%”%ﬁ%"b%%%@m% 1 Ryl Ol
substrate were allowed ta re wi.t h her| h| a coli HBlOl &pTIBI104) ( FERM
BP- 4864) ahg™MBePRLLS CHYHEBAL ”F%ld’il (ﬁ&ﬁ (EE“FS\% BREHERET S Wit ch

obtain a hydantoin racemase enzyme solution of the
transformant. Using 0.1 ml of the enzyme solution,
hydantoin racemase activity was measured according to
the method of Example 2. The result confirmed hydantoin
racemase activity.

[0126]

(Example 8) Substrate Specificity o_f Hvdantoin Racemase

of Transformant

lUsing the hydantoin racemase enzyme solution of
transformant obtained in Example 7, substrate specificity
was examined according to the method of Example 2. The
result is shown in Table 4 as relative activities, taking the

activity for L-5-(2-methylthicethyl)hydantoin at 100.

[0127]

[Table 4]
Substrate {Relative Activity
L-5-(2-methylthioethyl) hydantoin ‘ 100 ~
D-5-(2-methylthioethyl)hydantoin ' 52
D-5-(1-mercapto- 1-methyljethylhydantoin 9
L-5-isobutylhydantoin 174
L-5-(1-methylpropyl)hydantoin 2
L-5-benzylhydantoin ' 35




are reconbi nant Escherichia coli having D-form sel ective hydantoinase
activity, and reconbi nant Escherichia coli having D-form sel ective

N- car banyl ami no acid am dohydrol ase activity, respectively, described in
Exanple 3, together with the culture solution of Bacillus sp. KNK519HR
havi ng hydantoin racemase activity cultured in Exanple 1. [0129] 1.

Synt hesis of D-nethionine from DL-5-(2-nethylthioethyl)hydantoin First,
0.5 mM of 50 MM Tris-HCL buffer (pH 55) contai ning 2% (w v)

DL- 5- (2-met hyl t hi oet hyl ) hydantoin "was used to prepare a suspension of (i)
cell s obtained fronr 112?1 of the culture solution of Bacillus sp. KNK519HR
obt ai ned i n Exanpl eol, i) cells obtained from1 m of culture solution
of reconbjnant Eschgrichia,coli. havi pg,1;iD{Qr naelwet Avgidydadiel nase
activity obfaH ' Sobtalned from1 m of

<t s R - 0
culture ol.uti gn of reconbi nant E 4 chi i i D-form selective
N-car banyﬁa‘é@ﬂe%@éﬁg—%ﬁ%ﬂ IS RECLA Adiyl in Exanpl e 3.
Reaction was perforned at 30C,. After [Sq: rgaction, digd ure was
suppl enented Wit ATACH5 G S LR RPHGL %Oé'%lgg%%nn%]t&eélte%eg?ig%dc(?i on, and the
supernatant was diluted 50 1imes. wi,th.i.on.ex ge warer;y andranal yzed by
HPLC. HPLefanal ;)%Lsgv\k?s'lﬁsﬁléf?ﬁ%’&eélﬂﬁydan%% bfild oY

5-methylhydantoin, these substrate were allowed to react

with Escherichia coli HB101 (pTH104) (FERM BP—4864) and
Escherichia coli HB101 (pNT4553) (FERM BP-4368), which
are recombinant Escherichia coli having D-form selective
hydantoinase activity, and recombinant Escherichia coli
having D-form selective N-carbamylamino acid
amidohydrolase activity, respectively, described in
Example 3, together with the culture solution of Bacillus
sp. KNK519HR having hydantoin racemase activity
cultured in Example 1. | |
[0129]
1. Synthesis of - D-methionine from
| DL-5-{2-methylthioethyl)hydantoin |
First, 0.5 m! of 50 mM Tris-HCl buffer (pH 7.5)
containing 2% (w/vV) DL—S—(2-methy1th-ioeth'y1)hydantqin
was used to prepare a suspension of (i) cells obtained from
1 ml of the culture soiution of Bacillus sp. KNK519HR
" obtained in Example 1, (ii) cells obtained from 1 ml of
culture solution of recombinant Escherichia coli having

D-form selective hydantoinase activity obtained in-




under the conditions of Exanple 3. As a result, D nethionine was generated
at a nolar ratio of 80% Optical purity was 86.0%e. In a sanple not

suppl emented wth cultured Strain KNK519HR, D- nethioni ne was generated at
a nmolar ratio of 39% and 38 nol % of L-5-(2-nethylthioethyl)hydantoin
remai ned. [0130] 2. Synthesis of D-al anine from DL-5-nethyl hydantoin
First, 0.5 mM of 50 mM Tris-HCL buffer (pH 7.5) containing 2% (wW v)

