- -1 - DESCRIPTION 5-SUBSTITUTED HYDANTOIN RACEMASE, DNA ENCODING THE SAME,
RECOMBINANT DNA, TRANSFORMED CELL, AND PROCESS FOR'PRODUCTION OF
OPTICALLY ACTIVE N-CARBAMYLAMINO ACID OR OPTICALLY ACTIVE AMINO ACID
TECHNICAL FIELD [0001] The present invention relates to a polypeptide having novel hydantoin
~ racemase 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 relates to a process for efficiently producing optically active
N-carbamylamino acid or optically active amino a"cﬂd“using hydantoin raccmase. - 2 -
CROSS-REFERENCES TO RELATED ARPLICARIQNSIQ0021 The present application hereby
.- claims priority on 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

5-SURBSTITUTED HYDANTOIN RACEMASE, DNA
ENCODING THE SAME, RECOMBINANT DNA,
TRANSFORMEE) CELL, AND PROCESS FOR PRODUCTION
OF OPTICALLY ACTIVE N-CARBAMYLAMINO ACID OR
OPTICALLY ACTIVE AMINO ACID

TECHNICAL FIELD
[0001]

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

using hydantoin racemase.




[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 optically 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] 3 - N-carbarnylD-anino acid amdase 0 D-5 substituted
bydantoin 1 Hyciantoin Nabo acidaarnmHo acid_ o, _

CROSS—REP‘ERE}NCES TO RELATED APPLICATIONS
[0G02])

The present application hereby claims priority on
Japanese patent épplica‘cion 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-gsubstituted 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
opticélly active amino acid, which is important as a
.scurce material of pharmaceuticals, chemical produces,
and food additives, using a B-substituted hydantoin
compound as a starting material.

[0004]




\j N-carbarmyl-
R - - D»hydantoinasi Rm D-amitio adid R\/’C{}@H

: 3 . : arridchydrolase 3'
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O
Tr5 substituted hydantoin N-carbamyl-D-amino acid Dr-arpino acid
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15 substituted hydantoin Necarbamyb-L-armine acid L-ammno acid

Reaction Formula (1)
[0005]

As shown in Formula (.I}, in order to proéuce
| optically active N-carbamylamino 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 acid amidohydrolase having or not
having stereoselectivity.

[0006]




0 L-5 sub. N-carbarnyi-L-amino acid Reaction Formula (I) tranimTh acid [00051 As shown in
Formula (1), in order to produce optically active N-carbamylamino 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-ca bamylanaino acid arnidohydrolase
having or not having stereoselectivity. [00061 - 4 - The enzyme reactions by hydantoinase and
N-carbamylamino acid arnidohydrolase may be separately performed in two steps, or alternatively the
two enzymes may be mixed together to perform the two reactions in one step. [00071

Thedecarbamylationr%%céionfgg%mm cenctions by hydantoinase and

N-carbamylamino acid amiéahydrolase may be separately
performed in two steps, oOr alternatively the two enzymes
may be mixed together to perform the two reactions in one
step.

[0007]

The decarbamylation reaction  following  the
hydanteinase reaction may alternatively be performed -
using a decarbamylation method employing conventionally
well-known chemical reactions, other than the foregoing
method using enzyme.

(0008}
in the method of reaction using hydanteinase and
" N-carbamylamino. acid amidohydrolase, performing the
racemization of the starting S-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 compounds that undergo chemical racemization
in the foregoing reaction system. However, they are only

limited kinds of such compounds. Further, in many of



hydantoinase reaction may alternatively be performed using a decarbam.ylation method employing
conventionally well-known chemical reactions, other than the foregoing method using enzyme. [0008]

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 haﬁ\]/e been known 5-substituted hydantoin compounds

that undergo chemical racemization in the foregoihg reaction system. However, they are only limited

kinds of such compounds, Further.Jn Mapy &6 roin Suehdpuibstituted hydartieimeoaipounds, the

chemical ra.cemization proceeds either slowly or does not proceed at all in practice. As such, a high
yield cannot be,expacied when hydaatbinshcemasédwipt useth #esithérefore &fy deaningful to use
hydantoin racemase in the present reaction system. Accordingly, a search is underway for hydantoin
racemase in artlei to facilitate racemization ofopticay Hahik SaRBSHuRS AFESTE T compounds,
~ which can be racemized only slowly. polo] As exam Iesgf rﬁicrsoor %gie %h@éggn produce

- hydantoin racéﬁ’ﬁ&%,ﬂﬁ@ﬁﬁ%ﬁgéﬁ%ﬁg%ﬁwé%ﬂ&ﬁi%é hus dfe known: Arthrobacter; (Patent

- Publication 1, Non-Patent Publication 1); Psel onas (Ratent Publicatipn 2, Nan-Ratent Publication
- 2); Agrobacte%?ﬁfﬁgﬁ- ent Pl}b?i%at)lrgﬁ%g,#l\lqgﬁq-}lgatent%ublication 4, Patezﬁt Publication 3);

Sinorhizobium. (Non:Patent Bublicatign S Mierebacteriure {Patent Publication 4y, Rlavobacterium
(Patent Publication 5); Pasteurella (Patent Publication 6); Candida (Patent Publication 7). [Patent

Publication 1]iJapanesslaidL2penRateritP ubtidationNof 4015611¢ 987 (Fokikeish® 620122591) [Patent
Publication 2] .
optically active B5-substituted hydantein compounds,
which can be racemized only slowly.
10010]
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 4y;
Flavobacterium (Patent Publication 5}; Pasteurella {Patent
Publication 6); Candida ‘(Patent Publication 7}.
[Patent Publication 1]
Japanese Laid-Open Patent Publication No.
122501/1987 (Tokukaisho 62-122591)
[Patent Publication 2]

Japanese Laid-Open Patent Publication Nao.



Japa_nes_eLaid-OpenPatentPuincationNo. - 6 - 271784/1992 (Tokukaihei 4-271784) [Patent
Publication 3] PCT International Publication No. W003/100050 [Patent Publication 41
JapaneseLa!d-OpenPatentPuincationNo. 330784/2002 (Tokukai 2002-330784) [Patent Publication 5]
JapaneseLa!d-OpenPatentPuincationNo. 210176/2003 (Tokukai 2003-210176) [Patent Publication 6]
JapaneseLaid-OpenPatentPublicationNo. 210177/2003 (Tokukai 2003-210177) [Patent Publication 7]

ialpaneseLaid-OpenPatentPuincationNo. 47194/1986 (Tokukaisho 61-47194) [Non-Patent Publication
- -

971784/1992 (Tokukaihei 4-271784)

[Patent Publication 3]

PCT International Publication No. W003/100050

[Patent Publication 4] |

Japanese  Laid-Open Patent  Publication No.
33078472002 (Tokukai 2002-330784)

[Patent Publication 3]

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 (Tc}kukaisho.61-47194)

[Non-Patent Publication 1]

J. Biotechnol., vol.80, 217 {2000)

[Non-Patent Publication 2] |

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

[Non-Patent Publication 3]

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

‘[NonmPatent Publication 4]

Biotechnol. Prog., 18, 12@1 (2002), Biochem. Biophys..
Res. Commun. 303, 541 (2003) '

{NomPa{ent Publication 5]




- J. Biotechnol., vol.80, 217 (2000) [Non-Patent Publication 21 J. Bacteriol., vol.174, 7989 (1992)
[Non-Patent Publication 31 Appl. 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] - 7 - Appl. Microbiol., 70, 625 (2004) DISCLOSURE OF INVENTION PROBLEMS TO

BE SOLVED BY THE INVENTION [0011] However, none of the foregoing publications reports
enzymes having racemization activity for 5-substituted hydantoins in the production of corresponding
~ unnatural amino acids, for example, such as D-ngrvaline, D-norleucine, D-pcnicillamine,
D-0-methylserine, and D-homoserine. [0012] ~ 7

Appl. Microbiol., 70, 625 (2004}

DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0011] -

However, none of the foregoing publications reports
enzymes having racemization activity for S-substituted
hydantoins in the production of ‘éorresponding unnatural
aminoe acids, for example, such as D-norvaline,
D-norleucine, D-penicillamine, D~O~mefhylserine, and
D-homoserine.

[0012]

It is completely unknown whether bacteria of Genus
Bacillus have hydantdin 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 OF
transformants capable of producing the enzyme, and a
producing process of hydantoin racemase using such

microorganisms or transformants. -




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] Itis
an object of the present invention to provide a novel hydantoin racernase. 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 so as to provide microorganisms or transformants capable of producing the
~enzyme, and a producing process of hydantoin racemase using such microorganisms or
transformants. - 8 - It is yet another object of the present invention to provide a process for

efficiently producing@ptically. active,N-¢arbappdaming acid op ppiieally activanaimino axid using the
hydantoin racemase. MEANS FOR SOLVING THE PROBLEMS (00 141 In view of the foreign
objects, the inyestatscottherpresent foventitivlookéd inte 8 Wide Fange 10ifs 16 S84rch for
microorganisms having hydantoin racemase activjty,-@nd as a result s&gaé%tle o grl bacterium of
Genus Bacillull capebfeel et a13rge AHGHHE of hyahiSin Tacemase With desirable properties.
Hydantoin rac ma}s.&ga% %ﬁl&tgﬁ aglqlglé@fied from the microorganism, and a hydantoin racemase
gene was suckd&s lyisolated and expressed in host m'croorganisms. A hydantoin racernase

- 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 MIbASSUDSIRURE hydaHtoh BEmPBBEnEs-telkther with hydantoinase Or
N-carbamylarnino.acid amidohydrolase. This improved the yield of reactions producing optically active
N-carbamylamino acid andigﬁ’iﬁl}ly active amino acid, thereby accomplishing the

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 {rom the
microorganism, and a hydantoin racemase gene was
successfully isolated and expressed in host
microorganisms. A hydantoin racemase obtained by the
present invention was found to also act upon
5.gubstituted hydantoin compounds corresponding to the
foregoing unnatural amino acids.

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

optically  active amino acid, thereby a_ccomplishing the |




present invention, [0015] According to one aspect, the present invention provides a polypeptide 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-5-(2-methylthioethyl)hydantoin; (3) an effective temperature range
of 25C to 65C and an optimum temperature of 40C; (4) an effective pH range of 6 to 10 and an
optimum pH of 8 to 9; (5) temperature stability at or below 30C; and (6) pH stability between 4.5 to 8.0.

[0016]
.0 -
' present invention.
[G015]

According to one aspect, the present invention
provides a polypeptide 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~5—{2«methylthioethyl}hydantein;

(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.

10016]

In aﬁother 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 invenﬁon provides a

recombinant plasmid iz_'zcluding the DNA.

[0019]



In another aspect, the present inventlon 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] - 10 - In another aspect, the present invention
provides a transformant obtained by transforming a host microorganism with the recombinant plasmid.
[0020] In another aspect, the present invention provides a microorganism capable of producing the
polypeptide and belonging to Genus Bacillus. n another aspect, the present invention provides a
process for producing hydantoin racemase, incluting: culturing a microorganism capable of producing

the polypeptide; accumulating, the palypeptide,in a.culbers ofithegnicronrgarisimiasd gollecting the
polypeptide. In another aspect, the present invention provides a process for racemizing optically

active 5-substifuted fydantain, inchidingreausingkan opticallysdctive B-gubstitutedHydantoin compound
to be acted upon by the polypeptide having hydantoin racemase activity, the transformant, or the
microorganismjcroorganism with the recombinant plasmid.

[0020]

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

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

in another aspect, the present invention provides a
process for racemizing optically active 5-substituted
hydantoin, including causihg an optically active
5.gubstituted hydantoin compound to be acted upon by‘
the ;{)oiypeptide having hydantcin racemase activity, the
transformant, or the microorganism.

[0021] |

In another aspect, the present invention provides a
process for racemizing optically active 5-substituted
hydantoin, | including causing an optically active
5-substituted hydantoin compound to be acted upon by

.-the polypeptide having hydantoin racemase activity, the

transformant, or the microorganism, the optically active



[0021] In another aspect, the present invention provides a process for racemizing optically active
5-substituted hydantoin, including causinganoptically active 5-substituted hydantoin compound to be
ac_ted upon'by the polypeptide having hydantoirt racemase activity, the transformant, or the
microorganism, the optically active - 11 - 5-substituted hydantoin compound being fepresented by

General Formula (1) [0022] (1)
11 -
5-substituted hydantoin compound being represented by

General Formula (1)

[0022]-

[0023]
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 suhstituent,
or an aryl group having 6 to 20 carbon atoms with or
without a substituent.
| {0024}

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

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

acid represented by General Formula {2} below,




[0023] 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. [0024] In another aspect, the present invention
provides a process for producing optically active N-carbarnylamino acid, including causing a
5-substituted hydantoin 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-carbamyll%mino acid represented by General Formula (2)
below, - 12 -[0025] NHCONH2 (2) COOH ~ =~

[0025]

R NHCONH,

(2)
COOH

10026]
where R repfesents an alkyl group having 1 te 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,
the process includihg causing a 5-substituted
hydantoin compound of General Formula (1) to be acted
upon by hydantoinase, together with thé polypeptide, the
transformant, or the microorganism,
| [0027]
in another aspect, the present invention provides a
process for praducihg an optically . active amino acid,
including causing a 5-substituted hydantoin compound to
be acted upon by hydantoinase and N-carbamylamino acid
amidohydrolase, together with the polypeptide, the
transformant, or the microorganism.
[0023]
In another aspect, the present invention provides a

process for producing an optically active amino aci@




[0026] 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, the process including causing asubstituted hydantoin
compound of General Formula (1) to be acted upon by hydantoinase, together with the polypeptide,
the transformant, or the microorganism, 10027] 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 amidohydrolase, together

with the polypeptide, the transformant, or the mi(l:r%c‘)rganism. [0028] In another aspect, the
present invention [provides a.pr

ogess for pr in ically.active amino acid represented by
General Formi@B (3 bRIGW [062 1‘“!\]?%L ?ﬁ%&‘%%@%?ﬁw
[0029]

(3)
COOH

[0030]

“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,

the process including causing a S-substituted
hydantoin compound of General Formula 7(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 1is an
enzyme that can also effectively act upon 5-substituted
hydantoin compounds corresponding to unnatural amino
acids.

In producing optically active N-carbamylamino aci@




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,

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 [00311
invention is an enzyme that can also effectively a
corresponding to unnatural amino acids. In prod

invention, the
the present in

Fovel pyEHmtERtradsy

N-carbamylamind 4cid or opﬁcally ctive amino acid can be efficiently produced. BRIEF

DESCRIPTION, QF RRAVWINGS:i 0032 cid Figute:1 igia tiagedm showingra restrictibe enzyme map of
- recombinant plasmid pBHRO0O01 including hydantoin racemase gene according to an embodiment of

- the present in

ventiopved 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 cr optically active

amino acid can be efficiently produced.

BRIEF DESCRIPTION OF DRAWINGS
[0032]

Pigure 1 is a diagram showing a restriction enzyme
map of recombinant plasmid pBHRO01 including a
hyvdantoin racemase gene according to an embodiment of
the present invention.

Figure 2 is a graph representing Km values for
L-5-(2-methylthioethyljhydantoin of hydantoin racemase
according to an embodiment of the present inveﬁtion.

Figure 3 is a graph representing an effective

temperature range and optimum temperature of hydantoin

the process including causing a 5-substituted

A hydantoin racemase of the present
/E_Lipon 5-substituted hydantoin compounds

ing optically active N-carbarnyla no acid - 14 - or
optically activec)§miggﬁgig1y§inggm@qtqiﬁ@§@(pr N-carbarsytamingyacic amidakydralase acting upon
5-substituted hydantoin compounds and in particular 5-substituted hydantoin compounds
correspondinglo wnriatura) Bniric acids,cahd yieldrotiehgtbirtaficde impFovEd byliRy a hydantoin
racemase of the present invention toﬁgether_. With microorganisms 8nd. transfor@agL Orf the present

A BEU HROSRBM Sroditad. Wit A hydantoin racemase of
vgnstigg 0 i@n&%rogrg%gjggi{){g%guc%ohhygagtoir&gq@@@gg%,cgmgally@ctive




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 is a graph representing
an effective temperature range and optimum temperature of hydantoin - 15 - racemase according to
an embodiment of the present invention. 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 ﬁré&ht invention. Figure 7 is a graph representing

effect of substrate inhibition of hydantoin racemase ageording-teransgmbiaeiment ot the present
invention. BESTMODE (g%% GARRYING OUT THE INVENTION [0033]  The following will describe

the present inygotion iy detail based on an embodiment, [0034] 1. Polypeptide  First, description is
made as to a polypeptide according to an embodiment of the present invention. A polypeptide of the
present invention has fzydaatoin racemageaietivityamcetrisib®inghhiSiea R chémical

range and optimum pH of hydantoin racemase according
to an embodiment of the present invention.

