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RROCESS FOR PRODUCI NG D- N- CARBANDYL- a- AM NO ACI DS Field

o6f. the Invention The present invention relates to a
process for produci ng D-N-car banoyl -a-am no acids. Mre
specifically, it 5 relates to a process for producing

‘D-:N- car banoyl - a-am no aci ds uriiizing a novel  transformant having a
gene for an enzyne whi ch converts 5-substituted hydantoins into
correspondi ng D N- car banoyl -[err]-am no acids by asymetric

cl eavage hydrol ysis (hereinafter referred to as hydantoi nase). 10
Backgrounds of the Invention Optically-active

D- N-car banoyl - a-am no aci ds can be converted into correspondi ng
D-[err]-amno acids and optically- active D-a-anmino acids are

i por tant conpoundprytESY qfdﬁ?qiﬂilﬁlcms D-N-CHRAMBYE, JUAMING e TDS
particul ar, exanples of industrially 15 usef ul conpounds I ncl ude

D- phenyl gl yci ne and D (p-
Field of the Invention
The present invention relates to a process for
producing D-N-carbamoyl-a-amino acids. More specifically, it
5 . relates to a process for producing D-N—carbainoyl-a-amino acids
uti;izing a.novel transformant having a gene for an enzyme
which converts 5-substituted hydantoins into corresponding D-
N-carbamoyl-a-amino acids by asymmetric cleavage hydrolysis
(hereinafter referred to as hydantoinase).
10 Backgrounds of the Invention
Optically-~active D-N-carbamoyl-a-amino acids can be
converted into corre_sponding D-a-amino acids and optically-
acti\}e D-a-amino acids are important compounds as intermediate
compounds for drugs. In particular, examples of industrially
15 useful compounds include D-phenylglycine and D-(p-
hydroxyphenyl)glycine as intermediate compounds for the
production of sémisynthetic penicillins and semisynthetic
cephalosporins . |
For the production of D- N-carbamoyl -a-amino acids,
20 processes utilizing microbial enzymatic reactions have been
known to convert 5-$ubstituted hydantoins into corresponding
D-N-carbamoyl-a-amino acids by asymmetric cleavage hydrolysis
and such processes are described in JP-A 53-91189, JP-A 53-

44690, JP-A 53-69884, JP-A 53-133688 and the like.
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a hydant oi nase gene fragment
m croorgani sm belonging to the genus Agrobacterium and

obtain from thermophilic microorganisms and it is inserted
into mesophilic microorganisms to produce transformant
microorganisms having hydantoinase activity. Furthermore, in
W094/00577, a hydantoinase gene fragment is isolated from a

microorganism belonging to the genus Agrobacterium and

introduced into Escherichia coli or a microorganism of the

genus Agrobacterium to express the activity.

Objects of the Invention

In the above-described processes utilizing microbial
enzymatic reactions, there are such drawbacks that yields of
the enzyme by microorganisms known to be its source is
insuffidient and, further, culture mediums are expengive.

In addition,

with regard to the transformant

microorganisms disclosed in JP-A 62-87089, the improvement of

. the enzymatic activity is only several times in comparison

with sporulating thermophilic' microorganisms having
hydantoinase activity and yields of +the enzyme is yet
insufficient.
Furthermore, there is no example in the prior art
that a 5-substituted hydantoin is subjected to asymmetrical
cleavage ﬁydrolysis by using the above-described transformant
microorganism to produce and accumulate the corresponding D-N-

carbamoyl-a-amino acid.
The present invention is to solve these problems and

is directed to the creation of a microorganism having very



i_ntroduced into Escherichia coli or a mcroorgani smof the genus

Agrobacteriumto express the activity. bj ects of the

| hventi on In the above-descri bed processes utilizing
microbial 10 enzymatic reactions, there are such drawbacks that yields
of t he enzyne by m croorgani sms known to be its source is

I nsufficient and, further, culture nediuns are expensive.

In addition, wth regard to the transformnt m croor gani snms
di scl osed in JP-A 62-87089, the inprovenent of 15 the enzymatic
activity is only several times in cofipdrison with  sporulating

t hernmophilic m croorgani sns havi ng hydant oi nase activity and
_yields of the enzyne is yet i nsufficient.

Furthernore, there is no exanple in the prior art 20 that a
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aci d. The present inventionis to solve these probl ens
and 25 i Thiis' ebitadried.t he creation of a microorgani smhaving very

Summary of the Invention

5 JP-A 62-87089 and W094/00577 disclose the method for
obtaining -hydantoinase producer miqroorganisms by using
recombinant DNA techniques. However, the source microorgan-
isms for supplying hydantoinase genes are completely different
from microorganisms used for obtaining hydantoinase genes in

10 the present invention. In addition, the nucleotide sequences
and amino acid sequences of the hydantdinase genes are
considerably different from those of the present invention.

The present invention is to provide a process for
producing a D-;N-carbamoyl-a—amino acid which coinprises

15 reacting a 5-substituted hydantoin in an aqueous medium with
hydantoinase produced by a transformant obtained by
transforming a host microorganism such as a xﬁicroorganism_

belonging to the genus Escherichia, Pseudomonas, Flavobacteri-

um, Bacillus, Serratia, Agrobacterium, Corynebacterium or

20 Brevibacterium with a recombinant DNA of a DNA fragment
containing- a gene for hydantoinase derived from Bacillus sp.
KNK245 (FERM BP-4863), Agrobacterium sp. KNK712 (FERM BP-1900)
or Pseudomonas sp. KNKOO3A (FERM BP-3181) and a vector DNA.
A transformant having very high hydantoinase

25 productivity such as that obtained in the present invention



3 hi gh enzynme productivity and to the production of DN

carbanoyl -a-ami no acids efficiently by using the enzyme source t hus
obt ai ned. Summary of the Invention 5 JP-A
62- 87089 and W94/ 00577 di scl ose the method for obt ai ni ng
hydant oi nase producer mnicroorgani sns by using reconmbi nant DNA

techni ques. However, the source m croorgan- - . isms for supplying
hydant oi nase genes are conpletely different from m croorgani sns used

the present invention. In

for obtaining hydantoi nase genes in 10
= % Tand am no acid sequences of the

addi tion, the nucl eotide sequences 4

hydant oi nase genes are considerably different fromthose of the
present invention. The present invention is to provide a
process for produci ng a D-N-carbanmoyl -[err]-am no acid which

comprises  1Snag [ABE! Kled JndhS!ALHLEGOYEANP! Bnbh AR1SAUSHS HRA! UEhe
wth hydant ol nase produced y a transtornmant” obtained by
' extremely efficient and economical production of D-N-carbamo-
yl-a-amino acids become possible by utilizing the reaction of
the enzyme of the transformant.
5 Hereinafter, the bresent invention will be described

in detail with reference to the éccompanying drawings.

Brief Explanation of the Drawings -

Fig. 1 is a restriction enzyme map of piasmid

PAH1043.
10 Fig. 2 is a restriction enzyme map of plasmid
pTH102.
Fig. 3 is a restriction enzyme map of plasmid
pTH103.
Fig. .4 is a restriction enzyme map of plasmid
15 pTH104. |
Fig. 5 is a restriction enzyme map of plasmid
.pPHD301.

Fig. 6 is a restriction enzyme map of plasmid

pTHB301.



t.ransform ng a host m croorgani smsuch as a mcroorgani sm bel ongi ng

ig t he genus Escherichia, Pseudononas, Fl avobacteri - [err]m
Bacillus, Serratia, Agrobacterium Corynebacteriumor 20 Br evi bact eri um
with a reconbi nant DNA of a DNA fragnent containing a gene for
hydant oi nase derived from Bacillus sp. KNK245 ( FERM BP-4863),

Aar obacteri um sp. KNK712 ( FERM BP- 1900) or Pseudononas sp. KNKOO3A
(FERM BP-3181) and a vector DNA. A transfornmant havi ng

very hi gh hydantoi nase 25 producti%ity such as that obtained in the
present invention -v - - 4-

has not been known heretofore in the prior art and the extrenely

ef ficient and econom cal production of D N carbano- yl -a-am no aci ds
beconme possible by utilizing the reaction of the enzyne of the

transformant. 5 Detailed 8§13 {d18on (¥ tHL SBRferhE@Rt i ON Wil be
descri bed
A DNA fragment containing the gene to be used in the
present invention can be obtained from Bacillus sp. KNK245,
Agrobacterium sp. KNK712 or Pseudomonas sp. KNKOO3A.
5 Agrobacterium sp. KNK712 and Pseudomonas sp. KNKOO3A have been
deposited - at National Institute of Bioscience and Humaﬁ-
Technology,'Agency of Industrial Science & Technology (NIBH),
Ministry of International Trade & Industry by the present
applicant under accession numbers of FERM BP-1900 and FERM BP-
10 3181, respectively and are known strains which described in
detail in W092/10579. Bacillus sp. KNK245 is a strain newly
found by the present inventors and has been deposited at NIBH
as of November 2, 1994 under the accession number of FERM BP- .
4863.
15 Microbiological characteristics of Bacillus sp.

KNK245 are as follows.