DL- 5- et hyl hydantoin was used to pr%%ﬁre a suspension of (i) cells
obtained from1l m of culture solufi“oh of Bacillus sp. KNK519HR obt ai ned

in Exanplg. 1 {1),cell bt.ai ned from.1 f. cultur | it of

r econbi nan]SXE?&ﬁL‘? i%’niaalmio R %tfac}%rasefggﬁi %egﬂﬁf aﬁtﬁt%lkﬁgge activity
obtained in Exanple 3, and (i.ii) cells, obtained. fromil m of. culture

ool utfon GrOTERBRn tarechiaArh BB folb. BBYAT Berideld

N- car banyl ami no, - 67-_aci d am dohydrol ase, activjt bt ai ned i n. Exanpl e 3.
Reacti on we&lEséivor Nedag aé’é&fazﬁm %%141oﬁpé{dql¥r%8r?€aa%?i Bﬁt]rHIHHPe was
suppl emented with 0.05 m of IN HCl to term nate the rgacgi 3[3" and t hen

di | uted 200PtaEred int tE?‘%H"%%t?’an?&%ﬂ%P. W B eriormped, 8hcPPofr ni xt ure

was centrifuged and the suger nat ant was .anal yzed by HPLC. LO%S&] HPLC
anal ysi s waktegerkdr resrgndéhet ReaLEIQRWIHEtUre was” supplemente

with 0.05 ml of 1N HCI to terminate the reaction, and the
'Supernatant ‘was diluted 50 times with ion exchange water
and analyzed by HPLC. HPLC analysis was performed
under the conditions of Example 3. As a result,
D-methionine was genefated at a molar ratio of 80%.
Optical purity was 86.0%ee. In a sample not supplemented
with cultured Strain KNK519HR, D-methionine was
generated at a molar ratio of 39%, and 38 mol% of
L-5-(2-methylthioethyl)hydantoin remained.
[6130]

2. Synthesis of D-alanine from DL-5-methylhydantoin

First, O.S ml of 50 mM Tris-HCI buffer (pH 7.5)
cqntaining 2% (w/v) DL-5-methylhydantoin was used to
prepare .a' suspenslion of (i) cells obtained from 1 ml of
culture solﬁtion of Bacillus sp. KNK519HR obtained in
Example 1, (ii) cells obtained from 1 ml of culture solution
of recombinant Escherichia coli having D-form seclective
hydantoinase activity obtained in Example 3, and (iii) cells
obtained from 1 ml of culture solution of recombinant

Escherichia coli having D-form selective N-carbamylamino




conditions. Colum: CROMPAK CR+ (4.6 mm x 150 mm Daicel), eluent: HC1O4
(pH 1.5), flowrate: 0.4 mM/mn., colum tenperature: 4C, detection: 210
nm The result showed an increase in the amount of D-alanine with the
percent remain of 3.6%for DL-5-nethyl hydantoin, as conpared with 32%in a
sanpl e not supplenmented wwth the cultured Strain KNK519HR. [0132]

(Exanple 10) Synthesis of Optically Active N-carbanylam no Acid and
Optically Active Anino Acid Using T(rﬁarnsforni ants The culture sol utions of
transformants were centrifuged to col'l ect therefrom (i) a transfornant

ha g Y Ol ACRTREASE A A SRR P e bl o
D or ool bl SR LRTE AR VLY pePR AR Mg Bt (1),
Bxanple 3 FeRHER) MBIABIES SHERertRaPt TR0 118 PABE R e (W7 s) “and
ol ut | ons HEHetal 1R ALE rUaerATHonDLa B LBEE JTRPHEHt abh chtes ¢ N2V
oL-5- (2 rre‘;;?%ﬂ tighoggcgye?rygg%];‘geirr!’ Finally, the reaction mixture was
centrifuged and the supernatant was analyzed by HPLC.
[0131]
HPLC analysis was performed under the following
conditions. Column: CROWNPAK CR+ (4.6 mm x 150 mm,
Daicel), eluent: HClIO4 (pH 1.5), flow rate: 0.4 ml/min.,
colﬁmn temperature: 4°C, detection: 210 nm. The result
" showed an increase in the amount of D-alanine with the
percent remain of 3.6% for DL-5-methylhydantoin, as
compared with 32% in a sample not supplemented with
the cultured Strain KNK519HR.
10132}

{Example 10) Synthesis of Opt_icallv Active

N-carbamvlamino Acid and Optically Active Aminog Acid

Using Transformants

The culture solutions of transformants were
centrifuged to collect therefrom (i) a transformant having
hydantoin racemase activity obtained in Example 7, (ii)
recombinant Escherichia coli (Escherichial coli HB1O1
(pTH104)) having D-form seclective hydantoinaée activity

obtained in Example 3, and (iii) recombinant Escherichia




:

DL-5-(1-mercapto-I-nmethyl) ethyl hydantoin, or DL-5-benzyl hydantoin to
synthesi ze D N-carbanylam no acid or D-am no acid corresponding to these
substrates. [0133] 1. Synthesis of D-|eucine fromDL-S-isobutyl hydantoin
First, 2 mM of 0.83 M 2-[4-(2-hydroxyethyl)-1- piperazinyl]ethanesulfonic
acid (HEPES)-NaOH buffer (pH 7.0) containing 5% (w v)

DL- 5-i sobutyl hydant oin was used to prepare a suspension of a disrupted
cell solution of (i) 2 n of culturggsolution of transformant having
hydant oi n racemase activity, (ii) 2 m of culture solution of reconbi nant

bacteria with ROl ARk CELIY eI QpIABL58EY) ViHawingndD(fatim; 10 m  of

culture sofutlon o%lreconbl nant bacteria with D-form sel ective

N-car banyl am cind_ Ay i Vidiid Bagetiodase wasctpeitfor ned at
B8 A sl pse aciay dunid Pnactionnse