Figure 5 1is &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 represcnting 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]

1. Pdvpeptide

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

racemase activity and the following physical and chemical




- 16 - properties. 1) Action  The polypeptide catalyzes the racemization reaction of optically active

5-substituted hydantoin compounds. 2) Molecular weight About 139,000 3) Km value for
L-5-(2-methy1thioethyl)hydantoin About 0.304 mM 4) Effective temperature range Temperature
range: 25C to 65C; optimum temperature: 40C 5) Effective pH range pH range: 6 to 10; optimum pH
range 8 to 9 6) Temperature stability 30C or below 7) pH stability

- 16 -
properties.
1} Action

The polypeptide catalyzes the racemization reaction
of optically active 5-substituted hydantoin compou_nds.
2) Molecular weight

About 139,000
3} Km value for L-5-(2-methylthicethyljhydantoin

About 0.304 mM
4) Effective temperature range

Temperature range: 25°C to 65"0;- optimum
tem‘perature: 40°C
5) Effective pH range

pH range: 6 to 10; optimum pH range 8 t0 9
6) Temperature stability

30°C or below
7} pH stability

pH 4.5 to 8.0

The polypeptide also has the following pbysicél and
.chemical properties.
8) Relative activity

24.2 units pér 1 mg of pure enzyme
{1 unit is defined as the amount of enzyme that generates
1 pmol D-5-(2-methylthioethyljhydantoin per minute, as
will be described later in connection with the

" measurement method)




pH4.5t08.0 The polypeptide also has the following physical and chemical properties. 8) Relative
activity 24.2 units per 1 mg of pure enzyme (1 unit is defined as the amount of enzyme that generates |
‘pmol D-5-(2-methylthioethyl)hydantoin per minute, as will be described later in connection with the
measurement method) - 17 - 9) Substrate inhibition The polypeptide is subject to substrate
inhibition when 50 to 80 mM L-5-(2-methy1thioethyl)hydantOin is used as a substrate [0035]  Inan
embodiment of the present invention, the hydantoin racemase activity of the polypeptide can be
measured by, for example, quantification of D-S-QZF;methylthioethyl)hydantoin generated at 30C in 30
minutes in 50 rnM Tris (tris(hydroxymethyl)a no éthane)-HC1 buffer (pH 7.5) containing 50 mM

L-5-(2-methylg}i@ﬁy;{@ﬂ@n@ﬂiH&@gﬁpigh-performance liquid chromatography (HPLC) or the like.
[0036] The hydantoin racemase of an embodiment of the present invention (hereinafter referred to

as "present enzyme'tar"prasent dydantoifracerhaset) is@ rovblstyddatoim fadeiiiase which, in terms
of origin, property, and other criteria, clearly distinguishes over the known_hydantoin. racemases
described in cehjanctiBf with tRE BROKGRGUND AR TS ERGRSogHry dantoin 18

used as a substrate
[0035]
In an embodiment of the present invention, the
‘hydantoin racemasc activity of the polypeptide can be
| .measured by, for example, guantification of
D-5-(2-methylthicethyl)hydantoin generated at 30°C in 30
minutes in 50 mM Tris
(tris(hydroxymethyl}amiricmethane)—HCI buffer (pH 7.5)
containing 50 mM L-5-{2-methylithioethyljhydantoin, 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
eﬁzyme” 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 segquence

sharing 50% homology with the amino acid sequence of




(i) The present enzyme has the amino acid sequence sharing 50% homology with the amino acid
sequence of - 18 - the hydantoin racemase originating in Agrobacterium radiobacter (International
Publication W 003 / 100050). Therefore, the two amino acid sequences do not match completely. The
present enzyme also differs from the hydantoin racemase originating in Agrobacteriuflt radiobacter in
terms of substrate inhibition, which is effected on the former but not on the latter. [0038] (i) The
present enzyme has the amino acid sequence sharing 48% homology with the amino acid sequence of
the hydantoin racemase of Microbacterium quugfﬂzﬂgns (Tokukai 2002-330784). Therefore, the two
amino acid sequences do not match completely. The present enzyme also differs from the hydantoin

racernase of WéObﬂ%SQ&qﬁdi%ef@&%@s@rwmmﬂ@ teimperaure; ittiehtistabout 40C in the
former and 50C to 60C in the latter. [0039] (iif) The present enzyme differs from the hydantoin
racemase of Rseutgrnettas syl (Fekukathei4:D7 17841 Beetariol WoliFra! 9985°@092)) in three
amino acid residues. The present enzyme also differs from the hydag{oin racemase 8f Pseudo onas
sp. in terms ofiptinedinT tempeattivecarftFeblmuRt B, AL R 40 8nd*8 to '§ ih the former and 45C

and 9.5 in the latter. The hydantoin racemase of Pseudomonas sp. ig)itsf 19r the
strongracemiza@ighatstityfor E%ﬁl-ﬁf&ﬁ?ﬂﬁ?op%ﬁﬁ%%ﬁtofg%g it (l'gsé or

 L-5-(2-methylthioethyl)hydantoin. Specifically, { lati ctivity for the substraieim

L-5-(1-methyl géff)él{u!%/%};%toinligcl%’%?\%iﬁ resggt%’ Etgifar?ggrg?ativietﬂactivityg of 100 for the substrate
L-5-(2-methy Ithioethyhhyslantein (seefbe propertiestos B-foiratafithe segctiomtinie 6510 minutes in
Table 1 of Tokukaihei 4-271784). [0040I On the other hand, the present enzyme has the relative
activity of 2 fos the-substrate hebfi=methyipropythydarifoth Wittigespect 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)|APé%present enzyme therefore greatly differs from the hydantoin

racemase of Pseudomonas sp. also in terms of substrate specificity, in addition te grtimum
temperature and pH.(WeTﬁ}SpBﬁ%%e&tther%r%%z%ﬁ%saaé) %[llena%r S/é d#ferent. [0041]

sharing 48% homology with the amino acid sequence of
the hydantoin racemase of Microbacterium I?quefaciens'
(Tokukai 2002-330784). Therefore, the two amino acid
sequences do not match éompletely, The present enzyme
also differs from the hydantoin racemase of Microbacterium
liguefaciens 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 the hydantoin
.racemase of Pseudomonas sp. (Tokukaihei 4-271784, J.
Bacteriol., vol.].74,’7989 (1992}) in three amino acid
residues. The present enzyme also differs from the
hydantoin racemase of Pseudomonas Sp. in terms of
optimum temperature and optimum pH, which are 40°C
and 8 to O in the former and 45°C and 9.5 in the latter.

The hydéntoiﬁ racemase of Ps_eudomona_s SP- exhibiis




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 -20 - belonging to Genus

- Bacillus, in which the presence or absence of hydantoin racema.se 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 from those found in known hydantoin racemases, and that
the present hydantoin racemase also acted on 5-substituted hydantoin compounds corresponding to
unnatural amino acids (see Table 2 of Exampl€e 2;)9 [0042] 2. Microorganisms A polypeptide

according to a&%r}pgdiment of the presentipyshtion can be qhtaiped preferably frggrmicroorganisms
belonging to Genus Bacillus, and more preferably from Bacillus sp. KNK519HR. [0043] Bacillus sp.

KNK519HR isa hacteriak stainpisolateth add abteined byahe inveittors adcarding tofthe present
invention. Bacillus sp. KNK51 9HR was deposited on December 12, 2005 at the International Patent
Organism Depiositdy-PODY; tel MNatttong hmstaasoohAdvasedfl prdistria Scisiéd Aifd Technology,

whose address is Tsukuba Central 6, 1-1-1 Higashj Tsukuﬁ Ibaraki ggg n, 305-8566, and has been
assigned dep@siaF; GededsibhthamBerEERM BY-1ba7 7t rh%%‘ﬁ@é’ln ‘§8‘§’|‘te0&n- 2 -

132 with Tespect to the relative activity of 100 for the

substrate  L-5-{2-methylthicethyijhydantoin (see  the

proportion of D-form at the reaction time of 10 minuges in

Table 1 of Tokukaihei 4-271784}. T
[0040]

On the other hand, the present enzyme has the
relative acfivity of 2 for the substrate
'I-,~5-(1~methylpropy1)hydantoin with respect to the relative
-activity of 100 for 'L-5-{2-methylthiocthyljhydantoin to
which the present enzyme shows strong racemization
activity (see Table 2 of Example 2). The present enzyme
therefore greatly differs from the hydantom'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



| 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.
KNK5191-1R. [0044] 1. Morphology 1) A bacillus of the size of about 1.0 to 1.1 pm (diameter) x
2.0t0 4.0 pm 2) Gram staining: Positive 3) Mortility: Yes 1) Spores: present 5) Colony
morphology on agar plate culture: circular, undulate, convex glossy, yellow 2. Culture Properties
l)C_Erowth temperature test: 37C(+), 45C(-) 3. Physiological Properties 1) Catalase: + 2) Oxydase: - 3)
Acid/gas production (acid production/gas producggn) from glucose: -/-

belonging to Genus Bacillus, in which the presence or
absence of hydantoin racemase 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
from those found in known hydantoin racemases, and that
the present "hydantoin  racemase alse acted on
5.substituted hydantoin compou‘nds corresponding to
unnatural amineo acids (see Table 2 of Example 2.
[0042]

2. Microorganisms

A p@iypeptide according to an embodiment of the
present invention can be obtained preferably {rom
microorganisms belonging to Genus Bacillus, and more
preferably from Bacillus sp. KNKS19HR.

[0043]

Bacillus sp. KNK519HR is a bacterial strain isolated
and obtained by the inventors according to the present
invention. Béciilus sp. KNK519HR was deposited .on
December 12, 20-(}5 at.thé International Patent Organism
Depository (IPOD), the National Institute of Advanced
Industrial Science and Technology, whose address is
Tsukuba Central 6, i-1-1 Higashi, Tsukuba, Ibaraki,:
Japan, 305-8566, and has been assigned depository

accession number FERM BP-10477 (domestically deposited



4) O/F test (oxidizatio_n/fermentation): -/- 5) Fermentation test Glycerol: + Erythritol: - D-Arabinose: - _
22 - L-Arab nose: - Ribose: + D-Xylose: + L-Xylose: Adonitol: - (3- M ethyl-D-xylo se: - Galactose: +
Glucose: + Fructose: + Mannose: - Sorbose: - Rhamnose: - Dulcitol: - Inositol: - Mannitol: + Sorbitol: -

-Me_thyI-D-mannose: - a-Methyl-D-glucose: - N-Acetylglucosamine: + Amygdalin: Arbutin: + Esculin: +
Salicin: + Cellobiose: + Maltose: +

-1 -
strain originally deposited on December 15, 2004 was
transferred to the International Depository Authority
under Budapest Treaty). The foﬂoi&ring-ﬁsts microbiological '
properties of Bacillus sp. KNKS1SHE.
[0044]
1. Morphology
" 1) A bacilius of the size of about 1.0.to 1.1 pm

{diameter) x 2.0 to 4.0 nm

2} Gram staining: Positive

3) Mortility: Yes

4) Spores: present

5) Colony morphology on agar plate culture: circular,
undulate, convex, glossy, yvellow
2. Culturé Properties

1} Growth temperature test: 37°C(+}, 45°C(-}
3. Physiclogical Properties
1)} Catalase: +
2) Oxydase: -
3) Acid/gas production (acid production/gas production)
from glucose: -/- |
4) O/F test (oxidization/fermentationj: -/~
5) Fermentation test

Glycerol: +

Erythritol: -

D-Arabinose: -




- 23 - Lactose: - Melibiose: Saccharose: + Trehalose: + - Melezitose: - Raffinose: + Starch: +
Glycogen: + Xylitol: - Gentiobiose: - D-Turanose: - D-Lyxose: - D-Tagatose: - D-Fucose: - L-Fucose: -
D-Arabitol: L-Arabitol: - Gluconate: - 2-Ketogluconic acid: 5-Ketogluconic acid: - 6) Biochemical Test
13-Galactosidase: - Argirtine dihydrolase: - Lycine decarboxylase: -

27 .
L-Arabinose: -

Ribose: +

D-Kylose: +

L-Xylose: -

lAdonitol: -

B-Methyl-D-xylose: -

Galactose: +

Glucose: +

Fructose: +

Mannose: - -

Sorbose: -

Rhamnose: -

Dulcitol: -

Inositol: -

‘Mannitol: +

Sorbitol: -

a-Methyl-D-mannose: -

o-Methyl-D-glucose: -

N-Acetylglucosamine: +
 Amygdalin: -

Arbutin: +

Esculin: +

.Salicixlz.: +

Cellobiose: +

Maitose: +




- 24 - Ornithine decarboxylase: - Use of citric acid: - 1-125 production: - Urease: - Tryptophan
deaminase: - Indole production: - Acetoin production (VP): - Gelatinase: Reduction of nitrate: - 7)
Growth Under Anaerobic Conditions: - 8) Growth Under 10% NacCl: + 9) Hippurate Hydrolysis: - 10)
Casein Hydrolysis: + [0045] From these microbiological properties and analysis of 16SrDNA
sequence, Strain KNK519HR was identified as Bacillus sp. [0046) The microorganism producing a
polypeptide of the present invention may be a wildtype strain or a mutant strain. The mutant strain can
be obtained by methods known to a person ordingy skill in the art, by treating Strain KNK519HR with
UV irradiation, or chemicals such as N-rnethyl-N'-nitro-N-nitrosoguanidine (NTG) Or ethylmethane
sulfonate (EMS), for exampie.: -

Melibiose: -

Saccharose: +

Trehalose: +

Inulin: -

Melezitose: -

Raffinose: +

_Starch: +

Glycogen: +

Xylitol: -

Géntiobiose: -

D-Turanose: -

D-Lyxose: -

D-Tagatose: -

[-Fucose: -

L-Fucose: -

D-Arabitol: -

L-Arabitol: -

Gluconate: -

2-Ketogluconic acid: -

5-Ketogluconic acid: -
6} Biochemicai Test

f-Galactosidase: -

Arginine dihydrolase: -

Lycine decarboxylase: -




- 25 -[0047] The medium for culturing the microorganism producing a polypeptide of the present
invention is not particularly limited as long as the microorganism can grow therein. For example,
common liquid media may be used that contain, as a carbon source, sugars such as glucose and
sucrose; alcohols such as ethanol and glycerol; fatty acids such as oleic acid and stearic acid, and
esters thereof; and oils such as rapeseed oil and soybean oil, and, as a nitrogen source, ammonium
sulfate, sodium nitrate, peptone, casamino acid, corn steep liquor, bran, or yeast extract, and, as an
inorganic salt, magnesium sulfate, sodium chlorigg, calcium carbonate, dipotassium hydrogen
phosphate, or potassium dihydrogen phosphate;"and, as other nutrients, malt extract or meat extract.
To enhance hydantoin racemase; proAusoR theemedium may be supplemented with a small amount
of 5-substituted hydantoin compound. The Supplement is added to the medium in a concentration
range selected fromihe qreuR¢ensistirg of no less than 0.001 weight A and no greater than 10 weight
%, and preferably no less than 0.01 weight '/O and no greater than 1 weight %. [0048] Culturing can be
performed aerobically4i6 arRBrctemperature range of generally no less than 20C and no greater than
40C, and preferably no less than 25C and no greater than 35C, and a pH range of generally no less
~ than 6 and no greatéftR&as$S, and preferably no less than 6.5 and no greater than 7.5. Culture time is
. generally about 1 da,g( to 5 days. Th(ia cultlﬁg rggthgd may be batch-wise or continuous. [0049] 3.
Enzyme Purification r};pégB Attoh %er“lglpuﬁflcdtion of the hydantoin racemase may be performed as
follows. First, after cylturing, fhe, gells;axe callected 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 enzyraesqlutien:isPuiifi€d By a method such as salting-out or column
chromatography to obtain a purified hydantoin racemase. [0050] A polypeptide of the present
invention is obtainedCir theimasaertdescribed above, by culturing microorganisms capable of
producing hydantoin racemase and collecting the hydantoin racemase accumulated in the
microorganisms. A pBisBestidenthd bt invention may be an enzyme obtained from

microorganisn,}s} aé’rdoegf%ﬂb%dn%%%\/i’r%ea N enzyme pradusad by transformants
&) 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 m?croorganiém producing 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-nitro soguanidine (NTG) or

ethylmethane sulfonate (EMS), for example.




- 27 - obtained by gene recombination techniques, as will be described later. An enzyme accordingto
an embodiment of the present invention is a polypeptide with the amino acid sequence of SEQ ID NO:
1 of the Sequence Listing. [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 hydantoin 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 example, 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, ba@Se-sequences encoding the amino acid sequence Of
SEQ ID NO: 1 are equival téo e base sequence of SEQ ID NO: 2, and DNA with such base
sequences are also define NA of the present invention. [0052] As used herein, "base

sequences equwaleq:tgg Q a specific.base geguepcgivefers to, fReexampleobage seguences that
encode the amino acid sequence corresponding to the specific base sequenc , but that are - 28 -

different from %@q@@;ﬂ@bﬁe@ﬁ%ﬁ;@acﬁjrmmm ;emwaientlbaseléwmem%eﬂ@fers to the base
sequence with a substitution, insertion, deletion, and/or addition of one or several bases in the specific
base sequenceganitwithithe péptide dctivity Xﬂﬁ@xérﬁplﬂlﬁyé&h%" AGE88MESEadtRfly) of the peptide

encoded by the specific base S(Ia%%gence Further, "several b ses" E«Ffers gx grefe %blﬁ Do greater than
10 bases, andgnpre pltseiBly fPgréatar iy o, B HBO8 21847 2BESeE [Hbés The DNA

including a hydant emase gene accordin aghergg%qjgéentsq{ & Present,inygntion may be
obtained fromlﬁF% trﬁf)‘le %Dacﬁqﬁjs épaI%NRSJQ QF{ or may be chem%%lly synthesized. The following

describes an exqmple,of Blaining (¥ELDNAINIRAL el e N-deftinis amind acid sequence

of hydantoin racemase purified from a microorganism having hydantoin racemase activity is

determined usglgr@e\ﬁnorﬂ@im@ pEotein seqitencer otdhe lie.dTvend DN prirfefsCafe synthesized
that are designed based on the N-terminus amino acid sequence and the homologoua sequence of
known hydanteindacestase. thereof; and oils such as rapeseed oil

soybean oil, and, as a nitrogen source, ammonium sulfate,
sodium nitrate, peptone, casamino acid, corn steep _lé.quor,
bran, or vyeast extract, and, as an inorganic salt,
.magnesium sulfate, sodium chloride, calcium carbdnate,
dipotassium hydrogen phosphate, or potassium
dihvdrogen 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 S-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 % and no greater than 10 weight %, and
preferably no less than 0.01 weight % and no greater than
1 weight %.
[0048]

Culturing can be performed aer_obically in .a




[0055] Next, chromosomal DNA is isolated from the source - 29 - microorganism of hydantoin
racemase. Chromosomal DNA is obtained from cultured cells by using a UltraCle n obial DNA Isolation
Kit (MO BIO Laboratories, Inc.) [0056] Using the chromo o al DNA as a template, PCR is run with
the DNA primers prepared as above. This produces 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 p{i@gr_s 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 preswpably:ligsdewngteeam of theranizy e CemmirtusnUBingEhe. DN ASrimers, PCR is
run with the chromosomal DNA as a template. As a result, DNA fragments including a full-length target
hydantoin racemase:getiezate $btiihed {0058k feraNxt, e BNA ff8gMRerts ihclfidify the hydantoin
racemase gene are ligated to a vector DNA using T4 DNA Ii%asg or the Iilﬁ and alrecombinant

a

plasmid was obtaigierr e Hhisthid 7 thed Bed t8 HnaR2E g&HG8Rces Sfthe 230 -

than 6 and no greater than 8, and preferably no less than
6.5 and no greater than 7.5. Culture time is generally
about 1 day to 5 days. The culture method may be
batch-wise or continuous.

[G049]

4. Enzvme Purification

Separation and purification of the hydantoin
racemase may be performed as follows. First, after
culturing, the cells are ‘collected from the culture by a
method such as centrifugation. The cells are ,ther;
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 racemése.