Bacillus sp. KNK245

Form : rods, filamentous

Size _ 0.5-0.8 x 3-10 (pm)
20 Gram stain _ +

Sporés +

Motility -

Growth temperature : 37-60°C

Growth pH | | 5.0-8.9

25 Growth in 5% NaCl -



tn detail with reference to the acconpanyi ng draw ngs.

Brief Explanation of the Drawi ngs Fig. 1 is arestriction
enzyne map of plasmd pAH1043. 10 Fig. 2is a
restriction enzyne map of plasm d. pTH102. _ Fig. 3
is arestriction enzynme map of plasnmd pTH103. ' : Fi g.
4 is arestriction enzyne map of plasmd 15 pTH104. .

Fig. 5is arestriction enzyme map of plasmd pPHD301.

Fig. 6 is a restriction enzyme nmap of %Iasnid pTHB301.

Growth in 7% NaCl -
Growth in 0.02% azide -
Growth in 0.001% lysozyme -
Nitrate reduction -
5 Starch hydrolyéis . +
Casein decomposition +

Tyrosine decomposition -

Catalase -
Oxidase | +
10 . Indole production -
Production of acids from
carbohydrates
Mannose (+)
Xylose -
15 - Arabinose | +
Rhamnose -
Glucose +
Fructose +
Raffinose -
20 Sucrose +
-Maltose +
Lactose =

For obtaining a hydantoinase gene from these
strains, normally, the following procedure is carried out.
25 Firstly, genomic DNA is extracted from a microbial

‘cell and then the DNA is partially hydrolyzed with a suitable



Det ai | ed Expl anation of the |Invention A DNA fragnent

cantaining the gene to be used in the present invention can be
obt ai ned from Bacillus sp. KNK245, Agrobacterium sp. KNK712 or -
Pseudononas sp. KNKOO3A. 5 Agr obacterium sp. KNK712 and Pseudononas sp.
KNKOO3A have been deposited at National Institute of Bi.oscience and
Human- Technol ogy, Agency of Industrial Science & Technol ogy (NI BH)
Mnistry of International Trade & Industry by the present appl i cant
under accession nunbers of FERM BP-190Q,and FERM BP- 10 3181,
respectively and are known strains which described in detail in
W92/ 10579. Bacillus sp. KNK245 is a strain newy found by the
present inventors and has been deposited at N BH ' as of Novenber 2,
1994 under the accession nunber of FERM BP- 4863. 15

M crobi ol 0gi GRisteheteLds’ bﬁﬁzyﬁlé Offdiacéié ép Sau3AIl orXN¥é51dake.as The
fol | ows. : Baci I lus sp. K Form

rods, filametguiflting fragmentsd Zare llgated to vector ONA 0t8 xoBtdfn
([err]n) 20 Gram stain +

Spor es recombinant DNA moleculés having varioddgenomic DNA fragments

as a gene library (see JP-A 58-126789 and U.S. Patent No.
5. 4,237,224).

Then, a recombinant containing thé desired gene is
selected from this gene library. For example, the selection
can be carried out by detection of an expreséed protein using
its enzymatic activity as an indication, or the selection can

10 be carried out by analyzing fhe N-terminal sequence of a
protein, synthesizing a corresponding DNA probe and detecting
the presence of the desired gene by colony hybridization or
the like. in addition, the desired gene can be obtained by
colony hybridization or polymerase chain reaction (PCR) method -

15 using DNA primers which are synthesized suitable portions of
a known hydantoinase base sequence. Once the desired gene is
obtained, its nucleotide seﬁuence is analyzed. 1In addition,
a hydantoinase producer microorganism and a recombinant
containing this enzyme gene are cultivated. The resultant

20 “enzyme is purified and the molecular weight of the resultant

| protein is determined. At the same time, the amino acid
sequence about its N-terminal region is determined with a gas

- phase protein sequencer or the like.
Then, by comparison of these DNA nucleotide

25 sequences and N-terminal amino acid sequences, the initiation
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site for translation of the nucleotide sequence portion
encoding a hydantoinase protein into the protein is determined
and, by considering_the relation to the molecular weight of
the protein, it is confirmed that the enzyme protein is
5 encoded in the gene portion extending from this site to the
termination codon, thereby verifying the desired gene
(Molecular Cloning, A Laboratory Manual, 2nd Ed. , Cold Spring
Harbor Laboratory Press, Chapteré 4 and 13). Thus, DNA
fragments of SEQ ID Nos. 1, 2 and 3 were obtained from
10 Bacillus sp. KNK245, Agrobacterium sp. KNK712 and Pseudomonas - -
sp. KNKOO3A. As is well known, the gene encoding the enzyme
thus obtained and/or DNA fragment containing it are equivalent
to DNA fragments having anotherl nucleotide sequence which
encodes an amino acid sequence corresponding to the above gene
15 and/or DNA fragment because one amino acid usually corresponds
to a plurality of base dodons.
As the vector to be used in the present invention,
p;asmids, phages or derivatives thereof can be used, which'are

derived from microorganisms and can be autonomously grown in

20 cells of bacteria belonging to the genus Escherichia,
Pseudomonas, Flavobacterium, Bacillus, Serratia,

Corynebacterium or Brevibacterium.
For example, host-vector systems described in
"Guidelines on Recombinaht DNA Experiments, -Commentation, Q

25 and A-" (the Life Science Section of the Research Development
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gene fromthese strains, normally, the follow ng procedure is
carried out. 25 Firstly,,genomic DNA is extracted froma

m cr obi al cell and then the DNR is partially hydrolyzed with a
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Office in the Science and Techhology Agency, Ed., revised
September 16, 1987), pages 25 to 27 and 36 to 38 can be used.
In addition, recombinant DNA having a translation initiation
site linked to a suitable position of a vector which has been

5 modified to have a strong structural promoter can be used for
the purpose of increasing the amount of enzyme to be produced.
Both ends of these fragments are cleaved with a restriction
enzyme to produce a recombinant with an appropriate wvector.
A hydantoinase producer recombinant microorganism can be

10 produced by directly transforming a microorganism belonging
to the genus Escherichia, Pseudomonas, Flavobacterium,
Bacillus, Serratia, Agrobacterium, Corvnebacterium or
Brevibacterium.

A hydantoinase producer recombinant microorganism

15 can also be obtained without direct transformation of a
microorganism of the above-described genus; that is, the
desired gene is once cloned in a host vector system using
other microorganisms such as-Escheriéhia coli, after which
recombinant DNA with an appropriate vector is produced.

ZQ The description of the following documents can be
widely applied to the production of recombinants: the
specification of U.S. Patent No. 4,237,244 to S. N. Cohen et
al.; "Idenshi-sousa Jikken-hou (Experimental Method of Gene
Manipulation)” [Ed., Yasuyuki TAKAGI, Kohdan-sha Scientific

25 (1980)]); Method in Enzymology, 68, Recombinant DNA [Ed., Ray'




rgstriction enzyne, for exanple, Sau3Al or the I|ike. The resul ting
fragnments are ligated to vector DNA to obtain reconbi nant DNA
mol-ecul es havi ng vari ous genoni c DNA fragnments as a gene library
(see JP-A 58-126789 and U.S. Patent No. 5 4,237,224).

Then, a reconbinant containing the desired gene is selected from
this gene library. For exanple, the selection can be carried out by
detection of an expressed protein using its enzymatic activity as an
i ndication, or the selection can 10 18e carried out by analyzing the
N-term nal sequence of a proter n, - synt hesi zi ng a correspondi ng DNA
probe and detecting the presence of the desired gene by col ony
hybri di zati on or : the like. In addition, the desired gene can be
obt ai ned by col ony hybridi zation or polynerase chain reaction (PCR)

method 15~ Wisi ng- LRl PE BRlSaM Fdy Y F, SKRENSPletaditiditidhl copOoLB-anss ot

a known hydantoi‘nase base sequence. Onc€ the desired gene is

obt ai ned, its 1P¢FPiHME BROUENES. | S anal yzed. I n addition, a
hydant oi nase producer m croorgani smand a reconbi nant cont ai ni ng

this enzynme gene are culthe/atiegiredhaqemsulisantlo®®d andenupnecesspuy fPRA

and the nol ecul ar weight of the resultant protein is determ ned.
At the sane titherdd® kerinpemowed. Recombinant DNA having its translation
5 * initiation site linked to a suitable position of a wvector
which has been modified to have a strong structural promoter
can be used for transformation of the above host cell to

increase the amount of the enzyme to be produced.

The transformant is cultivated in a conventional

10 nutrient culture medium to express the introduced recombinant
DNA. When a character derived from gene DNA or vector DNA is
conferred to the recombinant DNA, an appropria_te component can
be added to the culture medium according to a particular
character.