30C. As a°g reacti on was al so performed w thout

adding a gib?églg%édéha%%é: Itayl'es | uphon Q114 egerbi Radpdragear im B0t h

hydant oi n S CtiVvi fter 2 hours, the reaction m xture was

dil uted S0 %ﬁi%ﬁﬁé?;&ﬁ%fw(%ht?'ﬁ]gé M 8eniestad e to( B &iB) / met hanol

= 9/1, anf? entri reaction mxture was anal yzed by

HPLC. As a_result, 100%e Drl.euci -gen it ThHhe GomveIesion rate
of 99% ( LEPFYHA, §OTUTHHES c@f?&si%ﬁsé%%éggmgé%&&%% 'I: he conparati ve

exanpl e | rslomiticohné he re%%%gon Wazliowed to react with
DL-5-isobutylhydantoin,
DL-5-(2-methylthioethyl)hydantoin,
DL-5-(1-mercapto-1-methyl) ethylhydantoin, or
DL-S—benzylhydantoin.to synthesize D- N-carbamylamino
acid or D-amino acid corresponding to these substrates.

[0133] |
1. Synthesis of D-leucine {rom DL-5-isobutylhydantoin
First, 2 ml of 0.83 M

2-[4-(2-hydroxyethyl}- 1-piperazinyllethanesulfonic acid
(HEPES)-NaOH buffer (pH 7.0) containing 5% (w/V)
DL-5-isobutylhydantoin was used to prepare a suspension
of a disrupted cell solution of (i) 2 ml of culture solution
of transformant having hydantoin racemase activity, (ii) 2
mi of culture solution of recombinant bacteria with D-form
selective hydantoinase activity, and (iii) 10 ml of culture
solution of recombinant bacteria with D-form selective
N~Carbamy1-amino acid amidohydrolase activity. Reaction
was performed at 30°C. As a comparative example, the |

reaction was also performed without adding a disrupted




performed wi thout the disrupted cell solution of reconbinant bacteria
havi ng hydantoin racenase activity. Quantification of amno acid by HPLC
anal ysis was performed under the follow ng conditions. Colum: CROAPAK
CR+ (4.6 nmx 150 nm Daicel), eluent: HCIO4 (pH 1.5), flowrate: 1
mM/mn., colum tenperature: 25C, detection: 210 nm [01341 2. Synthesis
of D-N-carbanylleucine from DL-5-isobutylhydantoin First, 2 m of 0.2 M
Tris-HCL buffer (pH 8.5) containing é?@(mﬂv) DL- 5-i sobut yl hydant oi n was
used to prepare a suspension of a diSrupted cell solution of (i) cells

obt ai ned ff.gm %orﬂltf’JnC‘Hﬁ U o SIBI 10 Ofbad feial aniEnt Havangohydant oi n

racemase actlvit y, and (11) l's obtained from2 m of culture solution

o L?f;“'ﬁgg?g{lﬁgg%am aX'ffhgf 3 kR sekRe! ugctiblr dintantowase

was ‘perfornmed at a conparative exanple, the

reacti on w280 SPPTARIIPCtt LIS oRdf NG arsk arvplidneckleakyt | on o

reconbi na oin mase actl vity. After 6 hours,

acetat o (R m@%ﬂ“ﬁ‘%ﬁd'ﬁ%} 5 %t TR o st Pl
reaction rgexrgturq ué"g rgggtll%%e%gyt é‘QVas aﬁal?ﬁght bylgﬁg@é As a
-result, 100%ee D-leucine was generated at the conversion
rate of 99% (L-form n.d.). The conversion rate was 26% in
the comparative example in which the reaction was
performed without the disrupted cell solution of
recombinant bacteria having hydantoin racemase activity.
Quantification of amino acid by HPLC analysis was
performed under the following conditions. Column:
CROWNPAK CR+ (4.6 mm x 150 mm, Daicel), eluent:
HC104 (pH 1.5), flow rate: 1 ml/min., column temperature:
25°C, detec;cion: 210 nm.
[0134]
2. Synthesis of D-N-carbamylleucine from
DL-5-isobutylhydantoin
First, 2 ml of 0.2 M Tris-HCl1 buffer (pH 8.5)
containing 5% {w/v) DL-5-isobutylhydantoin was used to
prepare a suspension of a disrupted cell solution of (i)
cells obtained from 2 ml of culture solution of’
transformant having hydantoin racemase activity, and (ii)
cells obtained from 2 ml of culture solution of

recombinant bacteria having D-form Selec’_cive




D- N-car banyl | euci ne was generated at the conversion rate of 74% (L-form
n.d.). The conversion rate was 49%in the conparative exanple in which the
reaction was performed wthout the disrupted cell solution of reconbinant
bacteria having hydantoin racenmase activity. Quantification by HPLC

anal ysis was perforned under the follow ng conditions. Colum: two pieces
of Chirobiotic T (4.6 nmmx 250 nm ASTEC Inc.) joined together, eluent:
0.01% (v/v) triethylam ne acetate (pfh6.8)/nmethanol = 9/1, flowrate: 0.7
m/mn., colum tenperature: 35C, detection: 210 nm (0135] 3. Synthesis
of D-leucine froml-o-i ' il weh Sdsfo2 i d Oi t BFEC MAHEPES- NaCH |
buf f er (phy%ed}ﬁ)clgn S% ﬁ?gg‘}@% ?;Y V) 1L- 5-1i soblliﬁ yl hydant oi n was used to. o
prepare a_suspensi on. of i pt cellcselitdas afisbi pertetinedbt ai ned
from2 ni aof:oéﬁp?ﬁ?%wseole%ﬁ oﬁﬂgf ﬁ(;ei Ft ransfor mant havi %)g hydant oi n
racemase actjvity, and (ij) 4 btajined {1t im 200 r&Eomibhitrisret sol ution
of reconﬁlﬁhﬁptbééfc{ehé %a@%%ﬁkﬁ?&;r%éislel ective hydantoinase activity,
and (iii) cells.obhtained,from f Uy 8159wt iadBe Pl HRAEAH] nant
bacteri a RAALEHIDIBFRE ?é’i‘g%??‘\)/@ r%cerg%te ety i