[0050]

A polypeptide of thie present invention is obtained in
the manner described above, by culturing microorganisms
'capable of producing hydantoin racemase and coliecting
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




DNA fragment portions including the hydantoin racemase gene introduced in the vector, and the
presence of a coding base sequence of the N-terminus amino acid sequence of the hydantoin
racemase is confirmed. From this, a translation start site and a stop codon are confirmed to determine
an open reading frame [00591 ©  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. [00601 5. Host and Vector As the host and vector, the host-vector system

described in Recombinant DNA Experiment Guri?t%lines (Kumikae DNA Jikken Shishin) (Kagaku
Gijyutsu Cho, Kenkyu Kaihatsushitsu, Life Scierfce, revised on March 22, 1996) may be used. For
example, theg‘ %gmaé’db@g mé%ﬁ%rg{:l@'&mﬂfﬁglﬂMsﬁéeﬂ@hiqlﬂaseudm@Vﬁ%, flezuobacteriurn,
Bacillus, Serratia, (lj%ryne cterium, Breuibacterium, Agrobacterium, Acetobacter, Gluconobacter, 1
Lactobacillus (Qepteragous:ar. Stiepiomyaes. 420atidin gThe &ett@mﬁéyib’@lﬁlﬁa%ﬂd, aphage,ora
derivative thereof originating in microorganisms, capable of self-replication in the hosé It is preferable :
that - 31 - Esgheriphisseniltbinwsett isrthis o PlicRsor §TsiT SRd hE R VB BE capable of
self-replication in Escherichia coll. As such vectors, those readilt%/eaﬁ%l%t%{ .to a person ordinary skill in
the art or thoseceomsmetcialy>HvRiIdble ity b@ldetf RGTHGG For éxampre, pUC18 (Takara Bio Inc.),
pUC19 (Takara Bio Inc.), p (Takara Bio Inc.), pACYC184 (Nippon Gene Co., Ltd.), pSC101
(Furtakoshi Corporation), (Takara Bio Inc.), and pUCNT which can be produced by a person

~ ordinary skill i@ t}*ﬁp@ﬁ according to the teaching of International Publication W094/03613, or

- derivatives of thieséVectors. Further, a vector may be used that has been modified to have a strong
constitutive promoterfos errhiaaging gnzyte piaductiore [0DB216. FfansiermEAE SCIAs an example of
a transformant, transformed Escherichia coil HB101 (pBHRQO1) is obtained by tr %ering
Escherichia coit +B10b with she PeEdmbihabe plashifE pBHROBI BIYGR 1)%hat hasbeen prepared by

inserting the target DNA into pUCNT. Plasmid pBEIR0Q1 is specified by th ictioan. map shown in
Figure f [ooag]?coding a oniypeptide %%vmg tjhe Ryéanto}/n ?é%%ﬂ%l%% P
activity as described above. pPreferably, a DNA of the

present invention is & DNA encoding the amino acid

sequence of SEQ ID NO: 1 of the Sequence Listing. For
exan‘iple, 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, é 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

seguences are also defined as a DNA of the present
invention.
{0052]
As used herein, “base seguences equivalent to a
specific -base sequence’ refers to, for example, Dbase
séquences that encode the amino acid sequence

corresponding to the specific base sequence, but that are



The transformed Escherichia coil HB101 (pBHRO001) obtained according to this method was deposited
on - 32 - 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 ion number
PERM BP-10476 (domestically deposited strain originally deposited on December 15, 2004 was
transferred to the International Depository Authority under Budapest Treaty). [0064] Note that, the
recombinant DNA technique used in the present jnvention is known in the art, and described, for
example, in Molecular Cloning 2nd Edition (Cold“Spring Harbor Laboratory Press, 1989), Current
Protocols in Melecular. Biojogy, (Graene, Bublishing Assodates andoWiley-fnterscietice). [0065]  The
transformant is cultured using common culture medium. Common culture medium should contain
nutrients such-as, acarbonsasce, asaifragensduredzand am ihbrganicssalt TESTHELIR results are often
obtained bysupplementing the culture medium with a trace amount of organic nutrients such as
vitamins and aniirio acidsbStitatflevexainpsiesiépa cabbit Kotircdid eérms%ﬁch as glucose
or sucrose; organic acids such as acetic - 33 - acid; and |C°£0|Sé Eé(gmlglegc%f aggr&gen source
include: ammaeHSm Al a¥EERLSEARRDNE, dicHIE GRS urd® Jeastiskiract, peptone, and corn

steep liquor. Examples of an inarganic.salt in e t agnesi rRatassium salt,
sodium salt, cﬁ&%n%t,ﬁ? n%%\a ,%ﬁﬁla%lt_tgaﬁga%g}gﬁ%% %56&6] : ggl}tfl?r%ﬁs performed in a
temperature r%@?ﬂ&g@%@llxgéC%%?%@ngm@daefwﬁblyﬁécgpeﬁﬁﬁﬁ i s@nge of culturing
~ is generally 4 to 8, and preferably 5 to 7.5. The culture method may be batch-wise or continuous. As
- required, an e@éﬁn@ﬁ@@pin@lpﬁ@@ﬁss‘maympeuam’d,ﬁof%@arﬁ@l@@%ﬁﬁ no
isopropyl-I-thio-P-D-galactoside (IPTG) or lactose. [0067]

greater than 10 bases, and more preferably no greater

than 9, 8, 7, 6, 5, 4, 3, or 2 bases.
[0053]
| The DNA including & hydantoin racemase genc
‘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

example of obtaining target DNA.
[0054]

First, the N-terminus amino acid sequence of
hydantoin racemase purified from a microorganism having
hydantoin = racemase activlity is determined using a
vapor-phase protein seguencer oOr 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.

[6055]

Next, chromosomal DNA is isolated from the source




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
- optically active amino acid, using hydantoin racernase of the present invention. An optically active
N-carbamylamino acid according to an embodiment of the present invention can be produced by
conversion from a 5-substituted hydantoin compound in the reaction catalyzed by hydantoinase,
~according to the method - 34 - representedbyReactionFormula(l). The N-carbarnylamino acid so
produced can be converted into the amino acid by hydrolysis under the action of carbamylamino acid
amidohydrola se, according to the method représented by Reaction Formula (I). Here, by using

hydantoin racemase to tﬁ‘?éniﬁh% enficallactive Ncarhamylamine acid o6 erticatiwactive amino acid
can be produceé oth Iciently and quantitatively from the 5-substituted hydantoin compound, which

has a slow chegical racgmizationmate. (0068} inordertopraducethegpticallyactielRscarhamylamino
acid, it is important in the present invention that the hydantoin racemase of the present invention be

used together Mithrbydantinasd halirg stefé s MEIVRYOInmrbaueifg i optically active amino acid,
the hydantoin racemase of the present invention and the hydantoinase having stereoselectivity may be
used together to first produé&lsptitally active N-carbaniylamino acid, which is then converted into the

amino acid by using N-carbamylamjno acid amid hXﬂ(P ase_or by ical. degarhamylation.
~ Alternatively, the amm8'2&d t}r%gy "%’b%%ac@&éfb%?usmg h%%y%aﬁ%ﬁgrlagc%%ﬁase of the present

~invention togetherli W@imda{ﬁginaﬁ%%q #g@{@g@yl@p@ggﬁg'@ aﬁ@d‘?@%@@?e@w{@” “S".‘g -35 -
hydantoe and Ii\lll-carbamylamlno acid amidohydrolase together, the optically active amino acid can be
obtained when,pply19Re0bthe: enzymesthag stepeaselect vity. [0069] 8. Hydantoinase
[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 determininngase 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 1s
run with the chromosomal DNA as a template. As a result,
DNA fragments including a full-length target hydaﬁtoin
‘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




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 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 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 for hydrolysis,thoseoriginating inthe
microorganisms may be used. Bacteria Acetobacter, Alcaligenes, Achromobacter, Aerobacter,

Agrobacterium,Arthrobacter,Bacillus,Brevibacfe‘?’ m, Corynebacterium,Ente obacter,Erwinta,
Escherichia,

DNA fragment portions including the hydantoin racemase
gene introduced in the vector, and the présence of a
coding base sequence of the N-terminus amino acid
sequence of the hydantoin racemase is confirmed. From
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 micmofganisms 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 FEscherichia, Pseudomondas,
Flavobacterium, Bacillus, | Serratia, Corynebacterium,
Brevibacterium, Agrobacterium, Acetobacter, Gluconobacter,
Lactobacillus, Streptococcus, or Streplomyces.

[0061] |

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

théreof originé‘cing in microorganisms, capable of

 self-replication in the host. 1t is preferable that




Klebsiella, Microbacterium, Micrococcus, Protaminobacter, Proteus, Pseudomonas, Sartina, Serratia,
Xanthomonas, Aeromonas, Flavobacterium, Rhizobium. Actinomycetes of - 36 -
GenusActinomyces,MycobactertNocardia, Streptomyces, Actirtoplanes, Rhodococcus. Molds of
Genus Aspergillus, Paecilomyces, Penicillium. Yeasts of Genus Candida, Phichia, Rhodotorula,
Torulopsis. [0071] 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), Bagillus sp. KNK245 (FERM BP-4863), Pseudomonas
putida IF012996, Pseudomonas sp. KNKOO3A (FERM BP-3181), and Rh.izobiutn sp. KNK1415
(FERM BP-44£9).40073%ic cA% the hydanrtomasehkat vatdlyzes L donmaseisstivediydrolysis, those
originating in Bacillus, Flavobacterium, Arthrobacter, Pseudomonas, and Nocardia may be used.
[0074] . Celis that bxhibitswongcacthnshbcemicisally prodica RydantbiftSsd &l h(fé:ﬁ%/ield can be

. effectively obtained by producing transformed microorganisms as _knpwn in th ethod of

- producing suchatiicrbSrganfdnd REtght i ARSELB g}jﬁ’u%ﬁriféé %?1%\/3&/%0%%%? %rg;xample. As
taught in this %%Q:{Licnag?}r;’ okill in the art or those commercially available

may be used, including, for example, pUC18 (Takara Bior

Inc.), pUCL19 (Takara Bio Inc.}, pBR322 (Takara Bio Inc.),
pACYC184 (Nippon Gene Co., Ltd.), pSC101 (Funakoshi
| Corporation}, pT7Blue (Takara Bio Inc.), and pUCNT which
can be produéed by a person ordinary skill in the art
according to the teaching of International Publication
'W094/{)3613, or derivativ_es of these vectors. Further, a
vector may be used that has been modified to have a
strong constitutive promoter for enhancing epzyme
production.
[0062]

6. Transformant

As an example of a transformant, transformed
Escherichia coli HB10Ol (pBHROO1} is obtained by
‘transforming Escherichia coli HB101 with the recombingnt
piasmid pBHROO1 (Figure 1) that has been prepared by'
inserting the target DNA into pUCNT. Plasmid pBHROO1 is
specified by the restriction map shown in Figure 1.

| [0063]
The transformed Escherichia coli HB101 (pBHROO1)

obtained according to this methed was deposited on




- 37 - hydantoinase gene is first cloned from bacterial strains having hydantoinase activity, and the
gene is inserted into a vector to produce a recombinant plasmid, which is then used to transform
suitable host cells. The recombinant DNA technique is known in the art. [0075] Examples of such
transformants that produce D-form selective hydaritoinase at high yield include: Escherichia coill
HB101 pTH104 (FERM BP-4864) containing a hydantoinase gene originating in Bacillus sp. KNK245
(FERM BP-4863); Escherichia colt HB101 pAH1043 (FERM BP-4865) containing a hydantoinase gene
originating in Agro bacterium sp. KNK712 (FERM BP-1900); and Escherichia coil HB101 pPHD301 :
(FERM I3P-4866) containing a hydantoinase gér‘?@driginating in Pseudomonas sp. KNKOO3A (FERM
6P S181), as discloseddn Intgrnatienal Publicatinn WO96i20329. (0071 : oThepreduction of
hydantoinase by the transformants, or the production of hydantoinase by the bacterial strains having
hydantoinase agtiyify e(pedermed ysingieanhen nitriert mediuni as thughtindfor example,
International Publication W096/20275. As required, an enzyme inducing process may be performed.
[0077] - 38 - 9rN-wathaa lafiheracid amidoharolaselozy N-cakbapsylaailsd a8®l alflohydrolase is

an enzyme that exerts its action in the hydroisis of the N-carb maﬁm'no aci daeri\i{altive to produce
the amino acid derivative, Aswitehydantolidse’ thE ’P&%ﬁmam?;{lg %%tid dmitohydolase used in

the present invention may originate in animals, plants, or micrQQrganisms o1 those
_Originating in n%%wganéﬁ%—gg%qefe?afg% S}I%S %{‘,‘.GFQJ 'crl%% é%{.n d%%g%gt\glﬂﬁp

e for industrial use. Any microorganism may be used as a

source of enzyme as long as L s, capapiR Of prpdueing e enzyme: £ATE11 e pddiedalowing lists

examples of microorganisms that have been conventionally used as a source of D-form selective
N-carbamylamjpe-acid amigolyirplasepAshremobactad cAeniiacter | Aeroiibhds, wgrobacterium,
Alcaligenes, Art hrobacter, Bacillus, Blastobacter, Bradyrhizobium, Brevibacterium, Comamonas,
Flavobacteriurts Ao éexefied Paracodeas, Peteioiridnas RhR6Rfi L SErat 4R Eddrosarcina, as
taught in Japanese Examined Patent Publication (Tokukosho) No. 57-18793, Japanese Examined
Patent Publicafes! eroRuk8ams)Nol 85238520, Japanese Examined Patent Publication (Tokukohei)
No. 1-48758, and Japanes?&ggijr(l)pen Patent Publication (Tokukaihei) No. 6-233690.

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 Assopiates 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 ofﬁen pbtained 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



-39 - [00791 Among these examples, microorganisms of Genus Agrobacterium, Blastobacter,
Comamonas, Pseudomonas, and Rhizobium are preferable as a source of the enzyme. [0080]
Agrobacterium sp.KNK712(FERM BP-1900), Rhizobiumsp.KNK1415(FERMBP-4419),and
Pseudomonas sp. KNKOO3A (FERM 13P-3181) arc more preferable as a source of N-carbamylamino
acid amidohydrolase. [00811 Arthrobacter, Microbacterium, and Pseudomonas are examples of
microorganisms that have been conventionally used as a source of N-carbamylamino acid

- amidohydrolase that catalyzes the L-form selegt'yg hydrolysis. [00821 The microorganisms as

- exemplified above may be wildtype strains or mutant strains that have been mutated to improve

N- carbamylarg@gia%ql@nmgbwggasgmhyg% Fusther rihie ofieroosganisms idyibeé transformants
that have been obtained to produce N-carbamylamino acid amidohydrolase at high yield. [0083)

Transformed migioeiganiams dhat effipiently prodoseN-earbamyRafiNg a8iamitiotydrolase at high
ield are .
Y yeast extract, peptone, and corn steep liquor. Examples of

an inorganic salt include: phosphate, magnesium salt,
potassium salt, sodium salt, calcium salt, iron salt,
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 cuﬁuring 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, Vfor example, by adding

‘ isopropy}.—‘l~t’hio~ﬁmegaiactoside (IPTG) or lactose.
(0067

7 Method of Producing Optically Active N-carbamyvlamino

Acid or Optically Active Amino Acid

| The following will describe a method for efficiently
producing optically active N-carbamylamino acid or
optically active amino acid, using hydantoin racemase of
the  present invention. An optically active
-N~carbamylamino acid according to an embodiment of the
present invention clan be produced by conversion from a
5_gubstituted hydantoin compound in the feaction

catalyzed by hydantoinase, according to  the method




- 40 obtained by a method taught in International Publication W092/10579, for example. As taught in
this publication, N-carbamy-lamino acid amidohydrolase gene is first cloned from bacterial strains
having N-carbamylamino acid amidohydrolase activity, and the gene is 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 selective N-carbamylamino acid amidohydrolase
at high yield include: Escherichia coil IM109 (pAD108) (FERM BP-3184) containing an
N-carbamylamino acid amidohydrolase gene origjpating in Agrobacteriu sp. KNK712 (FERM BP-1900)
described in International Publication W092/ 10579, Escherichia coli JIM109 (pPD304) (FERM

BP-3183) cong@lglgrlgs@%{\ggarbann@aminqmeiamﬂdohydfwasa@me originating i Pseudomonas sp.
KNKOO3A (FERM BP-3181), and Escherichia coil HB101 (pNT4553) (FERM BP-4368) containing an
N-carbamylamine sacic: amyittohyidrolasei gene apitirking dn ARFOLREIEREH S 9ENKTT2 (FERM
BP-1900) that have been genetically modified to improve heat resistance a Q%Srgrib(%? in International

S

Publication W092/036131{0088F ThephdductibhbmiSatbaijisifinoddd 249 41 -
amidohydrolasemay be perfarmed by.culturing.mjcroprganisms ' -carbamylafgpino acid

| amidohydrola§é‘5‘i’f?\ﬁf3?’,§)§ﬁ’alf?fnsf%%/rli"n%ant%%lqdrmnfy RIOANSES ARdnedieebarhal

ereof’using common culture methods. Culturing is

generally perfomag ying juid syient piedie, dubsolithshifaceculiye miay be sed as well