15 To take the transformant thus obtained as a source
of ehzyme supply, it can be cultivated by using the conven-
tional culture medium. If necessary, it is also possible to |
carry out a treatment for enzyme'induction such as an addition
of hydantoin compounds, uracil, isdpropyl—l—thio—ﬁ-n-

20 galactosides (IPTG) or the like and a temperature increase.-
Usually, -the culture medium used for cultivating the
transformant can be a conventional culture medium containing
carbon sources, nitrogen source and inorganic ions. In many
cases, desired results can be obtainéd by further adding

25 organic trace nutrients such as vitamins, amino acids and the



sequence about its N-terninal region is determned wth a gas phase

protei n sequencer or the |ike. Then, by conparison of

t hese DNA nucl eotide 25 sequences and N-term nal am no acid sequences,
the initiation - 8- Site
for translation of the nucl eotide sequence portion encodi ng a
hydant oi nase protein into the protein is determ ned and, by
considering the relation to the nol ecul ar wei ght of the protein, it
is confirmed that the enzyne protein_ii 5 encoded in the gene portion
extending fromthis site to the Eernination codon, thereby verifying
the desired gene (Mol ecul ar d oning, A Laboratory Manual, 2nd Ed.,
Col d Spring Har bor Laboratory Press, Chapters 4 and 13). Thus, DNA

fragments of SEQ ID Nos. 1, 2 and 3 were obtained from 10 Baci |  us sp.
KNK245, Agrobpiie! i UAsSgheKbEfbdnagdulbeedyodaiddhydrates such as glucose

and sucrose, organic acids such as acetic acid, alcohols and
the like can be convehiently used. - As the nitrogen sources,
ammonia gas, ammonia water, ammonium salts and the like can
5 be used. As the inorganic ions, phosphate ion, magnesium ion,
potassium ion, iron ion, manganese ion, cobalt ion, nickel
ion, copper ion, aluminum ion, molybdenum ion and the like can
be used.
If cultivation is carried out under aerobic
10 conditions for 1 to 10 days, while adjusting the pH and
temperature to an appropriate range of 4 to 8 and 25 to 60°C,
respectivély, desired results can be obtained.
| The enzymatic activity of an enzyme produced by the
transformant can be e#hibited in the form of, for example, a
15 culture solution of the transformant, its microbial cells, the
enzyme extracted from the microbial cells, immobilized
microbial cells and the like.
As the microbial cells, any of the culture solution
as it is after completion of cultivation, microbial cells
20 separated from the culture solution, washed microbial cells
and.the iike can be used. As the treated microbial cells,
lyophilized microbial cells, acetone-dried microbial cells,
microbial cells -brought into contact with toluene or a
deteréent, lysozyme treated micrbbial cells, ultrasonicated

25 microbial cells, mechanically ground microbial cells_and the



sp. KNKOO3A. As is well known, the gene encoding the enzyne t hus

obt ai ned and/ or DNA fragnent containing it are equival ent to DNA
fragnents havi ng anot her nucl eoti de sequence whi ch encodes an am no
aci d sequence corresponding to the above gene 15 and/ or DNA fragnment
because one am no acid usually corresponds to a plurality of base-
codons. As the vector to be used in the present invention,
pl asm ds, phages or derivatives thereof can be used, which are

derived from m croorgani sms and can be;gutononously grown in 20 cells
of bacteria belonging to the genus™ Escherichia, Pseudononas,
Fl avobact eri um Baci | | us, Serrati a, Cor ynebact eri um or

Br evi bact eri um For exanple, host-vector systens:
described in "CQui del i nes on Reconbi nant DNA Experi nents,

-Comment ati onik@ &8n beanfhelt. (thw lddditSmrencenZgue oextrachke Heaeingh
Devel opnent -0O-
hydantoinase activity obtained from these treated microbial
| cells, +these immobilized microbial cells, insblubilized
treated microbial cells, enzyme proteins fixed on a support
5. for immobilization (.e-.g., anion exchange i‘esin) ‘and the like
can be used. For an immobilization method, for example, the
specification of JP-A 63-185382 and the like can be referred
to.
As the support used for immobilization, suited are

10 phenol-formaldehyde anion exchange resins sucﬁ as Duolite A568
or DS17186 (Rohm & Haas Co.: registered trade mar};); and
various anion exchange resins containing various amines,
ammonium salts, or functional groups ‘of the diethanolamine
type, for example, polystylene resins such as A:ﬁber.'l_.ite

15 IRA935, IRA945, IRA901 (Rohm & Haas Co.: registered trade
mark), Lewatit 0C1037 (Bayer A.G.: registered trade mark) and
Diaion EX-05 (Mitsubishi Chemical Industries, Ltd.: registered
trade mark). Other supports such as DEAE—cellulose can also
be used.

20 Further, in order to obtain stronger and more stable
adsorptidn of enzymés, usually, cross-linking agents are used,
the pi'eferred examples thereof being glutaraldehyde. As the
enzyme to be used, not only purified enzymes, but also those

with different degrees of purification such as partially

25 purified enzymes, suspensions of disintegrated microbial cells



Gffice in the Science and Technol ogy Agency, Ed., revised Sept enber

16, 1987), pages 25 to 27 and 36 to 38 can be used. In addition
reconbi nant DNA having a translation initiation site linked to a
suitabl e position of a vector which has been 5 nodi fied to have a
strong structural pronoter can be used for the purposgrq
t he anobunt of enzyne to be produced. Bot h ends of thege
are cleaved with a restriction enzyme to produce a r '
an appropriate vector. A hydant qi;nase producer recomnbi nant
m croorgani smcan be 10 produced by di rectly transformng a
m cr oor gani sm bel ongi ng to the genus Escherichia, Pseudonobnas,
Fl avobact eri um _ Bacillus, Serratia, Agrobacterium
Corynebacterium or Br evi bacteri um A hydant oi nase
producer rec@Hd Nagl 1riFee0r 8gbra6tsltan ban wad. be T apReparaltion of
direct transformation of a m cr oor gani sm of the above escri bed
genus; that iimmdbilized enziffes Qfhr B darrdkeE otltoaedoirdinghest avechoéen-
system usi ng ot her m croorgani snms such as Escherichia coli, after
whi ch tierEib mettiiod)NA&ox ekampleppbp padsdxrb iy tearzyintesp b0dacsvppoZ 6,
The description of the foll ow ng docunents can be w dely applied to
t he producti deldiovedt i press-1linking treatment.

5 The 5-substituted hydantoin to be used as a

substrate of the enzymatic reaction of the present invention
is not specifically limited and can be any compound normally
used in this kind of reaction. Examples thereof include that

represented by the 'general formula (1):

10

The substituent R in the compound of the formula (1)
can be selected in a wide rangé. In order to provide
industrially useful products such as intermediate compounds
of drugs, preferably, R is phenyl, phenyl substituted with

15 | hydroxy, alkyl, substituted alkyl, aralkyl or thienyl. In the
case of phenyl substituted with hydroxy, the number of hydroxy
may be on.e or more and they can be located at any of o-, m-
and p-positions, with the typical example thereof being p-
hydroxyphenyl. The alkyl group is such a group of 1 to 4
20. carbon atoms that the corresponding D-N-carbamoyl-a-amino acid

is D-N-carbamoyl-alanine, D-N-carbamojl-valine, D-N-carbamoyl-

This Sheet Has Been Re Iacc.d .

L




specification of U S. Patent No. 4,237,244 to S. N. Cohen et al
"1 dehshi - sousa Ji kken-hou (Experinental Method of Gene

Mani pul ation)" [Ed., Yasuyuki TAKAG, Kohdan-sha Scientific 25 (1980)];
Met hod in Enzynol ogy, 68, Reconbinant DNA [ Ed., Ray

- 10 - M/, Academ c Press (1979)], the specification of JP-A 58-
126789 and the |ike. The desired gene is cloned and
unnecessary DNA thereof is renpved. Reconbi nant DNA having its
translation 5 " initiation site Iinkegbéq_a suitable position of a vector
whi ch has been nodified to have a stron tructural pronoter can be
used for transformation of the above host cell to I ncrease the
anount of the enzynme to be produced. The transformant is
cultivated in a conventional 10. nutrient culture mediumto express the

introduced recqERidiy¥, p-N-carbamoyl-isoleucine or the like. The substi-
tuted alkyl group is such an alkyl group of 1 to 4 carbon

atoms substituted with hydroxy, alkylthio, carboxyl, amino,
phenyl, phenyl substituted with hydroxy, amido or the like

5 that the corresponding D-N-carbamoyl-amino acid is D-N-
carbamoyl-sérine, D—N—carbamoyl-threonine, D-N-carbamoyl-
methionine, D-N-carbamoyl-cysteine, D-N-carbamoyl-asparagine,
D-N-carbamoyi-glutamine, D-N-carbamoyl-tyrosine, D-N-
carbamoyl-tryptophane, D-N-carbamoyl-aspartic acid, D-N-

10 carbamoyl-glutamic acid, D-N-carbamoyl-histidine, D-N-
carbamoyl-lysine, D-N-carbamoyl-arginine, D-N~carbamoyl -
citrulline or the liké. The aralkyl group is such a group

having 7 to 8 carbon atoms, for example, benzyl or phenethyl,

that the corresponding D-N-carbamoyl-a-amino acid is D-N-

15 carbamoyl-phenylalanine or the like.

As the aqueous medium, those containing water,
buffers or organic solvents such as ethanol can be used.
Further, when necessary, nutrients required for the growth of
microorganisms, antioxidants, detergents, coenzymes,

20 hydroxylamines, metals and the like can also be added to the

aqueous médium.