N-car banyl am no “aci d am dohydr ol ase

activity. _Reaction was perforned at _ After h he 19 eacti on
mi xture whBediNeRE&B0 IR i Yvﬁlslodﬂ%qed 36" thued With bIE1%

(v/v) triethylamine acetate (pH 6.8)/methanol = 9/1, and

the supernatant of centrifuged rgzaction mixture was
analyzed by HPLC. | As a - result, 100%ee
D-N-carbamylleucine was generated at the conversion rate
of 74% {L-form n.d.). The conversion rate was 49% in the
comparative example in which the reaction was ‘pcrformed
without the disrupted cell solution of recombinant
bacteria having hydantoin racemase activity.
Quantificatioﬁ by HPLC analysis wés performed under the
following conditions. Column: two ‘pieces of Chi;obiotic T
(4.6 mfn x 250 mm, ASTEC Inc;} joined together, cluent:
0.01% (v/v) triethylamine acetate (pH 6.8)/methanol ="9/1,

flow rate: 0.7 ml/min., column temperature: '35°C,

detection: 210 nm.
| [0135] | |
3. Synthesis of D-leucine from L-5-isobutylhydantoin
First, 2 ml of 0.63 M HEPES-NaOH buffer (pH 7.0)
“containing 5% (w/V) L-5-isobutylhydantoin was used to
prepare a suspension of a disrupted cell solution of (i)

cells obtained from 2 ml of culture solution of




pot assi um phosphate buffer (pH 2.0)/ acetonitrile 95/5, and the
supernat ant. of centrifuged reaction m xture was analyzed by HPLC. As a
result, 100%e D-leucine was generated at the conversion rate of 99%
(L-formn.d.). Quantification of amno acid by HPLC anal ysis was
performed under the same conditions given in Section 1 above. [01361 4.
Synt hesis of D-nethionine from DL-5-(2-nethylthioethyl)hydantoin First, 2
m of 100 mM potassi um phosphate buffer (pH 7.0) containing 1% (w v)
DL- 5- (2-met hyl t hi oet hyl ) hydantoi n was used to prepare a suspension of a
di srupt edt]fce%gf UitOR sRfink hy%Bih foigbtraiceetastr aminy, ainduliflur e
sol ution of reconbl nhant abacterl a having hydantoin racemase activity, (ii)
~cells obtaiped f fngul bur ensol yti opudfufecosbivgom baek eria - 72-
havi ng D ?Sﬂ% se lge%q}l\%éfﬁhy%ant oi nase activity, and (iii) cells obtained
from2 m _of culture sol uti regohhrant paghend a hawwlegtlrd orm |
sel ecti vereﬁpggl?]b%rrlﬁf am ;%ég{c}frggam dohydr%ﬁase activity. Reaction was |
performed,at, 40C. AS a cQt t4 Bng, {Beaik €actrioon 8eglabso
-perfor rredh&ﬁd[%mméadsd? ﬁﬁ%gpﬁ&gr%%geﬁ ia}ce{:ﬂ%sol u?i on of reconbi nant bacteria |

having hydantQre sHRGBTI CofohddbihirddA LT pachOHES haling e tbom m Xt ure

selective N-carbamylamino acid amidohydrolase activity.

Reaction was performed at 40°C. After 2.5 hours, the

reaction mixtur.e was diluted 50 times with 10 mM 1
potassium phosphate buffer (pH 2.0}/ acetonitr-ile. = 95/5,
and the supernatant of centrifuged reaction mixture was
analyzed by HPLC. As a result, 100%ee D-leucine was
generate& at the conversion rate of 99% (L-form n.d.).
Quantification of amino acid by HPLC analysis was
performed under the same conditions given in Section 1
above.
[0136]

4. Synthesis of D-methionine from
DL-5-(2-methylthioethyljhydantoin

First, 2 ml of 100 mM potassium phosphate buffer
(pH 7.0) containing 1% (w/ V)
DL-5-(2-methylthicethyljhydantoin was used to prepare a
suspension of a disrupted cell sblution of (i) cells obtained
from 2 ml of culture solution of recombinant bacteria
having hydantoin racemase activity, (ii) cells obtained

from 2 ml of culture solution of recombinant bacteria




diluted 20 tines with 10 nM pot assi um phosphate buffer (pH
2.0)/acetonitrile = 95/5, and the supernatant of centrifuged reaction

m xture was anal yzed by HPLC. As a result, D nethionine was generated at
the conversion rate of 93% The conversion rate was 47%in the conparative
exanple in which the reaction was perfornmed w thout adding the disrupted
cell solution of reconbinant bacteria having hydantoin racemase activity.
Quantification of amno acid by HPL&,was performed under the follow ng
condi tions. CoI um: Develosil ODS HG5 (4.6 nmx 150 nmm Nonura Chem cal