‘Medium is supplemented with a normally utilized carbon source, nitrogen source, and inorganic salt
nutrients essetighfor miciebiabgrowthc lispreferablethataccuniutatiopofadiéarbantyieinino acid
amidohydrolase be enhanced by adding a small amount of (i) amino acids such as
4-hydroxyphenyiglycineandphenylglyeine; (iyr optically active amino amd‘can
Ee produced both efficiently and quantitatively from the
5-substituted hydantoin compound, which has a slow
chemical racemization rafe.
(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
| _iﬁvention 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 active N-carbamylamino
acid, which is then converted into the amino acid by using
N-carbamylamino acid amidohydroﬁase or by chemical
decarbamylation. Alternatively, the -amino acid may be
produced by using the hydantoin racemase of the present

invention together with hydantoinase and

N-carbamylamino acid amidohydrolase. When using




N-carbamyl-a-amino acids such as N-carbamyl-methionine andN-carbarnyl-phenylalanine;
(ii)5-substituted hydantoins such as 5-(4-hydroxyphenyl)hydantoin and 5-phenylhydantoin; (iv)
pyrimidine metabolites such as uracil, dihydrouracil, and Vureidopropionic acid; (v) urea; (vi) metal
ions such as Fe2l-, Fe3', 13e2+, 002", A13', 1VIn2+, Mg2*, and Cs+; or (vii) enzyme inducing agents
such as isopropyl-1-thio-P-D-galactoside (IPTG) and lactose. The concentration of such substance
enhancing production of N-carba ylamino acid amidohydrolase in medium is selected from a range of
no less than 0,1 ITIM and no greater than 10 mr\%%)[ metal ions, and no less - 42 - than 0.01 weight A)

and no greater than 1 weight other substances. [0086] Culturing is performed in a temperature -

range of genegally nogssihan 20@ andno-greatel dhain8bC @dd prefetably dwolbssthan 25C and no
greater than 60C, and a pH range of generally no less than 4 and no greater than 11, and preferably
no less than 5;an riocgreatee thart @:Migrobial growth imay beificitated bycddiaiidRénd agitation.
[0087] 10. Enzyme In the present invention, the hydantoin racemase, hydantoinase, and
N-carbamylarmifoeacieramicstsy okize RREIEE SR AR ﬁ@ﬁﬁﬁ%ﬁ?ﬁ@%‘&%an&ms having the
enzyme activity, or processed proﬁucts of such microorganisms, in addition to be used as enzymes
per se. As used herein, the{%P&% sed products of microorganisms" means crude extracts,

freeze-dried cgltult?d dcggzlgb%gtgge-dried cells, or disrupted cells of these processed products. [0088]
Further, the en?ymgsmy‘bmd as fixed enzymes that are prepared by fixing the enzymes either

directly or in the formpefdnigrepieanisms: aISingknownapeaaswith the activity to
hydrolyze a derivative ol 5-substituted hydantoin to
produce a derivative of N-carbamylaminoe acid. The
hydantoinase used "11"1 the present invention may originate
in animals, plants, or microcrganismos, among which those
' originating in microorganisms are preferable for industrial
use. Any rﬁicroerganism 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
microorganisms may be used. Bacteria of Genus
Acet.obacfer, Achromobacter, Aerobacter, Agrobacterium,
Alcaligenes, Arthrobacter, Bacillus, Brevibacterium,
Corynebacterium,  Enterobacter, Erwinia, Escherichia,
Klebsielln, Microbacterium, Micrococcus, Protaminobacter,
Proteus, Pseudomonas, Sarting, - Serratia, Xanthomonas,

Aeromonas, Flavobacterium, Rhizobium. Actinomycetes of

g




~atoms with or without a substitue

- 43 - Fixation may be performed by methods known in the art, for example, such as a crosslinking
method, a covalent bonding method, a physical adsorption method, and entrapment. Suitable
examples of a support used to fix the enzymes include: phenol formaldehyde anion exchange 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 salts or diethanol amine functional
groups, as represented by polystyrene resins such as A.mberlite IRA935, IRA945, IRA901 (Rohm and
Haas Company: registered trademarks), Lewa'[jtapé:}037 (Bayer: registered trademark), and Diaion
EX-05 (Mitsubishi Chemical Corporation: registered trademark). A support made of DEAE-cellulose or
the like may he 4sed as welh 0089} Lbnzyme Repetibacterilman embddimentiofithe present
invention, the enzyme reaction may be performed as follows. In the present invention, the
5-substituted hyglaptoimn gemgounstiisedas the, siistrdesof enzymd ebastion e B&any of a D-form,
an L-form, a racemate, and a mixture of D-form and L-form of arbitrary proportions. As the substrate

of enzyme reabtipr;giblggbsthiaed M6 coRsGHITHEY be 68845 and prefefabR a 5-substituted
hydantoin - 44 - compound represented py General, Eormula (1) is used. [00901 Here, R
AT B PR B € Sar

represents an or without a substituent, an aralkyl group
having 7 to 20 carbon ato éé\;}tlﬂ or without a substituent, or an aryl group haying 6 to 20 carbon
rLt..The alkyl group of R having 1 to 20 carbon atoms with or without a

substituent may be, put Wt@péggulg%mmgo,@mmwg{m ariggprapykgroup, an isobutyl
group, a 1-methylpropyl group, a carbamoyl methyl group, a 2-carbamoyl ethyl group, a hydroxymethyl

group, a 1-hydrgxyethytgroum,a Bectptemdiisylgroupoa 2smediyithifdtigPGidup, &°
~ (1-mercapto-1-methyl)ethyl group, a carboxymethyl group, a 2-carboxyethyl group, a 4-arninobutyl
. group, a 3-guariginepiesyl group, a 4(5)-imidazole methyl group, an ethyl group, an n-propyl group,
an n-butyl group, a methoxymethyl group, a 2-hydroxyethyl group, a 3-aminopropy! group, a
2-cyanoeth.yl1 group, 3-cy. 98&8 Y1 group, 4-(benzoylamino)butyl group, or a 2-methoxycarbonyl

-ethyl group, for example, The ?%aflg%%r@p haying/{R:2Q,¢AtPon atgrms withepr withiout a substituent
|

may be, but is not par %ﬂ?arl)}) mited to, a benzyl group, an indolylmethyl group, a 4-hydroxybenzyl
group, or a 3,%%@){{@@@@1’9;§ybe@gyl graup; iar gxample. B A5 -9he)arys grolipthaving 6 to 20 carbon

atoms with or ,
KNK245 (FERM BP-4863), Pseudomonas putida IFO12996,
Pseudomonas sp. KNEKO003A (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,
Arfhrobacter; Pseudomonas, and Nocardia may be used.

[6074]

Cells that exhibit strong activity' to efficiently
produce hydantoinase at high yield can be.'. effectively
obtained by produ.cing transformed microorganisms as
.knawn in the art. A method of producing such

microerganisms is taught in International Publication

.W096/202’75, for example. As taught in this publication,




without a substituent may be, but is not particularly limited to, a phenyl group or a 4-hydroxyphenyl
group, for example. [0091] Using the substrate, the reaction is performed in an agueous 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 allowed to stand or stirred at a reaction temperature of no less than 10C and
no greater than 80C, and preferably no less tharP20C and no greater than 60C, and at a pH of no less

than 4 and na reatet 1han 9, and prefetally 00 lessiiban &3 ne.greaterthaniiihe substrate may
be added continuously. The reattion may be performed either in batch or continuously. The reaction of

the present inyention mayialse deperfosmer Lisinga fixed epzymeiantis arérbranereactor, etc.
[0092] The aqueous medium is suitably selected and may be -46 - water or a buffer, or a mixture of

water or buffes with: aowater-solublecsolrent suchhis emarivia Afeifatvés the SabiBBus medium may

be a solvent of bilayer system, including an aq%ueous solverlgrl‘nd,}_\%‘rlI o:%ga&i)cmsgliveghqor example, such |
' as ethyl acetats; aslitylacttaestonenes BhidBisrE i h-figkdhe, WiticH 4688 ot easily mix with water.

As required, the aqueous medium may he supplemented with an antioxidant, a detergent, a
coenzyme, or%@agm%eﬁg%gﬁm 1%?’&1@ oi&e . .

[0075]

Examples of such transformants that produce D-form
selective hydantoinase at high yield include: Escherichia
coli HB101 pTHI104 (FERM BP-4864) containing a
hydantoinase gene originating in Bacillus sp. KNK245

| (FERM BP-4863); Escherichia coli HB101 pAH1043 (FERM
BP-4865) containing a hydantoinase gene originating in
Agrobacterium  sp. KNK712 (FERM BP-1900); and
Escherichia coli HB101l pPHD301 (FERM BP-4866)
containing a  hydantoinase  gene originating in
| Pseudomonas sp. KNKOO3A (FERM BP-3181j, as disclosed
in International Publication WO96/20275.

[0076]

The production of hydantoinase by the transformants,
or the production of hydantoinase by the bacterial strains
having hydaﬂtoinase activity may be performed using
common nutrient medium as taught in, for example,
International Publication WO096/20275. As required, an
enzyme inducing process may be performed.

[0077]




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-carbarnylamino acid is further converted to an optically active
amino acid by using N-carbamylamino acid amidohydrolase. The optically active amino acid may
alternatively be obtained by a chemical decarbamylation reaction, without using N-carbamylamino acid
amidohydrolase. [0094] The optically active %I-cgrbamylamino acids and optically active amino
acids so obtained can be isolated - 47 - and purmged by ordinary separation methods, for example,
such as extragtiog. conesntiation, Grystadizatian auéghdmaielygmatography, or by a combination of
these methods. T0O095] The optically active N-carbamylamino acid obtained by a producing method
according to an embodimentaf theprasent irveriior EoleBrbEeIRed by, BFekaple “General Formula
(2). Specific examples are N-carbamyl-D-leucine, N-carbamyl-D-{soleucine,

é&ﬁ%ﬁ-

N-carbamyl-Dhﬁirleu@fﬁé}iN-céﬂﬁ‘arnﬂc@-ﬁ?ﬁbthiéﬂine,th‘?car Y\aline, {f.- cé’i%m
O BT 2 Y B el NS0Ty PP epidiamipe dNCai@mbD-phenylalanine, -

N-carbamyl-DYpR&iVIGHRHE,
acid derivative. As with hydanteoinase, the
N-carbamylamino 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 gource of D-form
selective N-carbamylamino acid amidohydrolase.
Achromobacter, Aerobacter, Aeromonas, Agrobacterium,
Alecaligenes, Arthrobacter, Bacillus, Blastobacter,
Bradyrhizobium, Brevibacterium, Comamondas,
Flavobacterium, Moraxella, Paracoccus, Pseudomonas,
.Rhizobium, Serratia, and Sporosarcina, as taught in
Japanese Examined Patent Publication {Tokukosho) No.
57-18793, Japancse Examineé Patent Publication
(Tokukosho} No. 63-20520, Japanese E}{amined Patent
pPublication (Tokukohei) No. 1-48758, and Japanese

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



N-carbamyl-D-4-hydroxyphenyiglycine. 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-leucine, D-isoleucine, D-valine, D-norleucine, D-norvaline,
D-methionine, D-cysteine, D-penicillamine, D-phenylalanine, D-phenylglycine, and
D-4-hydroxyphenylglycine, EXAMPLES [00961 - 48 - The following describes specific examples of
the present invention. The present invention is not limited by the examples below. [0097] (Example 1)
Purification of Hydantoin Racemase  Bacilluggp. KNK519HR (PERM BP-10477) was inoculated in
medium (500 ml Sakaguchi flask) with the composition shown in Table 1. The cells were cultured
aerobically at 30C for 17 haupy wjth shaking. [0098] [Table 1] Glycerin 1.0% Glucose 0.5%

Among these examples, microorganisms of Genus
Agrobacterium, Blastobacter, Comamonas, Pseudomonas,
and Rhizobium are f}referablﬁ as a souréc of the enzyme.

[0080]

Agrobacterium  SPp. 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.

10081}

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

[0082]

The microorganisms as cxemplified above may be
wildtype strains or mutant strains that 1‘1ave been mutated
to improve N-carbamylamino acid amidohydrolase activity.
Further, the microorganisms may be transformants that
V'have been obtained to produce N—carbamylamino acid
amidohydrolase at high yield.

[0083]
Transformed microorganisms that efficiently produce

N-carbamylamino acid amidohydrolase at high yield are




2P04 0.454% Na2HPO4 0.620% (N114)2804 0.65% 148001120 0.05% MnC12
. : -41-120 0.002%
eS04-71420 0.002% CaCk 2 20 0.002% CitrateNa21120 i

- 40 -
obtained by a method taught in International Publication
WO92/10579, for example. As taught in this publication,
N-carbamylamino acid amidohydrolase gene is first cloned
from bacterial strains having N-carbamylamine acid
amidohydrolase activity, and the gene is 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
SG}éCtiVC N-carbamylamino acid amidohydrolase at high
yield include: Escherichia coli JM109 (pAD108) (FERM
BP-3184) containing an N-carbamylamino acid
amidohydrolase gene originabting in Agrobacterium sp.
KNK712 {(FERM BP-1900) described in International
Publication WO0092/10579, Escherichia  coli | JM109

{pPD304) (FERM BP-3183) containing an N-carbamylamino
acid amidohydrolase gene originating in Pseudomonas sp.
" KNKO0OO3A (FERM BP-3181), and_.Escherfch,ia coli HB101
' {pNT4553) (FERM BP-4368) containing an
N-carbamylamino acid amidohydrolase géne originating in
' Agrobacterium sp. KNK712 (FERM BP-1900} that have been
genctically modified to improve heat resistance as
described in International Publication WO094/03613.
[0085] |

The production of N-carbamylamino acid




0.032% Yeast extract 0.1% DL-5-(2-Methylthioethyi [ i
_ yi.) hydan oin 0.05% 0.05% DL-5-Methyl hydantoin -
DL-5-Benzyl hydantoin 0.05% [0099] The medium was adjusted to pH 7 and sterilizeilj Wsi/th an

autoclav_e 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 J49 - flask was 300 mi.

41 -

amidohydrolase may  be performed by culturing
micTOOrganisms having N-carbamylamino acid
amidohydrolase activity, and transformants thereof using
common culture methods. Culturing is generally
performed using liquid nutrient medium, but seiid surface
culture may be used as well. Medium is supplemented
with a normaliy utilized carbon source, nitrogen source,
and inorganic salt nutrients essential for microbial
growth.

It is preferabie that accumulation of
N-carbamylamino acid amidohydrolase be enhanced by
.adding a small amount of (i} amino acids such as
4-hydroxyphenylglycine and phenyigiyciné; {ii)
N-carbamyl-a-amino acids such as N-carbamyl-methionine
and N-carbamyl-phenylalanine; {iii} 5-substituted
hydantoins such as 5~{4-hydroxypheny1)hydantoin and
5-phenylhydantoin; (iv} pyrimidine metabolites éuch as
uracil, dihydrouracil, and B-ureidopropionic acid; (v) urea;
(vi) metal ions such as Fe?", Fe3;‘, Be2+, Co?*, AId*, Li%,
Mn2+, Mg?*, and Cs*; or {vii} enzyme inducing agents such
as isopropyl-1-thio-B-D-galactoside (IPTG) and ltactose.
The | concentration of such substance enhancing
production of N-carbamylamino acid amidohydrolase in

" medium is selected from a range of no less than 0.1 mM

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




[0100] After culturing, the cells were collected by centrifugation and suspended in a 50 mM
potassium phosphate buffer (pH 7.0) containing 1 mM dithiothreitol (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 solution 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 DE@Eérgyopearl 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 | NaC} gradign astesult, active fiactionsaweretohtained vidig fraction®were
supplemented with ammonium sulfate to 1.5 M, and column chromatography was performed using a
TSKgel Phenyh Tayepeatt $60M:EEosoh Corporation), in which elution was performed 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 acti@&étions were dialyzed with a 50 mM potassium phosphate buffer - 50 -
. (pH 7:0) containing 1 mM DTT, and supplemented with am oI%iugl gl%%t tgagn%g/l.a'pis was followed
" by column chromatodriphy Uidifg 1SmiBFRESBURCE 1$0 (AmErshamPRarmacia), in which elution
was performed,with 2 50 mM Rotassium, phosahate,buffer (i 7,0) caaininge LMMLRATT, under 1.5 to

0 M ammoniurdi Suffate é?a%lent. e resulting active fractions were dialyzed with a 50 mM potassium
phosphate buf&ré&l—{,g@&cq{gaimgg 1aM:DFFeandupurified hydesatein rdcemasé Was obtained.
[0101] An analysis of the purified hydantoin racemase by SDS-polyacrylamide electrophoresis
showed a subsiantiallypgihglerandof gydantdityracerhase. tHrerpdrifedchytarisitiaéemase was
shown to have a purity of about 93% by HPLC analysis (column: YMC-Pack PROTEIN-RP (YMC Co.,
Ltd.), eluent: 209 acetdnitrie dqueistis saltionte stmsaddtdiiiR &ftitoddséiltiBhGradient, flow
rate: 1 ml/ n., column temperature: 25C, detection: 230 nm). [0102. am sic2. Po serfies of H dantoin
Race ase Tﬂ?@ﬁ’erges %Objﬁ%egﬁ/‘ggﬁto%l%cgbrﬁas}g [6 thiatl%lte%%n Enga%hpﬁ)e 1 were examined as
follows. [01_03]3}1 %151 I}Ié{&r(r)nﬁpus Amino Acid Sequence]

| [0087]

10. Enzvme

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 prodqcts of such
microorganisms, in addition to be used as enzymes per se.
As used herein, the “processed products of
microorganisms” means crude cxtracts, 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.




| Using the hyclantoin racemase collected in the HPLC analysis of Example |, analysis of N-terminus

| amino acid sequence was performed with a protein sequencer Procise 492 (Applied Biosystems Ltd.).