In_the case where, while cultivating the microbial
cells of the above microorganisms in a water-soluble medium,
the microbial cells are brought into contact with_a particular

25 5-substituted hydantoin, an aqueous medium containing not only



BNA. Vhen a character derived fromgene DNA or vector DNA is

canferred to the reconbi nant DNA, an appropriate conponent can be
added to the culture nedium according to a particul ar character. 15
To take the transformant thus obtained as a source of enzyme supply,
i t* can be cultivated by using the conven- J tional culture nedium If
necessary, it is also possible to carry out a treatnent for enzyne

i nducti on such as an addition of hydantoin conpounds, uraci

i sopropyl -1-thio-[err]-D 20 galgc%ﬁsLdes (PTG or the like and a
tenperature increase. Usual |y, e culture nediumused for
cultivating the transformant can be a conventional culture nedi um
cont ai ni ng carbon sources, nitrogen source and inorganic ions. In
many cases, desired results can be obtained by further adding 25

organi ¢ tracechuitsiabstEtebedShyabntbs, batl 80saChidtraeateh@equired for
the growth of microorganisms such as carbon sources, nitrogen
sources and inorganic ions is used. If organic trace
nutrients such as vitamins and amino acids are further added
5 thereto, satisfactory results can be obtained in many cases.
As the darbon.sources, carbohydrates such as glucose, sucrose;
organic acids such as acetic acid; alcohols and the like are
conveniently used. As the nitrogen sources, ammonia gas,
ammonia water, ammonium salts and the like can be used. As
10 the inorgani¢ ions, phosphate ion, magnesium ion, potassium
ion, iron ion, manganese ion, cobalt ion, nickel ion, copper
ion, aluminum ion, molybdenum ion and the like can be used.
The cultivation is carried out under aerobic
conditions, while adjusting the pH and temperature to an
15 appropriate range _of 4 to 8 and 25 to 60°C, respectively. 1If
the cultivation is carried out for 1 to 10 days, S5-substituted
hydantoins are converted into only D-N-carbamoyl-a-amino acids

with high efficiency.
On the other hand, in the case where the culture
20 solution of the above—microorganisms is allowed as it is to
react with cultivated microbial cells, treated microbial
cells, enzyme extracts, immobilized | microbial cells,
insolubilized microbial cells or fixed enzyme proteins in an
aqueous medium containing a 5-substituted hydantoin dissolved

25 or suspended, the reaction mixture can be allowed to stand for



l.i ke. As the carbon sources, carbohydrates such as gl ucose and
sgcrose, organic acids such as acetic acid, alcohols and the like
can be conveniently used. As the nitrogen sources, anmoni a gas,
amori a water, ammonium salts and the like can 5 be used. As the

i Aor gani ¢ ions, phosphate ion, magnesi umi on, potassiumion, iron

I on, manganese ion, cobalt ion, nickel i on, copper ion, alum num

i on, nol ybdenumion and the |ike can be used. | f
cultivation is carried out under aerobig _10 conditions for 1 to 10
days, while adjusting the pH and tenperature to an appropriate range
of 4 to 8 and 25 to 60[err]C, respectively, desired results can be
obt ai ned. The enzymatic activity of an enzynme produced by
t he transformant can be exhibited in the formof, for exanple, a
15 cul t ur eseimd Uutime @r tSeitredsl ahdaet mdirtdliimimpi at el | sppibpriate

enzyne extracted fromthe mcrobial cells, immobilized m cr obi al
cells and t hetéemperature of 10 to 80°C/Asnd hgH no£rdbtal9 c®! | sThasy df Shto
cul ture sol ution as it is after conpletion of cultivation,
m crobi al cell@0 Zdurs sdpwent aunf r thetlite coursee sbtspécihfigashydrolysis
m crobial cells and the |like can be used. As the treated m crobia
cells, reaction of the substrate by hydantoinase and chemical
5 racemization of the substrate proceed and any of D-, DL- or
L-5-substituted hydantoins are converted into the correspond-
ing D-N-carbamoyl-a-amino acids to accumulate a large amount
of the amino acids in the aqueous medium. In addition, 5-
substituted hydantoins can be added in separate portions with
10 the progress of reaction.
The produced D-N-carbamoyl-a-amino acid can be
isolated and purified by a conventional separation method.
D-a-amino acids can be easily obtained by using the
isolated and purified D-N-carbamoyl-a-amino acids obtained by
15 the above-described method or the reaction mixtures obtaiﬁed
by the hydantoinase reaction as they are by the action and
converting the D-ﬁ-carbamoyl-a-amino acids into the corre-
sponding D-a-amino acids chemically or enzymatically with
-enzymes_having decarbamylase activity.

20 The following Examples further illustrate the

present invention in detail.

Example 1
Isolation of microorganism having hydantoinase

activity from soil



lxyophi | i zed m crobial cells, acetone-dried mcrobial cells,

m.crobial cells brought into contact with toluene or a _ det er gent,
| ysozyme treated microbial cells, ultrasonicated 25 m crobi al cells,
gechani cally ground m crobial cells and the

- 12 - | i ke can be used. In addition, enzyne extracts having
hydant oi nase activity obtained fromthese treated mcrobial cells,
these inmobilized mcrobial <cells, insolubilized treated

m crobial cells, enzyme proteins fixedyon_a support 5 for

| mobi lization (e.g., anion exchange resin) and the |ike can be
used. For an immobilization nethod, for exanple, the specification
of JP-A 63-185382 and the like can be referred to.

As the support used for immobilization, suited are 10
phenol - f or mal dehyde anizftex cdhisgpeEndigg 6. 5 uf flofisa Rample dHoil in 2 ml

of a physiological saline, the suspension was allowed to stand

and one drop of the supernatant was smeared on an isolation

agar plate medium (1.0% of meat extract, 1.0% of peptone, 1.0%

5 of yeast extract, 0.3% qf sodium chloride, 2.0% of agaf; pH

7.5). This was cultivated at 50°C for 2 days and the colony

obtained was transferred to the same isolation plate medium

to which 0.1% of uracil and 20 ppm of manganese chloride and

then further cultivated at 50°C for 1 day. The microbial

10 cells thus obtained were suspended in 100 pl of a reaction

substrate solution [DL-(p-hydroxyphenyl)hydantoin 30 mM,

sodium sulfite 0;1%, carbonate buffer 50 mM] and they were

reacted at 50°C for 2 hours. Then, the reaction mixture was

spotted on a TLC plate and developed with a developing solvent

15 of butanol : acetic acid : water (4 : 1 : 1), followed by

developing color with a 10% solution of p-dimethylamino-

benzaldehyde in conc. hydrochloric acid and detecting a vellow

spot to select microbial strains producing N-carbamoyl-p-

hydroxyphenylglycine. Thus, among 2740 colonies, Bacillus sp.

20 KNK245 (FERM BP-4863) having high hydantoinase activity was
isolated.

Example 2
N-Terminal amino acid sequencing of hydéntoinase

derived from Bacillus sp. KNK245



or DS17186 (Rohm & Haas Co.: registered trade mark); and vari ous

ahiron exchange resins containing various am nes, ammoni um sal ts, or
functional groups of the diethanol ani ne type, for exanple,

pol ystyl ene resins such as Anberlite 15 | RA935, 1 RA945, | RA901 (Rohm &
Haas Co.: registered trade mark), Lewatit OCl037 (Bayer A G:

regi stered trade mark) and Di ai on EX-05 (M tsubishi Chem cal

I ndustries, Ltd.: registered trade mark). O her supports such as
DEAE- cel | ul ose can al so be used;g 20 ‘Further, in
order to obtain stronger- and nore stable adsorption of enzynes,
usual Iy, cross-linking agents are used, the preferred exanpl es

t her eof bei ng gl utaral dehyde. As the enzyme to be used, not only
purified enzymes, but al so those with different degrees of

purification such as pa iabp¥ul?6f Badilils &b .cRNKZES, wasSpedsubatedfinto
disintegrated mcrobial cells -
13 - 100 ml of a seed culture medium (1.0% of meat extract, 1.0%
of peptone, 0.5% of yeast extract; pH 7.5) Iin a 500 ml
Sakaguchi flask and cultivated at 55°C for 19 hours. Then,
5 - 2% thereof was inoculated into 500 ml of a main culture medium
(1.0% of meat extract, 1.0% 6f peptone, 0.5% of uracil, 20 ppm
of manganese chloride tetrahydrate; pH 7.5) in a 2 liter
Sakaguchi flask and cultivated at 55°C for 19 hours.
Microbial ceils were collected from 9 liters of the culture
10 broth thus obtained by centrifugation. They were.suspended
in 0.2 M Tris-HCl (pH 8.0) with 20 mM manganese sulfate,
ultrasonicated and centrifuged to obtain a cell-free extract.
Then, the extract was purified up to 32 times by means of .
ammonium sulfate precipitation fractionation, DEAE-Sepharose
15 and phenyl—Sepharése. Further, hydantoinase crystals were
obtained by using ammonium sulfate. The crystals were
dissolved in water and analyzed by using 470 A Model Gas Phase
Protein Sequencer (manufactured by_Applied Biosystems). As
a result, it was found that the hydantoinase had the amino
20 acid sequence of:
T 5 10
Met-Lys-Lys-Ile-Ile~Lys-Asn-Gly-Thr-Ile~Val-Thr-

at its N-terminal.