Co., Ltd. g "1? ~for®R Wle@@iv%ssh?*ﬂbﬁft@iﬁﬁ%fee deffivery,( mmth §odj um
onat )

decanesul nmet hanol 3/1 owrate 1 m/mn., colum tenperature:
40C, dete n: 03&@ B Syt hesi scofitBre pesbtiticani nef f rom
DL-5-(1- rré%tflclg (6 ﬁ)l?éith ) et hyl hydantoin 73- First, 2 m of 100 mM

HEPES- NaCH Eﬁ { éﬂlc_' 7. OQ;ac": dl(l\él/ V) hggﬁh@ ni ng)%réﬂ(l nesleapive | -

met hyl ) et ﬁ? 0i n was use prepare a suspension of a disrupted cell

solution (baa@ Suhiof ahng Snamdh flrofa gl uriiep! WEabtion

reconbi na aV|ng ydan n racenmase activity, (ii) cells
obtained frs?sm I%er ormeglUI {Urfps@l uhison Oéomparatlve example, the

reaction was also performed without adding a disrupted
" cell solution of recombinant bacteria having hydantoin
racemase activity. After 2 hours, the reaction mixture was
diluted 20 times with 10 mM potassium phosphate buffer
(pH 2.0)/acetonitrile = 95/5, and the supernatant of
centrifuged reaction mixture was analyzed by HPLC. As a
result, D-methionine was generated at the conversion rate
of 93%. The conversion rate was 47% in the comparative
example in which the reaction was performed without
adding the disrﬁpted cell solution of recombinant bacteria
having hydantoin racemase activity. Quantification of
lamino acid by HPLC was performed under the following
- conditions. Column: Develosil ODS H‘G—S (4.6 mm x 150
mm, Nomura Chemical Co., Ltd.), eluent : 60 mM
potassium phosphate buffer (S mM sodium
decanesulfonatej/methanol = 3/1, flow rate : 1 ml/min.,
column temperature: 40°C, detection: 210 nm.
10137]
5. Synthesis of D- penicillamine from

DL-5-{1-mercapto-1 —metﬁyl)ethylhydantoin




reconbi nant bacteria having D-form sel ective hydantoinase activity, and
(iii) cells obtained from4 nml of «culture solution of reconbinant bacteria
having D-form selective N-carbanylam no acid am dohydrol ase activity.
Reaction was performed at 40C. As a conparative exanple, the reaction was
al so performed wi thout adding a disrupted cell solution of reconbi nant
bacteria having hydantoin racenmase activity. After 2.5 hours, the reaction
m xture was diluted 20 tines with 10-4M potassium phosphate buffer (pH
2.0)/acetonitrile = 95/5, and the supernatant of centrifuged reaction

m xture was anglyzedo by HRLE0AMM IBRIPE 5-HeQYEe bxifeni (@H | 2rfne was
generated at thé conversion rate of 86% (L-formn.d.). The conversion rate

was 52%in t-q i&gﬁgarative exanpl e in jwhich the reaction widsw feyfornmed
wi t hout a&&inné €® disrupted cell solution of reconbinant bacteria having

hydant oi né@%ﬁiﬁg@é&&&hijﬁ{%fjﬂ%mh%mmﬁrfﬂmmmertd he sane

condition ctron [0138] 6. Synthesis of
D phenyl al ani ne from _DL-5- Zy, d i CkbhontMas @erfipr med under
RyEbeRal HME R SERCh P

the same RE&ERATS oh ction 1l except that
BL-> benz%e%sdanctﬂg-{gir\l’\ela& u%reéjmasiherrﬁUb%tfr at&1tfi¥e? solution of
recombinant bacteria having hydantoin racemase activity,
(ii) cells obtained from 2 ml of culture solution of
recombinant bacteria having D-form selective
hydantoinase activity, and (iii) cells obtained from 4 ml of
culture solution of recombinant bacteria having D-form
selective N—carbafnylamino acid amidohydrolase activity.
Reaction was performed at 40°C. As a comparative
exam?le, the reaction was also performed without adding
a disrupted cell solution of recombinant bacteria having
hydantoin racemase activity.. After 2.5 hours, the reaction
mixture was diluted 20 times with 10 mM potassium
phosphate buffer (pH 2.0)/acetonitrile = 95/5, and the
supernatant of centrifuged reaction mixture was analyzed
by HPLC. As a result, 100%ee D-penicillamine was
generated at the conversion rate of 86% (L-form n.d.}. The
‘conversion rate was 52% in the comparative example in
which the reaction was performed without adding the
disrupted cell solution of recombinant bacteria having
hydantoin facemase activity. HPLC analysis was

performed under the same conditions given in Section 4




conparative exanple, the reaction was also perforned w thout adding the

di srupted cell solution of reconbinant bacteria having hydantoi n racenase
activity. After 9 hours of reaction, 98.1%e D- phenyl al ani ne was gener at ed
at. the conversion rate of 83% The conversion rate was 40%in the
conparative exanple in which the reaction was perfornmed w thout adding the
di srupted cell solution of reconbinant bacteria having hydantoi n racenase
activity. [0139] 7. Synthesis of [)%hcarbanylphenylalanlne from