. As a result, the sequence of 40 amino acids at the N-terminus was determined. The sequence is
represented by SEQ ID NO: 3 of the Sequence Listing. [01041 [Relative Activity] The activity of the
purified hydantoin racemase was determined by HPLC, by quantifying the amount of increase of
D-5-(2-methylthioethyl)hydantOin generated at 30C in 30 minutes in a 50 miVI Tris-HC1 buffer (pH
7.5) containing 50 mM L-5- (2-methylthioethyl)hyd antoin. HPLC analysis was performed under the
following conditions, Column: Chirobiotic T (4.6 A 250 mm, ASTEC Inc.), eluent: 0.01% (v/v) Ir

ethylamin acetate (pH _6.8)/methangl =9/1, flow rate:,0. i ins celn feroperature: 35C, detection:
210 nm. Here, ixﬁr%?toﬁaggd%ﬁntgg a%et e ar'nountEgs]E enzyme that generated 1 [imo’

D-5-(2-methylihioethyl)aydantoin, inronesminuie-JQuaintification:of irowdin waserferried according to
the Lowry method, using BSA as a standard. The result showed that the purified hydantoin rac mase
had a - 52 - relative agtivity off24® urnit/ngipreteinl (0285 [NRéAS tirerfeftaP Km VARIE] A Km value for
L-5-(2-methylthioethyl)hydantOin was determined from the Linevveav r-Burké)I(%td A}sbghown in Figure
2 theKmvaluefarttapyeanéthyitidamia ) syeampinswad oPscd Rt “=°

the enzymes include: phenol formaldehyde anion exchange
resin such as Duolite A-5368 or DS-17186 (Rohm and Haas
Company: registered trademarks); and various kinds of
anion exchange resins with various amines or ammonium
salts or diethénoi amine functional groups, as represented
by polystyrene resins such as Amberlite IRA935, IRAD4S,
TRA901 (Rohm and Haas Company: registered trademarks},
Lewatit OC1037 {Bay'er: registered trademark), and Diaion
EX—OS (Mitsubishi Chemical Corporation: registered
trademark). A support made of DEAE-cellulose or the like
may be used as well.
[0089]

11. Enzvme Reaction

In an embodiment of the present invention, the
enzyme treaction may be performed as follows. In the:
present invention, the 5-gubstituted 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 D.—form
“and L-form of arbitrary proportions. As the subsfrate of
enzyme reaction, a 3S-substituted hydantoin compound

may be used, and preferably a 5.gubstituted hydantoin




[01061 [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 40C at 100%. The optimum temperature of the enzyme
was 40C, and the enzyme desirably exerted its action at all temperatures in the evaluated temperature
range of 25C to 65C. [0 | 07] [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 ra ge of 6 to 10. The optimum pH range was 8 to 9.
[0108] [Temperature Stability] - 53 - Temperature stability of enzyme was examined as the
remaining actiyity afgs30 f@iﬁyg@eﬁt@wwmﬁﬁﬁ&emwﬁmﬁﬁi@shown in Figure 5, the
remaining activity'was 80% at 30C. At 70C, almost all y was lost. 10109] [pH Stability] pH stability
was examined. Figure 6 r¢pi@Sénts remaining activity of enzyme after processing the enzyme at 30C

for 16 hours at different pH, taking the activity of unfreated enzyme at.100%. The enzyme was
relatively stable in dpt tange GEREEREGHS 21 aﬁ(ﬁ& group B A0

carbon atoms with or without a substituent, an aralkyl
group having 7 to 90 carbon atoms with or without a
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 gubstituent may
" be, but is not particularly limited o, a methyl group, an
tsopropyl group, an isobuty! group, a 1-methylpropyl
group, a carbamoyl methyl group, & %carbamoyl ethyl
group, a hydroxymethyl group, a 1-hydroxyethyl group, &
mercaptomethyl group, a 2-methylthioethyl group, a
{1*mercapto-—l-methyl}ethyl group, a carboxymethyl group,
é 2—carb§xyethy1 group, a 4-aminobutyl group, a
3-guanidinopropyl group, a 4{5)-imidazole methyi group,
an ethyl group, an n-propyl group, an n-butyl group, a
- methoxymethyl greoup, & o-hydroxyethyl group, &
3¥aminopropy1 group, a 2-cyanoethyl group, Sncy.aﬂopropyl
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.




[0110] [Measurement of Molecular Weight] Measurement of molecular weight was performed
based on comparison with the elution time of the standard protein, using gel filtration chromatography
(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] - 54 - Substrate specificity of
purified hydantoin racem.ase was examined. Figgt, 0.1 ml of purified hydantoin racemase obtained in
Example 1 was added to each 0.9 ml of 50 mM Tris-HC1 buffers (pH 7.5) containing 50 mM
L-5-(2-methy4ﬁﬂgetgylj}l]1y%9[mgip,.m@-ﬂzwetﬁ@ltM@emt)hmm,l‘ﬁﬁM D'5-
(1-mercapto-I-methyl) ethylhydantoin,8mM L-5-isobuttylnydantoin,50mM . !
L-5-(1-methyiptohylydanteinpantiu aiél Lisasen(iny@aHioite rdtpbchishy THE hidtures were
allowed to react at 30C, and the reaction was terminated Qy adding O H xcept for the
reaction usindithétsgbsrata rplscei%&"e%}iﬁa-?-I‘rr?et%&ﬁ%ﬁﬁ?ﬁé’%&%%géﬁ&%Ivaas analyzed by
diluting the supernatant of a centrifuged reaction mixture two times with ion exchange water, and by
quantifying the'3*88ubstituted hydan.toin compound generated in the reaction mixture, using HPLC,

HPLC analysis was perfoquqder 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 beenghigingd by extraciing, thi reactiort imixtire With 2 Tk 6flethy| Aletate. Analysis
was performed by performing HPLC under the following conditions. %Oll%ll(ill%;ﬂg%—lrgRALPAK AD-H
(Daicel), elueatyhexane/iseprdpansl =9/1 i rafFes85¢E of the hyda
| racemase, together with the sterecselective 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 éuspension is tentatively
allowed 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 and no greater than 60°C, and at a pH

of no less than 4 and no greater than ¢, and preferably no
iess 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 .;:ﬂso be performed using a fixed enzyme and
a membrane reaoto-r, cter

[00972]

The agueous medium is suitably selected and may be




olumn temperature: 25C, detection: 210 rtm. Table 2 shows the r i ivities, taking the
m , : . esult as relative activities, taking the
activity for L-5-(2-methylth|oethyl)hydantOin at 100. [0 | 12] [Table 21 Substrate Relative Activityg
L-5-(2-methy1thioethyl)hydantom 100 D-5-(2-rneth Ithioethh dantoin 49
D-5-(1-mercapto-1-methyl)ethyl _hyd oin

_46 -

water or a buffer, or a mixture of water or buffer With a
water-soluble solvent such as ethanol. Alternatively, the
aqueous mediﬁm may be a solvent of bilayver system,
including an aqueous solvent and aﬁ organic .solvent, for
‘example, such as ethyl acetate, butyl acetate, toluene,
chloroform, or n-hexane, which does not easily mix with
water. As rvequired, the aqueous medium may be
supplemented with an - antiexidant, a detergent, a
coenzyme, or metal, for example.

{0093}

In sum, in the recemization of 5-substituted
hydantoin compound with the 'hydant’oiln racemasc of the
present invention, only one of the optically active forms of
the S-substituted hydanteoin compound Is hydrolyzed by
the stereoselective hydantoinase and converted to
optically active N-carbamylamino acid. As required, the
optically active N-carbamylamino acid is fﬁrther converted
to an optically active amino acid by using
N-carbamylamino acid amidohydrolase. The optically
active amino acid may alternatively be obtained by a
‘chemical decarbamylation reaction, without using
N-carbamylamino acid amidohydrolase.

[0094]
The optically active N-carbamylamino acids and

optically active amino acids so obtained can be isolated




25 L-5-isobutylhydantoin 173 L-5-(1-thylpropyl)hydant 2 L-5-benzylhydafltOifl 52 [0113] (Example 3)
Substrate Specificity of Hydantoin Racernase Produced by Bacillus sp. KNK519HR
Substratespecificityofhydantoinracemase produced by Bacillus sp. KNK5191-IR was examined using a

- 47 .
and purified by ordinary separation methods, for example,
such as extraction, concentration, crystallization, or

column chromatography, or by a combination of these

methods.

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

Formula (2). Specific examples are 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-penicitlamine, N-carbamyb]ﬁ)—phenylaianine,
N-carbamyl-D-phenylglycine, and
_ N»carba‘mylwDw4-hydrcxyphenylgiycine. The optically
active amino acid obtained by a producing method
according to an embodiment of the present invention is
‘represented, f@r.example, by General Formula (3). Specific
examples include: D—Iemciﬂe, D-isoleucine, D-valine,
D—noﬂeucine, D-norvaline, D-methionine, D-cysteine,
D-penicillamine, D-phenylalanine, D-phenylglycine, and

D-4-hydroxyphenylglycine,

EXAMPLES

[0096]




crude enzyme solution of Bacillus sp. KNK519HR that was produced according to the procedure

described in Example  First; 0.1 ml of crude enzyme solution was added to each 0.9 ml of 50 mM

Tris-HC1 buffers (pH 7.5) containing 4 mM L-5-benzylhydantoin, 50 rnM
L-5(2-methylthioethyl)hydantoin, and 8 mM L-5-isobutylhydantoin, respectively. The mixtures were

allowed to react at 30C, and the reaction was terminated by adding 0.1 ml of 1IN HC1. The supernatant

of a - 56 - centrifuged reaction mixture was diluted two times with ion exchange water, and the

D-5-substituted hydantoin compound generated in the reaction mixture was quantified by HPLC. HPLC
analysis was performed under the following condi

ASTEC Inc., eluent: 91%%5@/{
column temperature: 35C, de

tection:"210 nm. Further,

ns. Column: Chirobiotic T (4.6 mm x 250 mm,

i’é%ﬂ?&;y'&@@e%@at% pHi6:8)/neethanel =9/ bifloweate: 0,7 mi/min.,

.1 ml of crude enzyme solution of Bacillus sp.

KNK519HR was addad 1.9 91w 5aremM JrissdEd butfenfabiy.5) contalningtSeimat 5-m
ethylhydantoin , together with recombinant Escherichia coli having D-form selective hydantoinase
activity for 1 miloé atttare sbistiorl@escribed later), and recombinant Escherichia coli having D-form:
selective N-carbamylarnino acid amidohydrolase activity for 1 ml of culture solution. The mixture was
allowed to react at 30C, andii& ¥daction was terminated by adding 0.1 ml of 1N HCI. After

neutralization with 1N l}aOH, he reaction mixtuge was centrifuged and the D-alanine generated in the
supernatant wESEHHEHA D= cid oxydase and peroxydase.

[0114]

Quantifica%gfzpéalagg)_e by tog §nzMTe Metho

gt wias parforoed ap foltaws. The

supernatant of reaction - 57 - mixture was diluted 5 times with ion exchange water, and was mixed at
a 1:1 ratio with A s@lorreagery contdining (500 mM S=imigoartipyflaskp mith the
N-ethyl-N-(2-hydroxy-3-sulfopropyl)-m-toluidine, 0,8 U/ml peroxydase (CALZYME Lavoratories, Inc.,

Product Numbes &08ASB00Y); 1shufmi offt-draihieacid okydase (8 G WA Prodat Nisfo
40 mM potassium phosphate buffe(r;
absorbance atE5ER Rt HHY éa30réd {8 uahdty tHes D2

~result is shown in Table 3 a

[0115]

H 7.9). The mixture

as allgived to react for 90 minutes, and an

inkg

[Table 1]
Glycerin 1.0%
Glucose G.5%
KHaPQ4 0.454%
NasHPOs 0.620%
(NH4)2S04 0.65%
MgSO4 THa0 0.05%
MnCly4H:0 0.002%
FaSGsTH0 0.002%
| CaCly 2H:0 0.002%
Citrate Na2H20 0.032%
Yeast extract 3.1%
DI-5-(2-Methylthioethyll hydantoin 0.05%
DL-5-Methyl hiydantoin 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

er A5222), and

Bfzited in the reaction mixture. The
Forggéj}/e activities, taking the activity for L-5-isobutylhydantoin at 100.

!



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 coil
having D-form selective N-carbamylamino acid amidohydrolase activity were obtained as follows.
Escherichia coil HB101 (pTH104) (FERM BP-4864) as the recombinant Escherichia coil having D-form
selective hydantoinase activity was inoculated in a 50-ml medium (16 g tryptone, 10 g yeast extract, 5
g sodium chloride, 1 | water, 400 ppm manganese chloride, pH 7 prior to sterilization, 100 ppm
ampicillin sodium separately sterilized by filtration) that -58 - had been sterilized in a 500-ml
Sakaguchi flask. The cells were cultured at 37C fdt24 hours with shaking. Escherichia coil HB101
(PNT4553) (FEBM EP-436?(Z‘§ the? recombinant Escherichia coil having D-form selective

ony

N-carbamylamlng acid ami rolase activity was inoculated in a 350-ml medium (16 g tryptone, 10

g yeast extract, 5 g sodium ghlegidg, 1 1 water, pH 7 prior to sterilization, 100 ppna ampicillin sodium
separately sterilized by filtration) that had been sterilized in a 500-ml Sakaguchi flask. The cells were
cultured at 37C for 36Afuers withushakimg:,[0116} Tableld} Substrate RutdlivetActivitpy
L-5-i'sobutylhydantc_)in_loo L;5-(2-methy1thioethyl{ih;&dagOlg 65-%ené¥t\1£hyd%r]tt§isnsggm
L-5-methylhydartoifrifugation and suspende )
phosphate buffer {pH 7.0} containing 1 mM dithiothreitol
(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 solution 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 NaCl gradient...ﬁxs
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
‘Phenyl Toyopear! 650M (Tosoh Corporation), in which
elution 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 potassigm phosphate buffer




20 [0117] Escherichia coil HB101 (pTH104) (FERM BP-4864) was deposited on November 2,
1994, and Escherichia coil 148101 (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 - 59 - Central 6, 1-1-1 Higashi, Tsukuba, Ibaraki,
Japan, 305-8566. [0118] (Example 4] Substrate Inhibition of Hydantoin Racemase Produced by
Bacillus sp. KNK519HR Substrate inhibition of the hydantoin racema e produced by Bacillus sp.

KNK519HR was examined using the crude enzyge solution prepared in Example 1, In a reaction

mixture of 0.1-ml crude enzyme solution and each 0.9-ml of 50 mM Tris-HC1 buffers (pH 7.5)

respectively c&gi:@irrmg_ ,é&;@@,@}d@qmMM—S{QZ}@eto;ﬁhieathpl}hymﬂanttﬂd, regpéctively, the
reaction was performed at 30C for 10, 20, 30, and 40 minutes. After the reaction, hydantoin racemase
activity was abelishet bymdding 8tt nbofl 1N MCITTHe supsriatdnrotthe Eefftifiged reaction mixture

was diluted two times with ion exchange water, and the D-5-(2-methylthioethy|)hy oin generated in
the reaction mikipsnvid® guantiied by HPEC. HPLCHhalyS w%%g%%ndﬁr% same

conditions used in Example 3. An initial reaction rate was determined at eagh.injtial sybstrate
concentration.{%F&L‘fr%s;ﬂ?‘éﬁlfiéﬁ@g%ﬁfioﬁ?hiﬁy t?éltg\\)%er?qlrléi}glt(lg\?é actl%%’ty nd initial substrate

concent_ration“);lgg re gl%o%thg&@g&%@;oi@w@g@prww by Brcillus®p. KNK519HR
had - 60 - substrateinhibitionwhen L-5-(2-methylthioethyl)hy-dantoinin was used as the substrate
between 50 MM 2p4i8Q:Mt mM DTT, under 1.5 to 0 M ammonium sulfate
gradient. The resulting active fractions were dialyzed with
a 50 mM potassium pheosphate buffer (pH 7.0) containing
.'1 mM DTT, and purified hydantoin racemase was
obtained. |
{01011
An analysis of the purified hydantoin racemase by
SDS-polyacrylamide eiectrophoresié 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°C,
detection: 230 nm).
[0102]

{Example 2) Properties of Hvdantoin Racemase

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

[0103]




[0119] (Example 5) Isolation of Hydantoin Racemase Gene 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 NaC1, adjusted to 1 liter by adding water and to pH 7, sterilized with an
autoclave 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
UltraClean Microbial DNA Isolation Kit (MO BIO Laboratories, Inc.). 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 Wﬁ&%ﬁfﬁﬂ@b@&%iﬂ@%% petformettwith a DNA primer (Primer-1: SEQ ID NO: 4 of
the Sequence Listing) that had been designed based on the N-terminus amino acid sequence
obtained in Examplel2s ang alDNA plisetqrimer2nsee EPNos 56 #e BeguBidetisting) that had
been designed based on a -61 - complementary sequence portion of known h%d%rg?'n racemase. As

a result, part ottt iy ddnforfiaddmabe B RferPadYo S “BATHAP gBRe™) Was obtained. [01211

In order to obtain a full-length target gene, the fallowing pr uge was. perforgied. Based on the base
sequences of ﬁ?@b’grﬂﬁleggf%sre‘%ﬁlé%%i{/ S{;’ %oﬁ&%o%d?n%t%g&ge N-ég?% C-terminus sequences of the

enzyme, DNA&?‘E;E%%QB% %E\H@éﬁ%i@%h&@@ﬁiq&9%%&@@&@@@5&;@3&@@ 6o6f the Sequence

. Listing, Primer-4: NO: 7 of the Sequence Listing) were synthesized. Inverse PCR was
performed usingythese RHMEES JAS the igmpiNte.cae)yiclic DNAthatisdd been obtaidée by digesting the
chromosomal DNA with restriction enzymes Kpnl and Spel and ligating fragments of the chromosomal
DNA with T4 BNAligase wasneged: Asdedsiy, BRAEINMER weté obainédinaP&ontained partial
genes facing outward of the previously obtained partial gene. After determining base sequences of the
DNA fragments! Fi@Rwas performed to obtain a DNA fragment (SEQ ID NO: 10 of the Sequence
Listing) that contained a Mrtffp %}lhydantoin racemase gene. This was performed by amplifying DNA
between sequences of a D rggﬁ er (Primer-5: SEQ ID NO: 8 of the Sequence Listing) that had been
ligated to the ﬁgggﬁlgﬁi&g g[é@ﬁgig}j’)n enzyme Ndel in a portion that was assumed - 62 - to lie
‘upstream of the enzyme N-terminus, and a DNA primer (Primer-6: SEQ ID NO: 9 of the Sequence

~ Listing) that had beenfigatedtia e auttifigesijenfifestridipd enzpme EsoRiRaporith that was
assumed to lie downstream of the C-terminus, using the chromosomal DNA as the template. A base

sequence analjsisreuéaled thaythd BEGHing DN ACEGERt RS atiif-leAGRPHIANSIN racemase

gene (SEQ ID NO: 2 of the Sequence Listing). 0,122]h
- increase of D-5-{2-meth¥ylthioet

ylyhydantoin gencrated at
30°C in 30 minutes in.a 50 mM Tris-HCl buffer (pH 7.5)
containing 50 mM L-5-(2-methylthioethyljhydantoin.
HPLC analysis was performed wunder the following
conditions. Column: Chirobiotic. T (4.6 mm x 250 mm,
ASTEC Inc.}, eli_lent: 0.01% (v/v) triethylamine acetate (pH
6.8)/methanocl = 9/1,7flow rate: 0.7 ml/min., column
temperature: 35°C, detection: QJ.O nm. Here, 1 unit was
defined as the amount of enzyme that generated 1 pmol
D-5-(2-methylthicethyljhydantoin 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




(Example 6) Construction of Recombinant Plasmid Expressing Hvdantoin Racernase Gene A DNA
fragment 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 ID NO: 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 Examplg 5. (0123] The DNA fragment was excised with
restriction enzymes Ndel and EcoRI and ligated with T4 DNA liga se to - 63 - a vector plasmid pUCNT

(see InternatignakPuklicatian\W094/036 13 that had: heentexeised with the same restriction enzymes.
As a result, pffliRO01 was obtained that is designed to produce the hydantoin racemase gene in a

large quantity, as shown in{the&&gtriction map of Figure 1, [0124] (Example 7) Construction of
Transformant using Recombinant DNA Including Hydantoin Racemase Gene The plasmid
pI3HRO01 obtiMed s EEHBIE 8IWATCERBISed with competent cells of Escherichia coil HB101 to

perform transformation, The transforme lls-were pl | one, 5 g yeast
HigRa&: Bg gﬁf x -?Z—met@l%ﬁ%(?ggj%@%é £19.0 Hypd

extract, 10 g sodium’t gar,”100'‘mg ampi to 1 liter with deionized water, pH

7.0 prior to stesilizafion, ampigilin being added.alisy stentization) fabtain eoleries afiransformed
Escherichia coliHB101 (pBHRO001) including recombinant DNA with hydantoin racemase gene. [0125]

The colonies afiigapgforrant sp, obtainedatere inoculdted in a 6-mlwagdium (the fdregoing medium
without agar) that had been sterilized in a test tube. The cells were aerobically cultured at 37C for 23
hours with shakifig{The celyWéreeshadidtyidom thercimere Softitn84 - by centrifugation, and
suspended in a 50 rnM Tris-HCI buffer (pH 7.5). After sonicating the cells, insoluble components
-originating in the cells werd ferfi&led to obtain a hydantoin racemase enzyme solution of the

e AR TR FALER Dy e e
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 temperatures 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]




[0126) Exam.le 8 Substrate S.ecificit of H dantoin Racemase of TransforrhéﬁfWW'U'S‘i'ﬁlgﬁ"fh‘é'_ﬁi}aén"tbli'n‘ o
racemase enzyme solution of transformant obtained in Example 7, substrate specificity was examined
acc_qrdmg to the method of Example 2. The result is shown in Table 4 as relative activities, taking the
activity for L-5-(2-methylthioethyl)hydantoin at 100. [0127] [Table Substrate Relative Activity
L-5-(2-methylthioethyl)hydantoin 100 D-5-(2-methylthioethh dantoin 52 D-5-(1-mercapto-
-methyl)ethylhydantoin 9 L-5-isobutylhydantoin 174

- 53 - ‘

Temperature stability of enzyme was examined as the
remaining activity after 30 lminutes of processing at
different temperatures. As shown in Figure 5, the.
remaining activity was 80% at 30°C. At 70°C, almost all
activity was lost.

| {0109}
{pH Stability]

pH stability was e}_{amined. 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 1_00%. The enzyme was relatively
sﬁable 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 chromatography (column:
T8Kgel G3000SW (Tosoh Corporation). The mole.cu}ar
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 S$DS-polyacrylamide electrophoresis. The molecular
weight ol subunit was found to be about 31,000.