Example 3

25 To obtain plasmid containing gene for hydantoinase



and cell-free extracts can be used.  The preparation of I mobi | i zed

erzynmes can be carried out according to a conven- tional nethod, for
exanpl e, by adsorbing enzynmes on a support, fol |l oned by
gross-linking treatnment. 5 The 5-substituted hydantoin to
bé used as a substrate of the enzymatic reaction of the present

I nvention is not specifically limted and can be any conpound

nor mal | 'y used in this kind of reaction. Exanples thereof include

t hat represented by the general éornula (1): 10

The substituent R in the conmpound of “the Formul a (1) can be
selected in a w de range. In order to provide I ndustrially useful
products such as internedi ate conpounds of drugs, preferably, Ris
phenyl, phenyl substituted with 15 hydr oxy, al kyl, substituted al kyl,
aralkyl or thienyl. Inddjyeq £xom  Ag#6pabtaRe i Isﬁumﬂtﬂ eﬁsmtﬁprwb@w,
t he nunber of hydroxy beone or nore and they can be located at
any of o-, m It was found that a hydantoinase gene was located

on the DNA fragment cloned in the plasmid pAHD10l1l described

in W092/10579 by a study according to the following method.

5 Escherichia coli IJM109 was transformed with pAHD101 according
to a conventional method, inoculated into 50 ml of L-broth (10
g/liter of peptone, 5 g/liter of yeast extract, 5 g/liter of
sodium chloride; pH 7.0) containing 100 mg/liter of ampicillin
and cultivated at 37°C for 16 hours. Then, 50 ml of the

10 culture broth was collected, followed by removing the superna-
tant, suspending the microbial cells in 50 ml of a substrate
solution (0.5% of 5§(p-hydroxyphenyl)hydantoin, 0.05% of
Triton X-100, 0.05 M phosphate buffer; pH 8.7) and reacting
at 37°C for 3 hours in a stream of nitrogen. The reaction

15 mixture was spotted on a TLC plate, developed and subjected
to color development with a solution of p-dimethylamino-
benzaldehyde in 'hydrochloride to detect a spot of D-N-
carbamoyl-(p-hydroxyphenyl )glycine in agreemen;t with an
authentic sample. In view of the above, it was confirmed that

20 the fransformant of pAHD10l expresses a gene encoding a
hydantoinose.

A 2.1 kbp fragment obtained by cleaving the plasmid
pPAHD101 with‘SacI and SalIl to shorten the inserted fragment
was ligated to pUC18 fragment cleaved by Sacl and Sall to

25 obtain the plasmid pAH1043 (see Fig. 1).



and p-positions, with the typical exanple thereof being p-

hydr oxyphenyl . The al kyl group is such a group of 1 to 4 20 car bon
atons that the correspondi ng D-N-carbanoyl -a-am no acid S

- N- car banoyl - al ani ne, D- N-car banoyl -val i ne, D-N-carbanoyl -

- E4- | euci ne, D-N-carbanoyl -i soleucine or the like. The substi -
tuted al kyl group is such an alkyl group of 1 to 4 carbon ) at ons
substituted with hydroxy, alkylthio, carboxyl, am no, phenyl ,
phenyl substituted with hydroxy, am do 8'- the like 5 " that the
correspondi ng D-N-car banoyl - am no CI% s DN car banoyl - seri ne,
D- N- car banoyl -t hreoni ne, D-N- car banoyl - nmet hi oni ne,

D- N- car banoyl - cyst ei ne, D N-car banoyl - aspar agi ne,

D- N- car banoyl - gl ut am ne, D- N- car banoyl -t yr osi ne, D N

carbanoyl - trypt ophane, 1 MdartBmy! thePahhbteottdd, séyhbncify of the
car banoyl - gl ut am c aci d, D-N-carbannyl hi sti di ne, D N
' hydantoinase gene was carried out by using DNA sequence kit
(manufactured by Applied Biosystems). The results are shown
in SEQ ID No. 1
5 : Escherichia coli HB10l was transformed with the

plasmid pAH1043 to obtain a transformant, Escherichia coli

HB10l1l pAH1043 (FERM BP-4865).
Example 4 |
Preparation of recombinant DNA of genomic DNA of
10 Bacillus sp. KNK245 and vector DNA
_Bacillus sp. KNK245 (FERM BP-4863) was cultivated
in 2 liters of a broth (10 g/liter of meat extract, 10 g/liter
of peptone, 5 g/liter of yeast extract; pH 7.5) at 45°C for
24 hours and microbial cells were collected. Genomic DNA was
15 extracted from the microbial cells obtained according to
Marmur method. Ten units of BamHI was added to 1 pg of the
genomic DNA and they were reacted at 37°C.for 16 hours.
On the other hand, the plasmid pUCl19 was completely
- cleaved with BamHI and ligated thereto the above-obtained
20 genomic DNA- fragment with T4DNA ligase to obtain a mixture of
various récombinant blasmids.
Example 5
To obtaiﬁ hydantoinaée gene derived from.

Bacillus sp. KNK245



car banoyl -1 ysi ne, D-N- carbanoyl - ar gi ni ne, D- N- car banoyl -

cictrulline or the like. The aral kyl group is such a group havi ng 7
to 8 carbon atons, for exanple, benzyl or phenethyl, that the
correspondi ng D-N-carbanoyl -[err]-amno acid is DN 15

car banoyl - phenyl al ani ne or the I|ike. As the aqueous

medi um those containing water, buffers or organic solvents such as
et hanol can be used. Further, when necessary, nutrients required
for the growth of nlcroorganlsgf ant i oxi dants, detergents,
coenzynmes, 20 hydr oxyl am nes, s and the |ike can also be added to
t he aqueous nedi um In the case where, while
cultivating the m crobial cells of the above microorganisns in-a
wat er - sol ubl e nmedi um the mcrobial cells are brought into contact
wth a particular 25 pBasdd Seipsthé uhadleytbdé osequancasueduhydaditohnase
contai ning not only - 15 -

genes derived form Agrobacterium sp. KNK712 (FERM BP-1900) of

Example 3 and Lul220 stfaih disclosed in JP-A 62-87089, two

kinds of primers 1 and 2 (see Table 1) having sequences of

5 each complementary strand of the above nucleotide sequences

oriented toward opposite directions from 1155 bp interrupting

nucleotides were synthesized. A polymerase chain reaction

(PCR) was carried out by using two primers which were synthe-

sized by using genomic DNA derived from Bacillus sp. KNK245

10 prepared in Example 4 as a template to obtain about 1.2 kbp

fragment. The nucleotide sequencing of this fragment was

carried out by using DNA sequence kit (manufactured by Applied

Biosystems). As a result, it had high complementation to a

known hydantoinase gene and it was found that the fCR fragment

15 obtained was a part of the hydantoinase gene. Then, two

primers 3 and 4 (Table 1) having oppositely directed sequences

of respective complementary strands of this fragment were
synthesized.

.Further, primer 5 (Table 1) havihg the sequence of_

20 the vector portion in the recombinant DNA of Example 4 was

synthesizéd and, by using the above synthesized primers and

the latter primef and using the recombinant DNA of Example 4

‘as a template, PCR was carried out to obtain two kinds of DNA

fragments containing the front half and back half parts of the

25 hydantoinase gene, respectively. These DNA fragments were



the 5-substituted hydantoin but also nutrients required for t he
"growt h of m croorgani sns such as carbon sources, nitrogen sour ces
and inorganic ions is used. If organic trace nutrients such as
Vvitam ns and am no acids are further added 5 thereto, satisfactory
‘results can -be obtained in many cases. As the carbon sources,

car bohydrates such as gl ucose, sucrose; organi ¢ acids such as acetic
acid; alcohols and the |ike are convenient|y used. As the nitrogen
sources, anmmoni a gas, ammoni a water, amonium salts and the |ike can
be used. As 10 t he i norganic ions, phosphate ion, magnesiumi on,

pot assi um lon, iron ion, nmanganese ion, cobalt ion, nickel ion,
copper ion, alum numion, nolybdenumion and the |ike can be used.
The cultivation is carried out under aerobic conditions, while

adj usting t hgupybatéat s enatiesti8edsegifencindiPPr GHded € ohang@cbéotide 8
and 25 to 60[err]C, respectively. |If the cultivation is carried

out for 1 tosdQuénrés Sxpebtédtfisil the N-terfidthalt aminocaheidosequendei 60
only D-N-carbanoyl - a-am no aci ds ' wi th high efficiency.

On t he ot herthandydantbhpnasasprobein ofcExammple 2, 2€he tramsliatbonofodbn .
above-m croorganisns is allowed as it is to react with cultivated
m crobi al cevas detexmdced.cr ofogether with the results of the above-

5 determined nucleotide sequences, the entire nucleotide

sequence of the gene encoding hydantoinase was determined.

The results'are shown in SEQ ID No. 2.

Then, based on the nucleotide sequence thus
obtained, primer 6 (Table 1) having a sequence about the
.10 initiation codon of the hydantoinase gene and Ndel restriction
site and primer 7 (Table 1) having a sequence about Pstl
restriction site in the hydantoinase gene were synthesized and
PCR was carried out by using the genomic DNA of Example 4 as
a template to obtain a 1.2 kb fragment 1. Then, primer 8
15 (Table 1) having an oppositely directed sequence 'at the above
Pstl restriction site and primer 9 (Table 1) having a sequence
corresponding to the downstream of the termination codon and
HindIII restriction site were synthesized and PCR was carried
out by using the genomic DNA of Example 4 as template to
20 obtain a 0.25 kb fragment 2. Fragment 1 was restricted with
Ndel and PétI, fragment 2 was restricted with Pstl and HindlII
and pPUCNT which was an improved vector plasmid of pUC19
described in W094/03613 was restridted with Ndel and HindIII.