DL- 5- benzyl hydantoi n The reaction was perfornmed under the same conditions
descri bed bn %gctlon 2 except that DL-5-benzyl hydantoin was used as the
substrat e?°Ad conparative exanple, the reaction was al so perforned

wi t hout addi ng the E%?E,)léﬁt ed cell solution of reconbinant bacteria having
hydant oi n racenase |V|ty After 20 hours of reaction,

D- N-car ba Ipheny aI ne_was -7 gene léﬁﬁjﬁg\ver Si gpgtate of 84%
The conversion % §1§l8%| n (ﬁ]e corrpltgrﬁ‘ij g exanpl e in which the

ii?ﬁ%?ﬂaﬁbﬁ%ﬁéﬁﬁmﬁ‘ﬁ RiH)dant ol & racemmse activity. -76- CLA VE:
| The reaction was performed under the same
conditions described in Section 1 except that
DL-5-benzylhydantoin was used as the substrate. As a
comparative example, the reaction was also performed
without adding the disrupted cell solution of recombinant
bacteria having hydantoin racemase activity. After 9 hours
of reaction, 98.1%ee D-phenylalanine was generated at the
conversion rate of 83%. The conversion rate was 40% in
the comparative example in which the reaction was
performed without adding the cﬁsrupted cell solution of
recombinant bacteria having hydantoin racemase activity.
[0139]

.7. Synthesis  of D-N-carbamylphenylalanine  from
DL-5-benzylhydantoin

The reaction was performed under the same
conditions described in Section 2 except that
DL-5-benzylhydantoin was used as the substrate. As a
comparative example, the reactioniwas also performed
without adding the disrupted cell solution of recombinant
bacteria having hydantoin racemase activity. After 20

hours of reaction, D-N-carbamylphenylalanine = was




1. A pol ypeptide having hydantoin racemase activity and properties
including: (1) a nol ecular. weight of about 139,000; (2) a Kmval ue of
about 0.304 nMfor L-5-(2-nethylthioethyl) hydantoin; (3) an effective
tenperature range of 25C to 65C and an optinmum tenperature of about 40C;
(4) an effective pHrange of 6 to 10 and an optinumpH of 8 to 9; (5)
tenperature stability at or below 30C, and (6) pH stability between 4.5 to
8.0. 2. A polypeptide as set forth ifgclaim1, wherein the polypeptide
originates in a mcroorgani smof Genus Bacillus. 3. A polypeptide as set
forth in ¢lai rey L§680 i §Mg4%Bathld uDrsperHbiK519HR ( FERM
BP- 10477) %egl.erpﬁ%gg}ﬂggeg%?dgg g\??r'ﬁgégn%gg’?no aci d sequence represented by
SEQ I D NO, of .the, Seq i St i 5 hbdé BOCeddsha thad ypepti de
of any on@a%? Yv'ﬁ’{] 40% #s%nﬁ r%%g 4r.§t61.VéA% hat encodes an am no acid

sequence _represent I i QURNGH skutledd cell A DNA
havi ng a Egggtg%ugﬁge8¥g§$g§lg% g@tb}éo&{SIf{Q IIS%IQ 2 of t?\%eSeggence

l._l st ng’ %rolgtpoar?e SEUUSDCEmbinant bacteria having hydantoin

racemase activity.




equi val ent thereof, and including a hydantoin racemase gene. 8. A
reconbinant plasm d including a DNA of any one of clains 5 through 7. 9. A
reconbi nant plasmd as set forth in claim8, wherein the reconbi nant
plasmd is plasm d pBHROOL. 10. A transfornmant .obtained by transformng a
host mcroorganismwth a reconbinant plasmd of claim8 or 9. 11. A
transformant as set forth in claim 10, wherein the host mcroorganismis
Escherichia coli. 12. A transformant-as set forth in claim 10, wherein the
transfornmant is Escherichia coli HB101 (pBHROO1) -78- (FERM BP-10476). 13.
A mcroor Qﬁ%&% capabl e of producing a polypeptide of claim1l or 4 and

bel ongi ng Bacillus. 14. A mcroorganismas set forth in claim13,

wher ein the 1 g7 ogr gafy Su | MBI 1390 kNBAOFRoc GFEERI BFEiLO4TT) or 2

mut ant strain A proce or produci ng hydantoin racenase,
conpri si ng:ncq?ul turi n%JelS H%F?ua%gam sm capabl e of producing a pol ypepti de

of -any on PIOR ough accunul ating the pol ypeptide in a
culture of the ,m crooraani ot dRdzfeldeabbit 189, BYlopepti de.
| - (2) a Km value of about 0.304 mM for
L-5-(2-methylthioethyljhydantoin;
(3) an effective temperature range of 25°C to 65°C
énd an optimum temperature of abc‘)ut 40°C;

(4) an effective pH range of 6 to 10 and an

optimum pH of 8 to 9;
(5) temperature stability at or below 30°C; and

(6) pH stability between 4.5 to 8.0.

2. A polypeptide as set forth in claim 1, wherein the
polypeptide originates in a miqroorganism of Genus

Bacillus.

3. A polypeptide as set forth in claim 2, wherein the

microorganism - is  Bacillus sp. KNKS19HR (FERM

BP-10477).

4. A polypeptide having an amino acid sequence

represented by SEQ ID NO: 1 of the Sequence Listing.