[o111]

[Substrate Specificily]




- L-5-(1-methylpropyl)hydantoin 2 -ben Ihydantoin 35 - 65 - [0128] (Example 9) Synthesis of Optically
Active Amino Acid Using Bacteria with Hydantoin Racemase Activity In order to synthesize
corresponding D-amino acids of DL-5- (2 - methylthi octhyl)hydantoin and DL5-methylhydantoin, these
substrate were allowed to react with Escherichia coif HB101 (pTH104) (PERM BP-4864) and
Escherichia coil HB101 (pNT4553) (PERM BP-4368), which are recombinant Escherichia coil having
D-form selective hydantoinase activity, and recombinant Escherichia coil having D-form selective
N-carbamylamino acid amidohydrolase activity,_rbe pectively, described in Example 3, together with the
culture solution of Bacillus sp. KNK519HR having hydantoin racemase activity cultured in Example 1.
[01291 1.SynthesisofRrmethiaringfrem it by (2MmethyithioéthyihydaniBinr aceFrg©.5 mlof 50 MM |
Tris-HC1 buffer (pH 7.5) containing 2% (w/ v) DL-5-(2-methylthioethyl)hydantQin was used to prepare |
a suspension of(§) cellszobtained frdfirs ml oPtte citbireafolud 81 BacilE SRS 19HR obtained

in Example 1, (i) cells obtained from 1 m| of culture solution oé&ecgrrgbin%né}?%iberliﬁ@ia coil having
. D-form seleptiwqméiﬁﬁ%@é%ﬁﬂtﬁ%b%%ame 1 was added to ¢ -

of 50 mM Tris-HCl buffers (pH 7.5} containing 50 mM

LHS«(2—methyithﬁ.oe?’:hyl)hydantoin, 350 mM
D-5-{2-methyithioethyl}hydantoin, 13 mM
 D-5-(l-mercapto-1-methyljethylhydantoin, g - 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 aﬁaiyzed by diluting the supernatant of a
c’éntrifuged 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-i-methyllethylhydantoin, the reaction
mixture was analyzed by guantifying a sample that had
Eeen 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/isqpropano} = 9/ 1, flow rate:



- 66 - Example 3, and (lli) cells obtained from 1 ml of culture solution of recoudDirtant Escherichia coil
having D-forno selective N-carbamylamino acid amidohydrolase activity obtained in Example 3.
Reaction was performed at 30C. After 19 hours, the reaction mixture was supplemented with 0.05 ml
of 1N HC1 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 generated at a molar ratio of 80%. Optical purity was 86.0%ee. In a sample
not supplemented with cultured Strain KNK519I-IR, D-methiortine was generated at a molar ratio of
39%, and 38 mol% of L-5-(2-methylthioethyl)hy“d‘“&ﬁtbin remained. [0130] 2. Synthesis of D-alanine

from DL-5-methylhydantoin . ,1Fikst -8 0F-5Q.4nM TriseldClduitas jh 7.9) containing 2% (wiv)
DL-5-methylhydantoin was used to prepare a suspension of (i) cells obtained from 1 ml of culture
solution of Bagiljssp; KNKRAOHR obtained imExample e (Bcceitstobtainedsfrom Ll of culture
solution of recombinant Escherichia coil having D-form selective hydantoinase activity obtained in

~ Example 3, and:tii)icellgooblaifietRfrone thml Gt st BSIHERTGRSESHbliAt Escherichia coil having
D-form selective N-carbamylamino - 67 - acid amidohydrolase activity obtained in Example 3.
Reaction was performed at@b&E2After 18 hours, the reaction mixture was supplemented with 0.05 ml
of 1IN HC1 to terminate h[%r ction, and then diluted 20 times with ion exchange water. Finally, the
reaction mixture wagqt‘:%h ' d and the supernatant was analyzed by HPLC. [0131] FIPLC

- "analysis was performed under the following conditions. Column: CROWNPAK CR+ (4,6 mm x 150

mm, Daicel), eluent-HE104-(pH-1.5);-flowrate: 04 mifmm;cotummn temperaturé: 4C, detection: 210
nm. The res)ult‘s MRREEZAR | o Dase ‘} the-amet i w&%@ﬁewwain of 3.6% for
DL-5-methylhy it ! with the cultured Strain
KNK5191-1R. [QL32]{2Exath; yrithgse il Active cid and Optically
Active Amino A id—ﬂ#&“]ge?&ﬂﬂ&fdrmﬂﬁi}eﬁhﬂﬂl@mmi’@ solutions.of trafsformants were centrifuged
to collect therefrpns ()@ transfasmanhhaving hydantoin racempse activiffSobtained in Example 7, (ii)

~ recombinant Es¢heyighiasailifEsshesiediaeed HB101 (pTH104)) havingD-form selective hydantoinase
~ activity obtainedijnExample. 3,and:(ii) recombinant Escherichia 52

[N laYallal
g =4 [SAASAREL N

A\

[0113]

(Example 3} Substrate Specificity of Hvdantoin Racemase

Produced by Bacillus sp, KNKS12HR

| . Substrate specificity of hydantoin  racemase
produced by Bacillus sp. KNK519HR was examined using a
crude enzyme solution of Bacillus sp. KNK519HR that was
produced according to the procedure described in Example
1. First, 0.1 ml of crude enzyme solution was added to
ecach 0.9 ml of 50 mM Tris-HC] buffers (pH 7.5) containing
4 mM L-5-benzylhydantoin, 50 mM
L-S—{2~m@thy1fhiaethy1}hydantoin, ahd 8 mM
.L-Swisobutyihydantoin, respectively. The mixtures were
allowed to react at 30°C, and the reaction was terminated

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




.. the conversion rate o

-68 - coli (Escherichia coli HB101 (pNT4553)) having D-form selective N-carbamylarnino acid
amidohydrolase activity obtained in Example 3. The cells were suspended in 50 mM Tris-HC1 buffer
(pH 7.5) and sonicated to obtain enzyme solutions of the respective samples. The enzyme solutions
were allowed to react with DL-5-isobutylhydantoin, DL-5-(2-methylthioethyl)hydantoin, '
DL-5-(1-mercapto-1-methyl)ethylhydantoin,or DL-5-benzylhydantoin to synthesize D- N-carbamyla
acid or D-amino acid corresponding to these substrates. [0133] 1. Synthesis of D-leucine from
DL-5-isobutylhydantoin First,2mlof0.83 2-[4- (2- roxyethyl)- 1 - piperazinyl] ethancsulfonicacid
(HEPES)-NaOH buffer (pH '7.0) containing 5% (w/v) DL-5-isobutylhydantoin was used to prepare a

suspension of.a distupted Ceflsslution ofi(ix2 mlofeulturéisalution tof erakistormalit Having hydantoin

" racemase activity, (ii) 2 ml of culture solution of recombinant bacteria with D-form selective

hydantoinase iactivity cneti(iiy 107miof cultork $o1GtidA ot reebmbiRakt Balt8i2Wih B-form selective

N-carbamylamino acid amidohydrolase activity. Reaction was performed gt 3gC. 3?5 a comparative
o}

example, the fsa@tioniES alﬁﬁfﬁéﬁféttrﬁ@d. without B8dinge2 Gt Bred ™60 H'¢ it

cell solution of

~ recombinant bacteria with hydanoin racemase acfiyify. hayrsrthe reaction gixture was diluted
~ 50 times with @%%%it&%gt%hﬁa%ﬂéé acetasté (%é%%?ﬁghtgﬁéng# = 9/1, and the supernatant of

centrifuged reﬁ%@"f‘g’]}ig@y{ﬁ as, aAnglyzedbyHRLG. As a rasulbi 100tee B-ucine was generated at
9

% (L-form n.d.). The conversion rate was 26% in the comparative example in

which the reactiop wasercsmed:witheut théudistuptedEelsdutioh Frecorbiartisacteria having

- hydantoin racemase activity. Quantification of amino acid by HPLC analysis was performed under the
following conditiaris: i€ olyrin CCRIGWIN PAKSOR (826 Inni 10150 AfR; Baitelf-HIFaHE-HC104 (pH 1.5),

flow rate: 1 ml/min., column temperature: 25C, detection: 210 n 1341 )
2.SynthesisofDo\UeaBakfReRTR: 3°°C FARAR "D RHE. Furtber,

0.1 ml of crude enzyme solution of Bacillus sp. KNKS 1OHR
was added to 0.9 ml of 50 mM Tris-HCI buffer (pH 7.5)
| containing 50 mM 5-methylhydantoin, _together‘ with
recombinant Escherichia ecoli having D-form selective
hydantoinase activity for 1 ml of culture solution
{described latef), and recombinant Escherichia coli having
D-form selective N—carbémylamino acid amidohydrolase
activity for 1 ml of culture solution. The mixture was
allowed to react at 30°C, and the reaction was terminate.d
by adding 0.1 ml of 1N HCL After neutralization with IN
NaQH, the reaction mixture was centrifuged and the
D-alanine generated in the supernatant was guantified by
‘an enzyme method 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




§

DL-5-isobutylhydantoin First, 2 ml of 0.2 M Tris-HCI 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 selective -70 -
hydantoinase activity. Reaction was performed at 30C. As a comparative example, the reaction was
also performed without adding a disrupted cell solution of recombinant bacteria having hydantoin
racemase activity. After 6 hours, the reaction mixtre was diluted 50 times with 0.01% (v/v)
triethylamine acetate (pH 6.8)/methanol = 9/1, and the supernatant of centrifuged reaction mixture was
analyzed by HRLGuAS avEesulliil0RY%ed Dibicarbantylieutinewas geferatdd &t e Lonversion rate of
74% (L-form n.d.). The conversion rate was 49% in the comparative example in.which the reaction
was performedanittoik tik disraptbdlcalrébutivi bf %%B%ﬁﬁ%ﬁ@?ifﬁ%ﬁw}%ntoin racemase
activity. Quantification by HPLC analysis was performed under the follpwing conditigns. Column: two
pieces of Chirbbtotic T (4.’61Mm x 250 %?ﬁ,%%%@@?ﬁ%?s%%’ed togeth%)?\,geluent: O%?\%A (V/v)
triethylamine gcet te(}(pé%f Eim)%n thanol = | 0. in. mp. tempgesature: 35C,
detection: 21.0 i f’ 1 93 %r/gn%—r?ae%?s %f%ljD%lie{u in{é%%r%lrg %@@gu%%%jdantoin PmFirst, 2 ml of 0.63
M HEPES-Na}S)E;l Buffer (H Q) contAIRINgB%6 (WY} e b;isnbutyldantoit Wastuded to prepare a
suspension of a disrupted cell solution of (i) cells obtained from 2 ml of culture solution of -71 -

transformant haxirgis@antoinh. taceipask adtivity panth(@) eslislolstainéa fom P flMbfeulture solution of j
. recombinant bacteria having ID-form selective hydantoinase activity, and (i

cell o?tained from 8 ml
of culture solutiordofsecmbideit Beetetid) hatdty DU R E N ?/Fé’rzﬁ%oeacid

amidohydrolase activity. Reaction was performed at 40C. After 2.5 hou reactigg mixture was
diluted 50 tim8&HitA 1 Engﬁasgi ﬁﬁb}éb’ﬁg?e %]L?fﬁera(gq?% / éc%et%)sﬁﬁgﬁa = 95/5, and the

supernatant of c:entr1j:i1;:uﬁge(211 ltle&cggn Qﬂ)étg{;%&/ﬁg analyzeshy HPLE. Asadesticlkd0%ee D-leucine

was generatealé?%e conversion rate of 99% (L-form n.d.). Quantification of amino acid by HPLC
analysis was %%{&Q{'ﬁ%? ynderrihg same sopeitionstgivenrn i3ectiorat dlooverDA361c .

4.SynthesisofD-methioninefrom DL-5-(2-methy1thioethyl)hydantoin

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 Dwform
selective N-carbamylamino acid amidohydrolase activity
- were obtaimed 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 chloride, 1 1 water, 400 ppm
manganese chloride, pH 7 prior to sterilizaticenn, 100 ppm

ampicillin sodium separately steriliz:ed by.filtration) that

:



First, 2 ml of 100 m1V1 potassium phosphate buffer (pH 7.0) containing 1% (w/v)
DL-5-(2-methylthioethyl)hydantoin was used to prepare a suspension of a disrupted cell solution of (i)
cells obtained from 2 ml of culture solution of recombinant bacteria having hydantoin racemase
activity, cells obtained from 2 ml of culture solution of recombinant bacteria -72
- having D-form selective hydantomase activity, and (iii) cells obtained from 2 ml of culture solution of
recombinantbacteriahavingD-formselective N-carbarnylamino acid amidohydrolase activity. Reaction
was performed at reaction was also 40C. As a cggparative example, the performed without adding a -
disrupted cell solution of recombinant bacteria having hydantoin racemase activit¥. After 2 hours, the
reaction mixtuge wasedituted2Qltimes witha 10 ¢iMmpbtasdisa phbipharoulfBe (51920)/acetonitrile =
95/5, and the supernatant of centrifuged r%action mixture was analyze(g by I;{?LEi Asa result,
D-methionine wessgereriaded the-Eonvérsion 1afe of 9394 T oardion rate Was 47% in the
comparative example in_ which the reaction w [ 1di Isr d cell solution of
oL Ry O aShtabton 3 Amine e

recombinant HastdHa Fﬁmﬁg ase act uantification of amino acid by HPLC was

performed under the fallowing candifions. GolumpyDeyelosh ©D$ Heron(4. 6 e 5460 mm, Nomura
Chemical Co.} Efj"e tieh %O%%M po}ia%sium phosphate bu%er (5 mM sodium

decanesulfongje)/mathanel zr3kh Jow gater: 1 miimin hsalrmisemperattire#0C detection: 210 rim.
[0137] 5.SynthesisofD-penicillaminefrom
inoculated in a 350-ml medium (16 g tryptone, 10 g veast
extract, 5 g sodium chioride} 11 water, pH 7 prior to
sterilization, 100 ppm ampicillin sodium separately
.stf:rilized by filtration) that had Dbeen 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-methylthioethyljhydantoin 61
L-5-benzylhydantoin s
L-5-methylhydantoin ‘ 20

{0117}

Escherichia coli HB101 (pTH104) (FERM BP-4864]
.was deposited on November Z, 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




DL-5-(1-mercapto-1-methyl)ethylhydantoin - 73 - First, 2 ml of 100 m1V1 HEPES-NaOH buffer
(pH 7.0) containing1%(w/v) DL-5-(1-mercapto- 1-methyl)ethylhydan was used to prepare a
suspension of a disrupted cell solution 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 having D-form selective hydantoinase activity, and (iii) cells obtained from 4 ml of :
culture solution of recombinant bacteria having D-form selective N-carbamylamino acid '1
amidohydrolase activity. Reaction was performed at 40C. As a comparative example, the reaction was
also performed without adding a disrupted cell solution of recombinant bacteria having hydantoin
racemase actvity, Afier 2n hours, the reaetieh mixtitranashdiluteb20 dimes WItHEEOrtiM potassium
phosphate buffer (pH 2.0)/acetonitrile = 95/5, and the supernatant of centrifuged reaction mixture was
analyzed by HRLE.8&&& result, 100%ee D-peniciliamine was generated at the conversion rate of 86%
(h-form n.d.). The conversion rate was 52% in the comparative example in which the reaction was
performed without adding tﬁéld@rhpted cell solution of recombinant bacteria having hydantoin
- racemase activity. HPLC analysis formed under the pame conditiops giverigeSection 4 - 74 -

above. [01381-8=&ythesisotD-ptie TetronTDE=5-benzythydantoir € reaction was
performed unczg_r tge game, opditions descripadins3egiign | except that DL-5-benzylhydantoin was
used as the s TAG nparative example, the reaction was also performed without adding the
- disrupted cell solution @f,ragambinant-hacteria haying fyeantoi racemase wetivity aAfter 9 hours of

~ reaction, 98.1%ee D-phenylalanine was generated at the conversion rate of 83%. The conversion rate
was 40% in theesinparativeyetmmpléin whichHAEEa HOR WS pefoARER R ot dtfing the
disrupted cell solution of recombinant bacteria having hydantqin r%ﬁcemas? ac{iviti/. [0139] 7.

yample L. Th &

SynthesisofD-N8aratsyipRarTakhiferBid DL-52beRyIRYdaRto

reaction mixture of 0.1-ml crude enzyme solution and

cach 0.9-ml of 50 mM Tris-HCl buffers {pH 7.5
respectively contaiﬁing 5, 10, 50, and 80 mM
L-5-(2-methylthicethyllhydantoin, 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 jon 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
Exémpie 3. An initial reaction rate was determined at each
initial substrate concentration. Figure 7 reprewn‘fs a
relationship between relative activity and initial substrate
concentration. The result showed that the hydantein

racemase produced by Bacillus sp. KNKSI9HR had




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 reaction was also
performed without adding the disrupted cell solution of recombinant bacteria having hydantoin
racemase activity. After 20 - 75 - generated at the conversion rate of 84%. The conversion rate was
48% in the comparative example in which the reaction was performed without adding the disrupted cell
solution of recombinant bacteria having hydantoin racemase activity. - 76 - CLAIMS: 1.A
polypeptide including an amino acid sequence [e$6e§ented by SEQ ID NO: 1 of the Sequence Listing.
2. A DNA encoding a polypeptide having hydantoir racemase activity, said DNA selected from the
group consisting, gt {1) 8-DNA that encodes a palypeptide; of claim 1; (2) a DNAwdnsisting of a base
sequence represented by SEQ ID NO: 2 of the Sequence Listing; and (3) a DNA consisting of a base
sequence with[a Sulistitntion ytigtetien Hinsdtiohs ahdioi additionsof 11te@bases in tHebase sequence
represented by SEQ ID No: 2 of the Sequence Listing. E\? A polypeptide encoded by a DNA of

claim 2. substrate between 50 mM and 80 mM.
[0119]

(KExample 5) Isolation of Hydantoin Racemase Gene

Colonies of PBacillus sp. KNKOS 19HR 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 c:uituring, the cells were coliected by
centrifugation, and a DNA solution was obtained using a
UliraClean Microbiél DNA Isolation Kit® (MO BIC
Laboratories, Inc.). The DNA solution was then deposited
with ethanol, and the sediment obtained by centrifugation
was dissolved in 10 mM Tris-HCl 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 (Primer—l: SEQ ID NO: 4 of
the Sequence Listing) that 'had 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.