The restricted fragments were ligated with T4DNA ligase to



~cells, enzyme extracts, i mobi l'ized mcrobial cells,
“i.nsol ubil.ized mcrobial cells or fixed enzynme proteins in an

agueous nedi um cont ai ning a 5-substituted hydantoin dissolved 25 or
suspended, the reaction mxture can be allowed to stand for

- 16 - sone time or stirred, while maintaining at an appropriate
tenperature of 10 to 80[err]C and pH of 4 to 9.5. Thus, if 5 to 100
hours have run their course, D-specific hydrolysis reaction of the
substrate by hydantoi nase and cheni ca 3 5 racem zation of the substrate
proceed and any of D-, DL- or -5-substituted hydantoins are
converted into the correspond- i ng D-N-carbanoyl -a-am no acids to
accurul ate a | arge anmount -of the am no acids in the agqueous mnedi um
In addition, 5- substituted hydantoins can be added in separate

portions W tintdfn plhBmidr @392 ont@d%Hing the hydantoinase gene (see
Fig. 2).



The produced D- N carbanoyl -a-am no acid can be I sol ated and purified

by a conventional separation nethod. D-a-am no acids can
be easily obtained by using the i sol ated and purified
D- N- car banoyl - a- am no aci ds obtai ned by 15 t he above-descri bed net hod
or the reaction m xtures obtai ned by the hydantoi nase reaction as
they are by the action and converting the DN carbanoyl -a-am no
acids into the corre- spondi ng D-a-anmino acids chemcally or
enzymatically with enzymes hayiﬂg decar banyl ase activity. 20
The following Exanples further illuStrate the present invention
in detail. Exanple 1 | sol ation of

© m-croorgani sm havi ng hydant oi nase activity from soi
- 17 -

Table 1
Primer 1

G A G
5'-AAA(DIGGAACHAT(TIGT(R)ACCGC—3
c ¢ C

Primer. 2 G
5'~GCGTC($)GAACC(})ACCGCGATCGT-3'
C Cc
Primer 3
5'-TAACATCCTTTTGCATCAACCACTTC-3°'
Primer 4
S'-AAAAAAGGAAGAATCACGTTAAA-3'
Primer 5 '
5'—-GTTTTCCCAGTCACGAC-3'
Primer 6 '
S'-TACGAGCATATGAAAAAGATCATTAAGAACGG
AAC-3
Primer 7
F—GTGTGTTTCTGCAGAAATTACCCGTTC—3'
Primer 8
S'"-TAATTTCTGCAGAAACACACCATAT-3’
Primer 9
5 ~-GCTGAAAGCTTCGAAATAAGCCATTTTCGAGC
AG-3"
Primer 10
5'~-TAATTTCTGCAGAAACACACCACATGGCCGT
CG-3

Primer 11
5'-CGAGCAAGCTTCTACTAAATGGTTAATTTCTC

AT—-3'
Primer 12

5'~-GGAAGCTTTCATTAAATGGTTAATTTCTCATC
TTGTT-3°

Primer 13 ) '
5" -TACGAGGGATCCTATAAATTCCAACAAGTGC
TATA-3°



After suspending 0.5 g of a sanple of soil in2n of a
physi ol ogi cal saline, the suspension was allowed to stand and one
drop of the supernatant was sneared on an isol ation agar plate
pedium (1. 0% of neat extract, 1.0% of peptone, 1.0% 5 of yeast extract,
0:3% of sodium chloride, 2.0% of agar; pH 7.5). This was cultivated
at 50[err]C for 2 days and the col ony obtai ned was transferred to

t he sane isolation plate medium to which 0.1% of uracil and 20 ppm
of manganese chl oride and thendurther cultivated at 50C for 1 day.
The m crobial 10 cells thus obtai'ned were suspended in 100 [err]l of a
reaction substrate solution [DL-(p-hydroxyphenyl)hydantoin 30
g\l sodiumsulfite 0.1% carbonate buffer 50 MM and they were
reacted at 50C for 2 hours. Then, the reaction m xture was spotted
on a TLC plate and devEkampdewe6t h a devel opi ng sol vent 15 of but anol
acetic acid : water (4 : 1 : 1), followed by devel oping color with
a 10% sol uti on of p-di Peeppration- of recombiaantl Oy dor exprEssion of
hydrochl oric acid and detecting a yell ow spot to select mcrobial

strains produci ng N-caBeedd}uspsp. KNK245hhyndantolieagegigeriene. Thus, anong
2740 col onies, Bacillus sp. 20 KNK245 ( FERM BP-4863) havi ng hi gh

hydant oi nase activity fgsording toi the ssame manner for obtainirgk£mpigment
5 "2 in Example 5, PCR was carried out to obtain a 0.25 kb
fragment 3 except that, instead of the primer having PstI
restriction site used for the production of fragment 2, _
synthesized primer 10 (Table 1) wherein one nucleotide at Ndel
reétriction site near Pstl restriction site was substituted
10 to block cleavage with Ndel was used and instead of the primer
having the sequence about the termination codon, synthesized
primer 11 (Table 1) wherein the number of nucleotides at the
downstream of the termination codon were further reduced was
used; Then, according to the same manner for obtaining pTH102
15 in Example 5, the plasmid pTH103 was obtained from the
| fragments 1 and 3 and pUCNT (see Fig. 3).

Further, according to the same manner for obtaining
pTH103, pTH104 was obtained exdept that, instead of the primer
11 having the downstream sequence about the termination codon,

20 primer 12 (Table 1) was used.

Escherichia coli HB10l transformed with pTH104 was

designated as Escherichia coli HB10l pTH104. This strain has

been deposited at National Institute of Bioscience and Human-
Technology as of November 2, 1994 under the accession number

25 of FERM BP-4864.



N Term nal am no acid sequenci ng of hydant oi nase derived
from Bacil |l us sp. KNK245 ' - 18 -
A’l oopful of Bacillus .sp. KNK245 was inocul ated into 100 m of a
seed cul ture nedium (1.0% of neat extract, 1.0% of peptone, 0.5% of
yeast extract; pH 7.5) in a 500 ni Sakaguchi flask and cultivated at
55C for 19 hours. Then, 5 2% t hereof was inoculated into.500 m of a
mai n cul ture nmedi um (1. 0% of neat extract, 1.0% of peptone, 0.5% of
uracil, 20 ppm of manganese chlggide tetrahydrate; pH 7.5) in a 2
liter Sakaguchi flask and cultivated at 55[err]C for 19 hours.

M crobial cells were collected from9 liters of the culture 10 broth

t hus obtained by centrifugation. They were suspended in 0.2 M
Tris-HCO (pH 8.0) with 20 mM nanganese sul f at e, ul trasoni cated and

centrifuged to obtain Exmigld rke extract.
To obtain plasmid containing gene for hydantoinase
derived from Pseudomonas sp. KNKOO3A (FERM BP-3181)
According to the same manner as described in Example
5 3, it was found that hydantoinase gene was located on the
plasmid pPHD30l1 described in W092/10579.
Escherichia coli HB10l was transformed by pPHD301

to obtain Escherichia coli HB101pPHD301 (FERM BP-4866). The

restriction enzyme map of pPHD301 is shown in Fig. 5.

10 The nucleotide sequencing of the hydantoinase gene
was carried out according to the same manner as described in
Example 3. The results are shown in SEQ No. 3. |

Example 8
Conversion of 5-(p-hydroxyphenyl )hydantoin into
15 D—N-carbamoyl—(p-hydroxyphenyl)glyciné by
transformant obtained
- The transformant obtained in Example 6, Escherichia.
coli HB1OlpTH104 was inoculated into 50 ml of 2¥YT broth (16
g/liter of polypeptone, 10 g/liter of yeast extract, 5 g/liter

20 of sodium chloride; pH 7.0) containing 100 pg/ml of ampicillin
and 400 ppﬁ manganese chloride tetrahydrate and cultivated at
37°C for 24 hours. The microbial cells were collected from
50 ml of this culture broth and suspended in 0.05 M carbonate
buffer (pH 8.7) to make up the volume to 50 ml. Triton X-100

25 was added so that the final concentration was 0.05%. .To this



Then, the extract was purified up to 32 tinmes by nmeans of anmoni um

syl fate precipitation fractionation, DEAE-Sepharose 15 and .

phenyl - Sephar ose. Further, hydantoinase crystals were ~ obtained by
usi ng ammoni um sul f at e. The crystals were di ssolved in water and
amal yzed by using 470 A Model Gas Phase Protei n Sequencer

(manuf actured by Applied Biosystens). As aresult, it was found that
t he hydant oi nase had the amino 20 aci d sequence of: 1

5 10 - _
th-Lys-Lys-IIe-IIe-Lys-Asn-C]y-Thr-II%ZM@J-Thr- _ at its N-term nal
Exanple 3 25 To obtain plasm d containing gene for

hydant oi nase - 19 -

derived from Agrobacterium sp. KNK712 ( FERM Bp-1900)
' was added 1.5 g of 5-(p-hydroxyphenyl)hydantoin and the

mixture was allowed to react with stirring at 40°C for 3 hours

- in the stream of nitrogen with adjusting the pH at 8.7 by 6N
sodium hydroxide. After completion of the reaction, the

5 reaction mixture was centrifuged and the supernatant was
subjected to a colorimetric determination of D-N-carbamoyl-(p-
hydroxyphenyl )glycine therein by color development with 10%
solution of p-diemthylaminobenzaldehyde in conc. hydrochloric

acid. As a result, D-N-carbamoyl-(p-hydroxyphenyl )glycine

10 ‘was produced in the conversion yield of'97.5%._

The reaction mixture was adjusted to pH 5 with
hydrochloric acid. After centrifugation, the supernatant was
concentrated, adjusted to pH 2 with conc. hydrochloric acid
and stored at 4°C. The precipitated crystals were filtered

15 off and recrystallized from water-ethanol to obtain 970 mg of
D-N-carbamoyl-(p-hydroxyphenyl)glycine, m.p. 176-177°C, [a],®
= ~177.0° (c=0.5, 5% ethanol).