5. A DNA that encodes a polypeptide of any one of




16. A process for producing hydantoin racenmase as set forth in claiml15,
wherein the m-croorganismis a transformant of any one of clains 10
through 12, or a mcroorganismof claim13 or 14. 17. A process for
produci ng hydantoin racenmase as set forth in claim 16, wherein the

m cr oor gani sm capabl e of produci ng hydantoin racemase i s Bacillus sp.
KNK519HR ( FERM BP- 10477). -79- 18. A process for produci ng hydantoin
racemase as set forth in claim16, wherein the transformant capabl e of
produci ng hydantoin racenmase is Escherichia coli HB101 (pBHROO1l) (FERM
BP-10476) .,.19. f,or racem zing optically active 5-substituted
hydantoiﬁﬂaé%#%ﬁigﬁgé%’ ué?ng an optically active 5-substituted hydantoin
conpound to be acted wupon by a pol ypeptide having hydantoi n racenmase
~activity set forth in any one of clainms 1 through 4, a transformant of

any -one of cIaégé#%m@ogggtlgﬁ?ggdgsmacﬁo%rlgglgbsrg(gtj §é@henkd or 14. 20.

A process for ptic y active stituted hydantoin as set

forth in claim19 erej eroptizcakly aetl 2 i4yt ed hydantoin
conpound ¥%Pr%%??ﬁ%% ?t‘?Q\/LBSNgEbét ?Et}#éedgtﬁﬁégen[?%?ggr‘s%ﬁ%sent ed by
General Formula (1) RH :

7. A DNA having a base sequence represented by
SEQ ID NO: 2 of the Sequence Listing, or a base sequence

equivalent thereof, and including a hydantoin racemase

gene.

8. A recombinant plasmid including a DNA of any

one of claims 5 through 7.

9. A recombinant plasmid as set forth in claim 3,

wherein the recombinant plasmid is plasmid pBHROOL.

10. A transformant obtained by transforming a host

microorganism with a recombinant plasmid of claim 8 or

9.

11. A transformant as set forth in claim 10, wherein -

the host microorganism is Escherichia coli.

12. A transformarit as set forth in claim 10, wherein

the transformant is Escherichia coli HB101 (pBHROOI1)

‘
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N ON (1) OHwhere Rrepresents an al kyl group having 1 to 20 carbon
-80- atons with or without a substituent, an aral kyl group having 7 to 20
carbon atons with or without a substituent, or an aryl group having 6 to
20 carbon atonms with or wthout a substituent. 21. A process for producing
optically active N-carbanylam no acid, conprising causing a 5-substituted
hydant oi n conpound to be acted upon by hydantoi nase, together with a

pol ypepti de having hydantoin racenaﬁg_activity set forth in any one of
claims 1 through 4, a transformant of any one of clains 10 through 12, or

a mcroor [ Gl PEL3 or 14. 22. A process for producing optically
active N-?Egl}%@rrgfpaﬁ‘i% acid as set forth in claim21, wherein the

optically active 5-substituted hydantoin conmpound is 5-substituted
hydantoin represented by General Fornula (1) RH N O):N

13. A microorganism capable of producing a
polypeptide of claim 1 or 4 and belonging to Genus

Baci_llus.

14. A microorganism as set forth in claim 13,
~ wherein the microorganism is Bacillus sp. KNK519HR

(FERM BP-10477) or a mutant strain thereof.

15. A prbcess for 'producing hydantoin racemase,
comprising: culturing a microorganism capable of
producing a polypeptide of any one of claims 1 through 4;

éccumulating the polypeptide in a culture of the

‘microorganism; and collecting the polypeptide.

16. A process for producing hydantoin racemase as.
set forth in claim 15, wherein the microorganism 1s a
transformant of any one of claims 10 through 12, or a

microorganism of claim 13 or 14.

17. A process for producing hydantoin racemase as
set forth in claim 16, wherein the microorganism capable
of producing hydantoin racemase is Ba_cillus sp.

KNK519HR (FERM BP-10477).



O H where R represents an al kyl group having 1 to 20 carbon -81- atons with
or without a substituent, an aralkyl group having 7 to 20 carbon atons
with or without a substituent, or an aryl group having 6 to 20 carbon
atonms wth or wthout a substituent, and wherein the optically active
N-carbanylamno acid is optically active N carbanylam no acid represented
by General Formula (2) R NHCONHZ (2) COOH where R represents an al kyl
group having 1 to 20 carbon atons W&h or without a substituent, an

aral kyl group having 7 to 20 carbon atons with or without a substituent,

or an aryl oroyg NAVifIe &4 139 GHRRR MO AbhRoDT raddiaise as
substi tuent. 8. Agp océ%s as se? forth |ggq§f aim22, wherein the optically

active N ca nﬁlam N9a36 Cl\!l-é quf'@r tﬂ-ecafmgydnﬁa&ﬁugapable of
s

N car barryF’ euci ne, car barry -D-valine, N-carbanyl-D norl eucine,

N- car banyl| - D nor val in b thio gab@mH BD(cly st ei ne,
N- car bany PXBS ?g%a%t%%l\l?gg%:ﬁ&g? Bg pﬁggﬁfgﬁd}& ne,

N-car ba”V'(pB}Pﬁ?)’byl PHYERN BE40476).

19. A process for racemizing optically active
5-substituted hydantoin, .comprising causing an optically
_éctive 5-gsubstituted hydantoin compound to be acted
upon by a polypeptide having hydantoin racemase activity
set forth in any one of claims 1 through 4, a transformant
of any one of claims 10 through 12, or a microorganism of

claim 13 or 14.