4. A recombinant plasmid including a DNA of claim 2. 5. A recombinant plasmid of claim 4,

~ wherein the recombinant plasmid is a plasmid pBHRO0O01 separatable from Escherichia coil HB101
(pBHRO001) (FERM BP-10476). 6. A transformant obtained by transforming a host microorganism

~ with a recombinant plasmid of claim 4. - 77 - 7. A transformant as set forth in claim 6, wherein the

host microorganism is Escherichia coil. 8. A transformant as set forth in claim 7, wherein the

transformant is Escherichia coil HB101 (pBHR001) (FERM BP-10476). 9. A microorganism

~ capable of producing a polypeptide of claim 1 and belonging to Genus Bacillus. 10. A

microorganism as set forth in claim 9, wherein tﬁe6r]ni”croorganism is Bacillus sp. KNK519HR (FERM

BP-10477) or & gujtant sfrain dhereQfe gu e ride A PERESS fopprogucingrnydaydein racemase,
comprising culturing a transformant of claim 6, accumulating a polypeptide in a culture of the

transformant, and:eelleeting Ake polypaptidepart &2.1A precehy thr ptoducingdeydarstoin racemase,
comprising culturing a microorganism of claim 9, accumulating the polypeptide in a culture of the
microorganisnmgand dotiéetingdhtopelyfepticdéal gene”) was obtained.

[0121]

In order to obtain a full-length target gene, the
following procedure was perfor'mfadn. Based on the base
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 ofr 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
chromesomal 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 seguences of the DNA fragments, PCR was performed
to obtain a DNA fragment (SEQ ID NO: 10 of the Sequence
Listing) that co'nta.ined 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



-78 - 13. A process forracemizing optically active 5-substituted hydantoin, comprising causing an
optically active 5-substituted hydantoin compound to be acted upon by a polypeptide of claim 1, a
polypeptide of claim 3, a transformant of claim 6, or a microorganism of claim 9. 14. A process for
. racemizing optically active 5-substituted hydantoin as set forth in claim 13, wherein the optically active
5-substituted hydantoin compound is optically active 5-substituted hydantoin represented by General
Formula (1) where R represents an alkyl group having 1 to 20 carbon atoms with or without a
substituent, an aralkyl group having 7 to 20 car_b8? atoms with or without a substituent, or an aryl
group having 6 to 20 carbon atoms with or without a substituent. -79 - '
5-substitutedhydaptoingempeund teberacted upoaky alpolypeptidesof elaith B alpSkpeptide of claim
3, a transformant of claim 6, or a microorganism of claim 9. 16. A process for producing optically
active N-carbpmigieemindacidas-Set RR idBlalOL59 o fwHerei tAa1EBIY St b-substituted

hydan o n compound is 5-substituted hydantoin represented by General Formula (1
that had been ligated to the cutting site ol resirciion

enzyme EcoRI in a portion that was assumed to lie
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 1D NO: 2 of the Sequence
Listing). |

[0122]

(Example 6)  Construction of Recombihant Plasmid

Expressing Hvdantoin Racemase Gene

A DNA fragment 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 ID
NG: 12 of the Sequence Listing) that had been respectively
ligated to the cutting sites of restﬂction enzymes Ndel and
EcoRl in the N- and C-terminus portions of the hydantoin
racemase gene obtaizﬁed in Example b.

[0123]
The DNA {ragment was excised‘ with restriction

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




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, and wherein the optically active N-carbamylamino acid
is optically active N-carbamylamino acid represented by General Formula (2) - 80 - NHCONH2 (2)
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. _ .,17. A process as set forth in claim 16, wherein the
optically active N-carbamylamino acid is one of N-carbamyl-D-leucine,N-carbamyl-D-isoleucine,
N-carbamyl-D-yaling;hsearbamyiranoplercing, Nsearbamyd-Draoivaline, RicatbaatyhB-methionine,

W094/03613) that had been excised with the same
restriction enzymes. As a result, pBHROOL was obtained
that is designed to produce the hydantoin racemase gene
in a large quantity, as shown in the restriction map of
Figure 1.

10124]

{(Example 7 Construction of Transformant using

Recombinant DNA Including Hvdantoin Racemase Gene

The plasmid pBHRO0O1 obtained in Example 6 was
com-biz-mci with competent cells of Escherichig coli HB101
to perform transformation. The transformed cells were
plated on agar medium (10 g tryptone, 5 g yeaslt extract,
10 g sodium chloride, 15 g agar, 100 mg ampicillin,
~adjusted to 1 liter with dejonized water, pH 7.0 prior to
Steriiization, ampicillin being added after sterilization) to
obtain colonies of transformed Escherichia coli HB101
(pBHROO1) including recombinant DNA with hydantoin
racemase gene.

[0125]

The colonies of‘ 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 aercbically cultured at 37°C for 23 hours with

, shaking. The cells were collected from the culture solution




N-carbamyl-D-cysteine,N-carbamyl-D-penicillamine, N-carbamyl-D-phenylalanine,
N-carbamyl-D-phenylglycine, and N-carbamyl-D-4-hydroxyphenylglycine. 18. A process for
producing an optically active amino acid, comprising causing a 5-substituted hydantoin compound to
be acted upon by hydantoinase and N-carbamylamino acid amidohydrolase, together with a
polypeptide of claim 1, a polypeptide of claim 3, a transformant of claim 6, or a microorganism of claim
9. -81- 19. A process for producing an optically active amino acid as set forth in claim 18,
wherein the 5-substituted hydantoin compound is ﬁ?isubstituted hydantoin represented by General
Formula (1) where R represents an alkyl group having 1 to 20 carbon atoms with or without a
substituent, angyalkylgreup; Baving 7 1929 carban-atame With ¢ vithout g substugmt or an aryl
group having 6 to 20 carbon atoms with or without a substituent, and wherein the optically active
amino acid is réprétentebby Gergral Bétmulas@pRMki(3) the cells, inscluble

components originating in the cells were removed to
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]

{Exammple 8) Substrate Specificity of Hvdantoin Racemase

of Transformant

‘Using 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
1L-5-(2-methylthioethyljhydantoin . 160~
D-5-(2-methylthicethylihvdantoin 52
[3-5-(1-mercapto-1-methylethylhydantoin g

[-S-isohutylhydantoin 174 :
L-5-(1-methylpropylhydantoin 2
L-5-bengylhydantoin _ ‘ 35




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, -82-
or an aryl group having 6to 20 carbon atoms with or without a substituent. 20. A process as set
forth in claim 19, 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. SEQUENCE LISTING <110>
KANEKA CORPORATION <120> 5-SUBSTITUTED HYDANTOIN RACEMASE, DNA ENCODING
THE SAME, RECOMBINANT DNA, TRANSFORMED CELL, AND PROCESS FOR PRODUCTION OF

OPTICALLY ACTIVE N-CARBAMYLAMINO ACID OR OPTICALLY ACTIVE AMINO ACID <130>
B040727WO001-

(Bxample 9] Synthesis of Ovtically _Active Amino Acid

Using Bacteria with Hydantoin Racemase Activity

In order to synthesize corresponding D-aminé acids
of DL-5-{2-methylthicethyljhydantoin and DL-
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-methylthicethyljhydantoin |

Rirst, 0.5 ml of 30 mM Tris-HC1 buffer (pH 7.5}
containing 2% (w/v} DL-5—(2»methy1thioethy1)hydant;ain
was used to prepare a suspension of (1} celﬁs obtained from
1 ml of the culture soiution of Bacillus sp. KNKS519HR
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



<150> JP2005-022802 <151> 2005-01-31 <160> 12 <170> Patentin version 3.1 <210> 1 <211> 249
<212> PAT <213> Bacillus sp. <400> 1 Met Lys lle Lys Val lle Asn Pro Asn Thr Thr Leu Ala Met Thr
Lys 151015 Gly lle Gin His Ala Ala Lys Ser Ala Ala Arg Ser Asp Tin GIn lle 202530 Val Ala Val Ser Pro
Lys Met Gly Pro Ala Ser lle Gin Ser Tyr Tyr 354045

- 66 -
Example 3, and (iii} cells obtained from 1 ml of culture
solution of recombinant Escherichia coli having D-form
selective N-carbamylamino acid amidohydrolase activity
obtained in Example 3. Reaction was performed at 30°C.
After 19 hours, the reaction mikture was supplemented
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 resulg
D-methionine was generated at a molar ratio of 80%.
Optical purity was 86.0%@@. in a sample not suppiementéd
with | cultured Strain KNK519HR, D-methionine was
generated at a molar ratio of 39%, and 38 mol% of
L-5<{2-methylthicethyl)hydantoin remained.
[@130]

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

First, O.S ml of 50 mM Tris-HCl buffer (pH 7.5)
containing 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 sclution
of recombinant Escherichia coli having D-form selective
hydantoinase activity obtained in Example 3, and (iii) celis
obtained from 1 ml of culture solution of mcombinantr

Escherichia coli having D-form selective N-carbamylamino




Asp Glu Tyr Leu Ser lle Pro Gly Val lle Gin Glu lle Lys Lys Gly 505560 Gin Gin Glu Gly Val Asp Ala
Phe Val lle Ala Cys Trp Gly Asp Pro 55707580 Gly Leu His Ala Ala Arg Glu Val Tin Asp Lys Pro Val
Val Gly lle 859095 Ala Gin Ser Ser Val Tyr Len Ala Ser Met Leu Ala Ala Arg Phe Ser 100105110 Val
Val Thr Val Leu Pro Arg lle Lys Thr Met Len Glu Asp Len Val 115120125 Asp Ser Tyr Gly Met Gin Lys

Arg Val Val Asn lle Arg Thr Thr Pro 130135140 145150155160 Leu Arg Gin Glu Gly Lys Arg Ala Val
Glu Glu Asp Asn Ala Glu Ala

67 -
acid amidohydrolase activity obtained in Example 3.
Reaction was performed at 30°C. After 18 hours, the
reaction mixture was Suppiemeﬁted with 0.05 mml of 1IN
HC] to terminate the reaction, and then diluted 20 times
with ion exchange water. Finally, the reaction mixture was
centrifuged and the supernatant was analyzed by HPLC.
10131]

HPLC analysis was performed under the following
conditioz_ls. Column:; CROWNPAK CR+ (4.6 mm x 150 mm,
Daicel), eluent: HCIO4 (pH 1.5), flow rate: 0.4 ml/min.,
cc}lﬁmn temperature: 4°C, detection: 210 nm. The ré.su.lt

' 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 Optically Active

N-carbamylamine Acid and Optically Active Aming 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 (Escherichia coli HBI1O1
(pTH104}} having D-form sclective hydantoinaée activity

obtained in Example 3, and (iii) recombinant Escherichia




165170175 lle Leu Leu Gly Cys Ala Gly Met Ala Glu Phe Ala Asp Ser Leu Glu 180185190 Lys Glu Leu
Gly Val Pro Val lle Asp Gly Val Val Ala Gly Val Lys 195200205 Phe Ala Glu Ala lle Val Asp Leu Gly
Lys Lys Thr Ser Lys Leu Lys 210215220 Thr Tyr Lys Tyr Pro Glu Lys Lys Glu Tyr Val Gly Ala Leu Glu

gsn_|?25230235240 Phe Gly Leu Asn Gin Thr Thr Thr Lys 245 <210> 2 <211> 750 <212> DNA <213>
acillus sp.

LG8 -

coli (Escherichia coli HB101 (pNT4553)) having D-form
selective N-carbamylamino acid amidohydrolase activity
obtained in Example 3. The celis were suspended in 50
mM Tris-HCl buffer (pH 7.5) and sonicated to obtain

-~ enzyme solutions of the respective samples. The enzyme
solutions - were allowed to react with
DL-5-isobutylhydantoin,
DL-5-{2-methylthioethyl)hydantoin,
DL»S—(1~mefcaptou1~methy1} ethylhydantoin, or
DL-S5-benzylhydantoin to synthesize D- N-carbamylamino
acid or D-amino acid corresponding to these substrates.

{01331
1. Synthesis of D-leucine irom DL-5-isobutylhydantoin
First, 2 ml _ of 0.83 M

2—[4—(2ﬁhydroxyethy1}.—1««piperazinyl}ethanesulfonic 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 {ij 2 ml of culture solution
of transformant having hydantoin racemase activity, (i1) 2
ml of culture sofution of recombinant bacteria with B-form
selective hydantoinase activity, and (iii}) 10 ml of culture
solution of recombinant bacteria with D-form selective
charbamyi-amino acid amidohydrolase activity. Reaction
was performed at 30°C. As a comparative example, the

reaction was also performed without adding a disrupted




<400> 2 atgaaaatta aagttatcaa gctgctaagt cagctgcaag ccggcttcaa ttgaatccta attaaaaagg gagaagaagam
ggattacatg ctgcgagaga gttatttag catcaatgct cccgaataca atctgatact ctatgatgaa aggagtagat agtaacagat
tgctgccaga actttggcaa caaattgttg tatttaagta gcatttgtta aaaccagttg ttttccgtgg tacggtatge gaagataatg
cttgaaaaag gaagcaattg aaaaaagaat aaaaacgtgt cagaagcggg cagaagctat aattaggagt ttgatctagg
atgttggggc agtaaacatc aattgaaatg tttacttgga tcccgttatc aaagaaaaca attggagaac

- 69 -
cell solution of recombinant bacteria with hydantoin
racemase activity. After 2 hours, the reaction mixture was
diluted 50 times with Ol.()l% (v/v) triethylamine acetate
(pH 6.8)/methanol = 9/1, and the supernatant of
centrifuged reaction mixture was analyzed by HPLC. 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
recambinant bacteria having hydantoin racemase activity.
_Quantifi;ation of amino acid by HPLC analysis was
performed under the foliowing conditions. Column:
CROWNPAK CR+ (4.6 mm X 15.0 mm, Daicel), eluent:
| HClO4 (pH 1.5), flow rate: 1 ml/min., column temperature:
25°C, detection: 210 nm.
10134]

2. Synthesis of D-N-carbamylleucine from
DL-5-isobutylthydantoin

First, 2 ml of 0.2 M Tris-HCI 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 selective




<21> 40 <212> PRT <213> Bacillus sp. <400> 3 Met Lys lle Lys Val lle Asn Pro Asn Thr Thr Leu Ala

Met Thr Lys 151015 Gly lle Glu His Ala Ala Lys Ser Ala Ala Arg Ser A i
sp Thr Gin Il
Val Ser Pro Lys Met Gly 35 40 <210> 4 k g € 202530 Val Ala

- TO -
hydantoinase activity. Reaction was performed at 30°C. As
a comparative example, the reaction was also performed
without adding a disrupted cell solution of recombinant
bacteria having hydantoin racemase activity. After 6 hours,
the reaction mixture was diluted 50 times with 0.01%
(v/v) triethylamine acetate (pH 6.8)/methanol = 9/1, and
the supernatant of centrifuged r@action 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 performed
without the disrupted cell solution of recombinant
bacteria having hydantoin racemase activity.
Quantification by HPLC analysis Was performed under the
following conditions. Column: two lpieces of Chirebiotic T
(4.6 mm x 250 mm, ASTEC Inc.} jeined togethe%, 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.
[0135]
3. Synthesis of D-leucine Irom L~§—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




<211>17 <212>DNA <213> Artificial <220>

L7 -
transformant héving hydantoin racemase activity, and (ii]
cells obtained from 2 m! of culture solution of
recombinant hacteria having D-form  selective
hydantbinase activity, and (iii} cells obtained from 8 ml of
culture solution of. recombinant bacteria having D-form
- gelective N-carbamylamino acid amidohydrolase activity.
Reaction was performed at 40°C. After 2.5 hours, the
reaction mixture was diluted 50 times with 10 mM
potassium phosphate buifer {pH 2.0}/ acetonitrile = 95/5,
and the supernatant of centrifuged reaction mix’.mre was
analyzed by HPLC. As a result, 100%ee D-leucine was
generated at the conversion rate of 99% (L-form n.d.}.
Quantification of amine 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-methylthioethyl)hydantoin was used to prepare a
suspension of a disrupted cell solution of (i} cells obtained
from 2 ml! of culture solution of recombinant bacteria
having hydantoin racemase activity, (i) cells obtained

from 2 ml of culture solution of recombinant bacteria



<223> primer-1 <220> <221> misc_feature

~TD -

having D-form selective hydantoinase activity, and ({iii)
cells obtained from 2 ml of culture solution of
recombinant bacteria having D-form selective
N-carbamylamino acid amidohydrolase activity. Reaction
was performed at 40°C. As a comparative 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 = 95/35, and the supernatant of
centrifuged reaction mixture was analyzed by HPLC. As a
result, D-methionine was generated at the conversion rate
of 83%. The conversion rate was 47% in the comparative
example in which the reaction was performed without
adding the disrupted cell solution of recombinant bacteria
“-having hydantoin racemase activity. Quantification of
amino acid by HPLC was performed under the following
conditions. Column: Develosil ODS HG-5 (4.6 mm x 150
mm, Nomura Chemical Co., Ltd.}, eluent : 60 mM
potassium phosphate buffer (S mM ~sodium
decanesﬁlfonate)/methanol = 3/1, flow rate : 1 ml/min.,
column temperature: 40°C, detection: 210 nm.