Example ‘9

Preparation of immobilized hydantoinase

20 | Microbial cells were collected from 1 liter of a
culture broth of Escherichia coli HB101pTH104 obtained
according to the same maﬁner as described in Example 7,
suspended in aqueous 1 mM manganese sulfate to make up the
volume to 60 ml, adjusted to pH 8.5 and disrupted by

25 ultrasonication. To the enzyme solution thus obtained was



It was found that a hydantoi nase gene was | ocated on the DNA
fragment cloned in the plasm d pAHD101 descri bed I n W92/ 10579 by a
study according to the followi ng nethod. 5 Escherichia coli JMLO9 was
transfornmed with pAHD101 accordi ng to a conventional nethod,

irpocul ated into 50 mM of L-broth (10 : g/liter of peptone, 5 g/liter
of yeast extract, 5 g/liter of - sodi um chl oride; pH 7.0) containing
100 ng/liter of ampicillin and cultivated at 37[err]C for 16 hours.
Then, 50 ml of the 10 culture broth,was collected, foll owed by renoving
t he superna- . tant, suspending t Ticrobial cells in 50 M of a
substrate solution (0.5% of 5-(p-hydroxyphenyl)hydantoin, 0.05% of
Triton X-100, 0.05 M phosphate buffer; pH 8.7) and reacting at 37C
for 3 hours in a streamof nitrogen. The reaction 15 m xture was

spotted on a JHfo IFa)Ztcg_, fégl oggd &Q%ﬁ“t&ﬁgﬂ%e resif,0 I EeVal-maeent

with a solution o -di yl am no- enzal dehyde in hydrochloride to

detect a spotgh i 3 ¥¥ated to plABDENEN -ty Rkcnephasystgkyeanetir6°C for
agreenent with an aut ﬁentlc sanple. In view of the above, it was

confirmed thaio Réurs itbe ddswidf otmnéns§me AHDTOL i esiztunegwas addeflng
a hydant oi nase. A 2.1 kbp fragnent obtai ned by
cl eavi ng t he glwisaralldehyde pdHBbOt wheh Bal sgencantrabignotheregfe was
i nserted fragnent .
5 0.1% and the mixture was stirred for 1 hour to proceed
crosslinking reaction. Then, the resin was collected and
washed to obtain 20 g of an immobilized hydantoinase.

Example 10

Conversion of 5-(p-hydroxyphenyl )hydantoin into
lb D-carbamoyl-(p-hydroxyphenyl Jglycine by immobilized
enzyme
Five grams of the immobilized hydantoinase obtained
in Example 9 was added to 100 ml of aqueous 1 mM manganese
sulfate at 40°C which was bubbled with nitrogen. To this was
15 added 3 g of 5-(p-hydroxyphenyl)hydantoin and the reaction was
| carried out with stirring at 40°C for 3 hours with bubbling
nitrogen. After completion of the reaction, the reaction
mixture was allowed to stand and sucked off to collect the
reaction mixtufe. According to the same manner as described
20 in Example 8, the carbamoyl amino acid product was purified
to obtain 2.2 g of D—Isi—carbamoyl-(p—hydroxyphenyl)glycine.
Example 11
Expreésion of Bacillus sp. KNK245 hydantoinase gene

in Bacillus subtilis



was |ligated to pUC18 fragnent cleaved by Sacl and Sall to 25 obtain the
pl.asm d pAH1043 (see Fig. 1). . -

20 - ~ In addition, the nucl eotide sequencing of the
hydant oi nase gene was carried out by using DNA sequence Kit

(+manuf act ured by Applied Biosystens). The results are shown in SEQ
IDNo. 1 5 Escherichia coli HB101 was transforned with the
pl asm d pAHL1043 to obtain a transfornmant, Escherichia coli HB101
pAH1043 ( FERM BP- 4865) . Exanpl e 4 .

Preparation of reconbi nant DNA of géhd%ﬁc?lJNA of 10 Baci | | us
sp. KNK245 and vector DNA _ Baci | l us sp. KNK245 ( FERM
BP-4863) was cul tivated in 2 liters of a broth (10 g/liter of neat

extract, 10 g/liter
' ' According to the same manner as described in Example

5, PCR was carried out by using the genomic DNA of Bacillus
sp. KNK245 as a template and using primers 12 and 13 (Table
1) to obtain a 1.7 kb fragment. This was cleaved with BamHI
5 and HindIII and ligated to the plasmid pHY300PLK (Takara
Shuzo) which had been cleaved in a similar manner to obtain
the plasmid pTHB301l. 1Its restriction enzyme map is shown in
Fig. 6. |
This plasmid pTHB30l was introduced into Bacillus
10 .subtilis 1ISW1l214 (available from Takara Shuzo), Bacillus
subtilis ¥YS-11 (IaM12019) or Bacillus subtilis 3115 (IAM12020).
by electroporation (using Shimadzu Corporation GTE-10 Model,
10 KV/cm, 2 ms) and cultivated in the culture medium as shown
in Example 4 to which 0.02 g/liter of manganese 'chloride
15 tetrahydrate ‘was added at 37°C for 20 hours. A cell-free
extraction was prepared by collecting the microbial cells and
disrﬁpting them with ultrasonication. As a result, eash
hydantoinase activity was about 2.2 times higher than that
obtained by sultivation of Bacillus sp. KNK245 under the same
20 conditions. | |
Example 12
Expression of Bacillus sp. KNK245 hydantoinase
gene in thermophile
Bacillus steafothermoghilus IF012550 was transformed

25 with the plasmid pTHB301l prepared in Example 11 by protoplast



of peptone, 5 g/liter of yeast extract; pH 7.5) at 45[err]C for 24

~hours and microbial cells were collected. Genomic DNA was 15 - extracted
fromthe mcrobial cells obtained according to Mar mur net hod. Ten
units of BamHl was added to 1 [err]g of the genom ¢ DNA and t hey
were reacted at 37[err]C for 16 hours. On the ot her hand,
the plasmd puUC 9 was conpletely cl eaved with BanH and |igated
thereto the above-obtained 20 genom ¢ DNA fragnent with T4DNA | i gase
to obtain a m xture of variqy§ﬁfqponbinant pl asmi ds.

Exanpl e 5 To obtai n hydant oi nase gene derived from
Baci | l us sp. KNK245 - 21 -

Based on the nucl eoti de sequences of hydant oi nase genes derived form

Agr obacterium sp. KNK712 (FERM BP-1900) of
' method according to J. Bacteriol., 149, 824 (1982) and

.cultivated according to the same manner as described in

Example 11 to prepare a cell-free extract. The hydantoinase

activity was about 3.6 times higher than that of Bacillus sp.
5 KNKZ45 prepared under the same conditions.

As described hereinabove, according to the present
invention, a microorganism _having very high hydantoinase
activity can be created and, by using this as a source of
enzyme, D-N-carbamoyl-a-amino acids can be produced, effi-

10 ~ciently.
Deposit of Microorganisms

Agrobacterium sp. KNK712 has been deposited as of

May 31, 1988 under the accession number of FERM ‘BP-1900;
Pseudomonas sp. KNK0.0SA has been deposited as of December 1,
15 1990 under the accession number of FERM BP-3181; Bacillus sp.
KNK245 has been deposited as of November 2, 1994 under the
accession number of FERM BP-4863; and Escherichia coli HB101l
pAH1043 has been deposited as of November 2, 1994 under the
accession number of FERM BP-4866 at the following Depsoitary
20 Authority under Budapest Treaty, respectively.
Name: National Institute of Bioscience and Human-Technology
(formerly Fermentation Research Institute), Agency of
Industrial Science & Technology, Ministry of International

Trade & Industry



Exanmpl e 3 and Lul220 strain disclosed in JP-A 62-87089, two ki nds of
prinmers 1 and 2 (see Table 1) having sequences of 5 each conpl enentary
strand of the above nucl eoti de sequences oriented toward opposite
directions from 1155 bp interrupting nucl eoti des were synt hesi zed. A
pel ymerase chain reaction (PCR) was carried out by using two priners
whi ch were synt he- si zed by using genonm c DNA derived from Bacill us
sp. KNK245 10 prepared in Exanple 4 as a tenplate to obtain about 1.2
kbp fragment. The nucl eotide ggquencing of this fragnment was
carried out by using DNA sequence kit ?nanufactured by Applied

Bi osystens). As a result, it had high conplenentation to a known
hydant oi nase gene and it was found that the PCR fragment 15 obt ai ned
was a part of the hydantoi nase gene. Then, two priners 3 and 4
(Table 1) hawddremzxosl+®) yHilgaehied mwcmukuba-shw&béeamcwe\fﬁ 305,
conpl enentary strands of this fragnent were synt hesi zed.