20. A process- for racemizing optically active
5-substituted hydantoin as set forth in claim 19, wherein
'the optically'active 5-substituted hydantoin compound is
optically active 5-substituted hydantoin represented by

General Formula (1)

ZT

(1)

where R represents an alkyl group having 1 to 20 carbon




and N-carbanyl - D- 4- hydr oxyphenyl gl yci ne. 24. A process for producing an
optically active amno acid, conprising causing a 5-substituted hydantoin
conmpound to be acted upon by hydantoi nase and N-carbanyl am no acid

am dohydrol ase, together with a polypeptide having hydantoin racenase
activity set forth in any one of clainms 1 through 4, a transformant of any
one of clains 10 through 12, or a mcroorganismof claim 13 or 14. 25. A
process for producing an optically éive amino acid as set forth in claim
24, wherein the 5-substituted hydaﬁﬁg n conpound is 5-substituted

hydantoi n represented b neral Fornmyl a.: R H where R
regr;a;;ant §:9E‘%I W}}fglﬁgpﬁﬁﬂﬁé\ﬂ%@ il P?%%‘é%%éh g%t o|>1r1r~x§l W?I% g}‘%{r}u\% thout a
substituent, .an ara rou aving_ 7.0 20 .carbqn i r wthout
'St B 20 o0 80 PRSI B SO L

W thout aoiu%i{ ! éyflntgro%]g Wé%riﬁ'g” 61 hteo OQE)' %%lrh%nacét'ovzﬁsa%ﬂ% gl d is

without a substituent.

21. A process for producing optically active
N-carbamylamino acid, comprising causing a
5-substituted hydantoin compound to be acted upon by
hydantoinase, together with a polypeptide having
hydantoin racemase activity set forth in any one of claims
1 through 4, a transformant of any one of claims 10

through 12, or a microorganism of claim 13 or 14.

22. A process for producing ‘optically active
N-carbamylamino acid as set forth in claim 21,

| wherein the optically active 5-substituted hydantoin

compound ié 5-substituted hydantoin represented by

General Formula (1)

. ]
(1

where R represents an alkyl group having 1 to 20 carbon




represented by General Formula (3) R)---~NHz COOH where Rrepre
al kyl group having 1 to 20 carbon atons with or without a substit

ar al kyl

or an aryl group having 6 to 20 carbon atons with or w thout a
~substituent. 26. A process as set forth in claim25, wherein the
active amno acid is one of D-leucine, D-isoleucine, D-valine,
D-norl eucine, D-norvaline, D nethiogine, D-cysteine, D-penicillanne
D- phenyl al ani ne, D-phenyl gl yci ne, and D 4- hydr oxyphenyl gl yci ne. ’

atoms with or without a substituent, an aralkyl group
having 7 to 20 carbon atoms with or without a substituent,
or an aryl group having 6 to 20 carbon atoms with or
without a substituent, and

wherein the optically active N-carbamylamino acid is
optically active N-carbamylamino acid represented by

General Formula (2)

R NHCONH,

COOH @)

where R represents an alkyl group having 1 to 20 ca.rbon
atoms with or WithoutAa substituent, an aralkyl group
_having 7 to 20 carbon atoms with or without a substituent,
or an aryl group having 6 to 20 carbon atoms with or

without a substituent.

23. A process as set forth in claim 22, wherein the

 optically active N-carbamylamino acid is one of

N-carbamyl-D-leucine, N-carbamyl-D-isoleucine,

N-carbamyl-D-valine, N-carbamyl-D-norleucine,

N-carbamyl-D-norvaline, N-carbamyl-D-methionine,

| N-carbamyl-D-cysteine, N-carbamyl-D-penicillamine,

N-carbamyl-D-phenylalanine, N-carbamyl-D-phenylglycine,

sents an
uent, an

group having 7 to 20 carbon atons with or wi thout a substituent,

optically




-82 -
and N-carbamyl-D-4-hydroxyphenylglycine.

24. A process for producing an optically active amino
acid, comprising causing a 5-substituted hydantoin
compound to be acted updn by hydantoinase and
~ N-carbamylamino acid amidohjdrolase, together with a
polypeptide having hydantoin racemase activity set forth
in any one of claims 1 through 4, a fransformant of any
one of claims 10 through 12, or a microorganism of claim

13 or 14.

25. A process for producing an optically active amino
acid as set forth in claim 24,
wherein the 5-substituted hydantoin compound is

5-substituted hydantoin represented by General Formula

{1)

ZT

N

Ir=

where R represents an alkyl group having 1 to 20 carbon

&

atoms with or without a substituent, an aralkyl group

having 7 to 20 carbon atoms with or without a substituent,




- 83 -
or an aryl group having 6 to 20 carbon atoms with or

without a substituent, and

wherein the optically active amino acid is

represented by General Formula (3)

R NH,

(3)
COOH

where R represents an alkyl group having 1 to 20 carbon
atoms with or without -a substituent, an aralkyl group
having 7 to 20 carbon atoms with or without a substituent,

or an aryl group having 6 to 20 carbon atoms with or

without a substituent.

26. A process as set forth in claim 25, wherein the

optically active amino acid is one of D-leucine,

D-isoleucine, D-valine, D-norleucine, D-norvaline,
D-methionine, D-cysteine, D-penicillamine,
D-phenylalanine, D-phenylglycine, and

D-4-hydroxyphenylglycine.