101371
5. Synthesis of D- penicillamine from

DL-5-{1-mercapto- 1 —methyi}ethylhydantoin




<222> (6)..(6) <223> nrepresents a,t,g or c. <220> <221> misc_feature

73 -

First, 2 ml of 100 mM HEPES-NaOH buffer {pH 7.0)
containing 1% {w/v)
DL@S»(l»mercaptom1~m€thy1}ethyihydamtom was used te
prepare a suspension of a disrupted cell solution 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 having D-form selective
nydantoinase activity, and (iii} cells obtained from 4 ml of
culture solution of recombinant bacteria having D-form
selective charbaﬁzylamino acid amidohydrolase activity.
Reaction was performed at 40°C. As a comparative
examplle, 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
?hosphate 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 racemase  activity. HPLC  analysis was

performed under the same conditions given in Section 4




|
| <222>(12)..(12) <223> nrepresents a,t,g or c. <400> 4 atgacnaarg gnathgal7 <210>5

L T4 -

above.

(0138]

6. Synthesis of D-phenylalanine from
DL-5-benzylhydantoein
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»phenyhﬂamjﬁe‘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 désrupﬁed 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 reacﬁon ﬁWaS also performed
without adding the disrupted cell solution ofrecﬁnabhlant
bacteria having hydantoin racemase activity. After 20

hours of reaction, D-N-carbamylphenylalanine = was




| <211> 17 <212> DNA <213> Artificial <220> <223> pe 2 <220> <221> misc_feature <222>(3)..(3)

<223> n represents a,t,g or c. <220> <221> misc_feature <222>
NI - (12)..(12) <223> n repreSents a,t,g or

TS

generated at the conversion rate of 84%. The conversion
rate was 48% in the comparative example in which the
reaction was performed without adding the disrupted cell
solution of recombinant bacteria having hydantoin

racemase activity.



| acnccrtcda tnacrggl7 <210> 6 <211> 17 <212> DNA <213> Atrtificial <220> <223> primer-3 <400> 6
taggattcaa ttgaagcl7 <210> 7 <211> 17 <212> DNA <213> Atrtificial <220> <223> primer-4
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CLAIMS:

1. A polypeptide including an amino acid sequence

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

2. A DNA encoding a polypeptide having hydantein
racemase activity,

said DNA selected from the group consisting of: (1) é,
DNA that encodes a polypeptide of claim 1; (2] a DNA
consisting of a base sequence represented by SEQ ID NO:
2 of the Sequence Listing; and (3) a DNA consisting of a
base sequence with a substitution, deletion, insertion,
and/or addition of 1 to 8 bases in the base sequence

represented by SEQ ID No: 2 of the Sequence Listing.

3. A polypeptide encoded by a DNA of claim 2.

4. A recombinant plasmid including a DNA of
claim 2.
S. A recombinant plasmid of claim 4, wherein the

recombinant plasmid is a plasmid pBHRO001 separatable

from Escherichia coli HB101 (pBHR0O1) (FERM BP-10476).

6. A transformant obtained by transforming a host

microorganism with a recombinant plasmid of claim 4.



© <400> 7 ttgattcata cggtatgl7 <210> 8 <211> 30 <212> DNA <213> Atrtificial <220> <223> primer-5
<400> 8 actacacata tgacaattgt tgacccttgg30 <210> 9 <211> 30 <212> DNA <213> Artificial <220>

-TT -

7. A transformant as set forth in claim 6, wherein

the host microorganism is Escherichia coli.

8. A transformant as set forth in claim 7, wherein
the transformant is Escherichia coli HB10!1 (pBHROOI1)

(FERM BP-10476).

9. A  microorganism capable of producing a

polypeptide of claim 1 and belonging to Genus Bacillus.

10. A microorganism as set forth in claim 9,
wherein the microorganism is Bacillus sp. KNK519HR

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

11. A process for producing hydantoin racemase,
comprising culturing a transformant of claim 6,
accumulating a polypeptide in a culture of the

transformant, and collecting the polypeptide.

12. A process for producing hydantoin racemase,
comprising culturing a microorganism of claim 9,
accumulating the polypeptide in a culture of the

microorganism, and collecting the polypeptide.



- <223> primer-6 <400> 9 gctaatgaat tcactagtaa gtgaaattcg30 <210> 10 <211> 1024 <212> DNA <213>
Bacillus sp. cacctgaaaa gaaagaatat agcgggaaat taagaaattt gggtccgtgg aaaaagctat 120 aaaataaatt
cactaaattc taggaggaaa atggttatga aaattaaagt tatcaacccg

- 78 -

13. A process for racemizing optically active
5-substituted hydantoin, comprising causing an optically
active 5-substituted hydantoin compound to be acted
upon by a polypeptide of claim 1, a polypeptide of claim 3,

a transformant of claim 6, or a microorganism of claim 9.

14. A process for racemizing optically active
S-substituted hydantoin as set forth in claim 13, wherein
the optically active 5-substituted hydantoin compound is
optically active 35-substituted hydantoin represented by

General Formula (1)

P

(1)

QO
Iz

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.

-

15. A process for producing optically active

N-carbamylamino acid, comprising causing a



~ 180 aatacaactt tggcaatgac aaagggaatt gaacatgctg ctaagtcage tgcaagatct 240 gatactcaaa ttgttgcagt
gagtcctaaa atgggtccgg cttcaattga atcctactat 300 gatgaatatt taagtattcc aggagtaatt gaggaaatta
aaaagggaga agaagaagga

79 -
S-substituted hydantoin compound to be acted
upon by a polypeptide of claim 1, a polypeptide of claim 3,

a transformant of claim 6, or a microorganism of claim 9.

16. A process for producing optically active
N-carbamylamino acid as set forth in claim 15,

wherein the optically active 5-substituted hydantoin
compound is 5-substituted hydantoin represented by

General Formula {1}

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, and

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

General Formula (2)



360 gtagatgcat ttgttatagc atgctgggga gaccctggat tacatgctgc gagagaagta 420 acagataaac cagttgtagg
cattgcggaa tcctecgttt atttagcatc aatgcettget 480 gccagatttt ccgtggtcac agttttacct agaattaaaa caatgttaga
agacctggtt

- 80 -
R NHCONH,
2
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.

17. A process as set forth in claim 16, wherein the

optically active N-carbamylamino acid 1is 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,

and N-carbamyl-D-4-hydroxyphenylglycine.

18. A process for producing an optically active
amino acid, comprising causing a 5-substituted hydantoin
compound to be.acted upon by hydantoinase and
N-carbamylamino acid amidohydrolase, together with a
polypeptide of claim 1, a polypeptide of claim 3, a

transformant of claim 6, or a microorganism of claim 9.



' 540 gattcatacg gtatgcaaaa acgtgtagta aacatccgta cgacaccaat gggcgtatta 600 gattttgaga gagatccaga
agcgggaatt gaaatgttaa ggcaggaagg gaaaagagcg 660 gtagaggaag ataatgcaga agctatttta cttggatgtg
ctggtatggc agaatttgcg 720 gatagccttg aaaaagaatt aggagttccc

.81 -

19. A process for producing an optically active
amino acid as set forth in claim 18,
wherein the 5-substituted hydantoin compound is

5-substituted hydantoin represented by General Formula

(1)

Zr

(1)

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, 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,



' gttatcgatg gagttgtagc gggtgtgaaa 780 ttcgccgaag caattgttga tctaggaaag aaaacaagta aactaaaaac
ttataaatat 840 ccagagaaaa aagaatatgt tggggcattg gagaactttg gcctgaatca aacaactaca 900 aaataaaaaa
ttaattggtt ttggcacaaa aattaaagag ttttcacgct tgttaaatga

- 82 -

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

without a substituent.

20. A process as set forth in claim 19, wherein the

optically active amino acid 1is 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.



960 tagatagttt atatcaattt tatttaattt tgggcgaatt tcacttacta gtgaattcat 1020 tagc
28 <212> DNA <213> Artificial

<110>

<k20>

<130

<150>
<151

<160
<170
«210>
<211l>
<212>
<213>
<400
Met Lys
1

Gly Ile

Val Ala

Asp Glu
5¢

Glu Glu
&5

Gly Leu

Ala Glu

Val Val

Asp Ser

130

Met Gly

SEQUENCE LISTING

KANERA CORPORATION

1024 <210> 11 <211>

5-SUBSTITUTED HYDANTOIN RACEMASE, DNA ENCODING THE SAME, RECOMBINANT DHNA,
TRANSFORMED CELL, AND PROCESS FCOR PRODUCTION OF OPTICALLY ACTIVE N-CARBAMYLAMINO
ACTD OR OPTICALLY ACTIVE AMING ACID

B040727W0O01-

JP2005-022802
2005-01~31%

12
PatentIn version
1
248
PRT
Bac¢illus sp.
L
Ile Lys Val Ile
5

Glu His Ala Ala
20

vVal Ser Proc Lys
35

Tyr Leu Ser Ile

Glu Gly Val Asp
70

His Ala Ala Arg
85

Ser Ser Val Tyr
100

Thr Val Leu Pro
115

Tyr Gly Met Gln

Val Leu Asp Phe

3.1

Asn

Lys

Met

Pro

55

Ala

Glu

Leu

Arg

Lys

135

Glu

Pro

Ser

Gly.

40

Gly

Phe

vVal

Ala

Ilie

120

Ary

Arg

Asn

Ala

25

Pro

Val

Val

Thr

Ser

105

Lys

Val

hsp

Thr
10

Aala
Alz
Ile
Ile
Asp
90

Met
Thr

Val

Pro

Thr

hrg

Ser

Glu

Ala

75

Lys

Leu

Met

Asn

Giu

Leu

Ser

Ile

Glu

60

Cys

Pro

Ala

Leu

Tieg

140

Ala

Ala

Rep

Glu

45

Ile

Trp

Val

Ala

Glu

125

Arg

Gly

Met

Thr

30

Ser

Lys

Gly

Val

Arg

110

Asp

Thr

Ile

Thr
15

Gln

Tyx

Lys

Asp

Gly

95

Phe

Ieu

Thr

Glu

Lys

Tle

Ty

Gly

Pro

80

Ile

Ser

Val

Pro

Met



148

L.eu

Ile-

Lys

Arg Gln

Leu Leu

Glu Leu

150

Gilu Gly

165

Gly
1890

Cys

Gly val

195

Phe
210

Thr
225

Phe

210> 2

<211> 750
«<212> DNA
<213 >

<400 2
atgaaaatta

gotgetaagt
ccggettcaa
attaaaaagg

ggattacatg

gtttatttag

aaaacaatgt
cgtacgacac
ttaaggcagg
tgtgctggta
gatggagttg
agtaaactaa

tttggcctga

<210> 3

Ala Glu

Tyr Lys

Gly Leu

Bacillus

Ala JTle

Tvr Pro

Lys

Ala

Pro

Val

Glu

Arg Ala

Met

Gly

Ile
200

val

Asp Leu

215

Lys Lys

230

Gin
245

Asn

sP.

aagttatcaa
cagetgeaag
ttgaatoecta
gagaagaaga
ctgcgagaga
catcaatget
tagaagacct
caatgggegt
aagggaaaag
tggcagaatt
tagogggtgt
aaacttataa

atcaaacaac

Thy

Thy Thr

ceegaataca
atctgatact
ctatgatgaa
aggagtagat
agtaacagat
tgetgecaga
ggttgattca
attagatttt
agcggtagag
tgcggatage
gaaattcgee
atatccagag

tacaaaataa

Val

Ala

185

Asp

Gly

Glu

155

Glu Glu

170

Glu Phe

Gly val
Lys

Lys

Val
235

Tyr

Liys

actttggcaa
caaattgttg
tatttaagta
gcattigtta
aaaccagttg
ttttcocgtgg
tacggtatge
gagagagatc
gaagataatg
cttgazaaayg
gaagcaattyg

aadaaagaat

Asn Ala

Ala Ser

190

Asp

Ala
205

val Gly

Thr
220

Ser Lys

Gly Ala Leu

tgacaaaégg
cagtgagtcc
tteocaggagt
tagcatgctg
taggecattgo
tcacagtttt
aaaaacgtgt
cagaageggyg
cagaagctat
aattaggagt

ttgatctagg

atgttggggc

160

Glu Ala

175

Leu Glu

Val Lys

Leu Lys

Glu Asn

240

aattgaacat
tzaaatgggt
aattgaggaa
gggagacceh
ggaatccteo
acctagaatt
agtaaacatce
aattgaaatg
tttacttgga
teecegttate
aaagaaaaca

attggagaac

<220> <223> primer-7 <400> 11 ttcatcgcat atgaaaatta aagttatc28 <210> 12 <211> 30 <212> DNA
<213> Artificial <220> <223> primer-8 <400> 12 aagtcagaat tcttattttg tagttgtttg30

60

120

180

240

300

360

4240

480

540

600

660

720

750
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<Z11l> 40
212> PRT
<213> PRBacillus sp.

<400> 3

Met Lys Ile Lys Val Ile Zsn Pro Asn Thr Thr Leu Ala Met Thr Lys
i 5 1O 15

Gly Ile @lu His Ala Ala Lys Ser Ala Ala Arg Sex Asp Thr Gln Ile
20 25 30

Val Ala Val Ser Pro Lys Met Gly

35 40
«<210> 4
<21ll> 17
«212> DNA

«213> Artificial

<220>
<223> primer-1

<220>

<221l> misc_feature

«222> {6)..(6)

<223> n represents a,i,g or C.

<220>

<221> misc_feature

222> (r2)..(12)

223> 1n represents a,t,g or cC.

<400> 4
atgacnaarg gnathga

<210> 5
<2Lk> 17
<212= DNA

<213> Artificial

<220>
<223> primer-2

<220>

<221> misc feature

<222> (3y..{(3)

<223> n represents a,t,g or <.

«220>

<221> misc_feature

<222 (12)..(12)

<223 > n‘represents a,t,g or c.



<400 &5

acnccrteda tnacrgy 17
210> &
<213 17
=212> DNA
<213> Artificial
«220>
<223> primer-3
<400> €
taggattcaa ttgaage 17
<210> 7
<211> 17
<212> DNA
«213> Artificial
<220>
<223> primer-4
<400> 7
ttgattecata cggtatg 17
<210> 8
<211= 30
<212> DNA
<233> Artificial
<220>
«223> primer-5
<400> 8
actacacata tgacaattgt tgacccttgg 30
<Z210> 9
<2ri> 30
«212> DNA
<213> Artificial
<220>
<223> primer-6
<400= 9
30

gctaatgaat tcactagtaa gtgaaaticg

<210> 10
<211> 1024
«<212> DHNA

<212> Racillus sp.

<400> 10
actacacata tgacaattgt tgacccitgg aaaaaacaat caaactaaaa acttataaat 60



éaqctgaaaa
agaataaatt
aatacaactt
gatactcaaa
gatgaatatt
gtagatgcat
acagataaac
gecagattth
gattcatacy
gattttgaga
gtagaggaag
gatagccttyg
ttogecegaag
ccagagaaaa
aaataaaaaa
tagatagttt
tage

<210>
«211>

<212>
<213>

1L
28
DNA

<220>

<223>

<400> 11

gaaagaatat
cactaaattc
tgécaatgac
ttgttgeagt
taagtattcc
ttgttatage
cagttygtagyg
ceogtggteac
gtatgcaaaa
gagatocaga
ataatgcaga
aaaaagaatt
caattgttga
aagaatatgt
ttazttggtt

atatcaattt

Artificial

primer-7

agegggaaat
taggaggaza
aaagggaatt
gagtcctaaa
aggagtaatt
atgetgggga
cattgocggaa
agttttacct
acgtgtagta
agcgggaatt
agcectatttta
aggagtteocc
tctaggaaayg
tggggeatrtyg
ttggcacaaa

tatttaattt

ttecatcgecat atgaasatta aagttatce

<210> 12

<211 30

«<212> DNA

<213> Artificial
«<220>

<223> primer-8
400> 12

aagtcagaat tcttattttg tagttgtttg

taagaaattt
atggttatgs
gaacatgctyg
atgggtceegg
gaggaaatta
gaccchtggat
tccteegttt
agaattaaaa
aacatccgta
gaaatgttaa
cttggatgtg
gttatcgatg
aaaacaagta
gagaacittyg
aattaaagag

tgggegaatt

gggtcegtgg
aaattaaagt
ctaagtcage
cttecaattga
aaaagggaga
tacatgetge
atttagcatce
caatgttaga
cgacaccaat
ggcaggaagyg
ctggtatgge
gagttgtage
aactaaaaac
gcetgaatca
ttttcacact

tcacttacta

aaaaagctat

tatcaacceg

tgcaagatct

atcectactat
agaagaagga
gagagaagta
aatgcttget
agacctggtt
gggecgtatta
gaaaagagcg
agaatttgeg
guggtgtgaaa
ttataaatat
aacaactaca
tgttaaatga

gtgaattcat

120

180

240

300

260

420

480

540

600

660

720

780

840

200

960

1020

1024

28

30