Further, prid@pa®h (Table 1) having the sequence of 20 t he vector
portion in the reconbi nant DNA of Exanple 4 was synt hesi zed and, by
usi ng the above synthesi zed priners and the latter primer and using
t he reconbi nant DNA of Exanple 4 as a tenplate, PCR was carried out
to obtain two kinds of DNA fragnents containing the front half and
back half parts of the : '



25 hydant oi nase gene, respectively.
.22 - subj ected to nucl eoti de sequenci ng.
séquences expected fromthe N-termnal
hydant oi nase protein of Exanple 2,
det er mi ned. Together with the results of the above-
nucl eoti de sequences, the entire nucleotide
encodi ng hydant oi nase was det erm ned.
shown in SEQ I D No. 2.

sequence t hus

hen,

These DNA fragnments were

Based on nucl eoti de

am no acid sequence
the translation codon.

5
seq
The

_ en, based on the
obtained, prinmer 6 (Table 1) having a

of the
THiS aw%?fﬁg S BEEN |
ence REPLARED gep

results are
nucl eoti de
sequence about
restriction

the 10 initiation codon of the hydantoi nase gene and Ndel
~site and priner 7 (Table 1) having a sequence about Pstl
site in the hydantoi nase gene were synthesized and

- out by using the genom cgéheRde EXAERI g 4 as
SEQ ID NO: 1

restriction
PCR was carri ed

SEQUENCE LENGTH: 2518

SEQUENCE TYPE: nucleic acid

5 SEQUENCE:

10 20 30 40 50 60
GAGCTCGGCCTCGTCGGTGAAATGCCAGCGCGGCAAGAAGGTCGTAAGCGCGAGTTCGGG
70 80 90 120

100 110

GAAGACAATGAAATTCGCGCCCCGGCTCGCCGCTTTCGTCAGCATGTCGAGAAGACGAAC

10 130 140 150 160 170 180
GACGACCTGTTCGCGTGTCTCCGCGCGCGCGATCGGACCTTGTTGTCCCACTGCAAGTAT

190 200 210 220 230 240
CATCTGACGTGTCATGAACCTCTGCTCCTTCCTAGGTGATGTCCGGCCCAGCGGCCGGGA

250 260 270 280 290 300

15 AAACGTTGTGAAACACATCGCCGAAAACCGGCTTTGTGACTCGCGGCGCAATGCARATTC
310 320 330 340 350 360

TACATAAAGTACGAAATATTACATGCAGCACGACAATAACAGGCGTAAAATTTTTGATCT

370 380 390 400 410 420

This Sheet Has Been Replaced
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a tenplate to obtain a 1.2 kb fragment 1. Then, priner 8 15 (Table 1)

havi ng an oppositely directed sequence at the above

=
restriction site and prinmer 9 (Table 1) having a sequence | ml'é SHEET HAS BEEN |
correspondi ng to the downstream of the term nation codon ang REPLACED
Hindl Il restriction site were synthesized and PCR was carri ed out
by using the genom c DNA of Exanple 4 as tenplate to 20 obtain a 0.25

kb fragnent 2. Fragnent 1 was restricted with Ndel and Pstl,
fragment 2 was restricted with Pstl ands4indll| and pUCNT whi ch was
an inproved vector plasmd of pUC19 described in W94/ 03613 was
restricted wwth Ndel and H ndlII. The restricted fragnents were
ligated with TADNA |igase to - 23 -

obtain plasmd pTHLO2 containing the hydantoi nase gene (see Fig. 2).

10

15

GTCAACCGGAGCGGAACCGGAATTTGCGCTGCTTGACAAGCTCTCGCGCGAGCCCGCCGT
430 440 450 460 470 480

CGACTTCAACTCGTTCCGCCTCGAACGAGAGCGCTCTGCACAGAATCGTCTTCGCTAGGC

490 -500 ' 510 520 530 540
CGCCGTTCCGCTTGACAGCTTCAAARACACCATGCAAACTTGTATAAAGAATTACATTCCA

550 560 570 580 590 600
TATACGGAACAAACTCTTCAATCCTGAGAGCGACATCATGGACATCATTATCAAAAACGG

MetAspIleIleIleLysAsnGly

610 620 630 640 650 660
AACCATCGTGACCGCGGATGGCATTTCTCGCGCCGATCTCGGGATCAAGGATGGCAAGAT

ThrIlevalThrAlaAspGlyIleSerArgAlaAsplLeuGlyIleLysAspGlyLysIle

670 680 690 700 710 720
CACCCAGATCGGCGGCGCCGCTCGGCCCAGCGGAGCGGACGATCGACGCGGCCGGCCGCTA

ThrGlnIleGlyGlyAlalLeuGlyProAlaGluArgThrIleAspAlaAlaGlyArgTyr

730 740 750 760 770 780
CGTCTTTCCEGGCGGCATAGACGTTCACACGCATGTCGAAACGGTCAGCTTCAACACGCA

ValPheProGlyGlyIleAspValHisThrHisValGluThrValSerPheAsnThrGln

790 ‘800 810 820 - 830 840
GTCGGCCGACACGTTCGCAACAGCGACGGTCGCGGCCGCCTGTGGCGGAACGACAACCAT

HmSMaHmB&mRﬁ

e



- 24 -
- AAA(C) GGAAC(A) AT(T)GT(A)ACCGC-3 T C T C C Primer

G
35

Table 1 Primer 1 T G A G5

G 5' - GOGTC( A) GAACC( A) ACCGCGATCGT- 3' T T EIE
- TAACATCCTTTTGCATCAACCACTTC-3' Priner 4 5' - AAAAAAGGAAGAA%O?E%&%A% EN
Primer -5 5' - GTTTTCCCAGTCACGAC- 3' Primer 6

5' - TACGAGCATATGAAAAAGATCATTAAGAACGG AACG-3' Priner 7

5' - GTGTGITTCTGCAGAAATTACCCGITC- 3" Priner 8 5' - TAATTTCTGCAGAAACACACCATAT- 3'
Primer 9 5'- GCTGAAAGCTTCGAAATAAGCCATTTRE@GAGC AG 3" Priner 10

5' - TAATTTCTGCAGAAACACACCACATGECCGT

10

15

SerAlaAspThrPheAlaThrAlaThrValAlaAlaAlaCysGlyGlyThrThrThrIle

850 860 870 880 890 900
CGTCGATTTCTGTCAGCAGGATCGCGGCCACAGCCTGGCGGAACCCGTCCCCAAGTGGGA

ValAspPheCysGlnGlnAspArgGlyHisSerLeuAlaGluProValProLysTrpAsp

910 920 930 940 950 960
CGGTATGGCCGGCGGCAAGTCGGCGATCGATTACGGCTACCACATCATCGTGCTCGACCC

GlyMetAlaGlyGlyliysSerAlaIleAspTyrGlyTyrHisIleIleVallLeuAspPro

970 980 990 1000 1010 1020
GACCGACAGCGTGATTGAGGAGCTGGAGGTGCTTCCCGATCTTGGCATTACCTCCTTCAR

ThrAspSerVallIleGluGluLeuGluValleuProAsplLeuGlyIleThrSerPhelLys

1030 1040 1050 1060 1070 1080
GGTCTTCATGGCCTATCCCGGCATGAACATGATCGACGACGTGACGCTGCTGAAGACGCT

ValPheMetAlaTyrArgGlyMetAsnMetIleAspAspValThrLeuleuLysThrLeu

1090 1100 1110 1120 1130 1140
CGACAAGGCGGTCAAGACCGGATCGCTCEGTCATGCTGCACGCGGAARACGGCGACGCCGC-

AspLysAlaValLysThrGlySérLeuValMetValHisAlaGluAsnGlyAspAlaAla

1150 1160 1170 1180 1190 1200
CGACTATCTGCGCGACAAGTTCGTGGCCGAGGGCAAAACCGCGCCGATCTACCACGCGCT

AspTyrLeuArgAspLysPheValAlaGluGlyLysThrAlaProIleTyrHisAlaLeu
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CG 3" Primer 11 5' - CGAGCAAGCTTCTACTAAATGGITAATTTCTC  AT-3' Priner 12
5! - GGAAGCTTTCATTAAATGGTTAATTTCTCATC  TTGTT-3' Priner 13 5

- TACGAGGGATCCTATAAATTCCAACAAGTGC TATA- 3' . :

- 25 - Exanpl e 6 - Pr pTﬂﬁﬁﬂ'-gﬁT&AS BEEN
‘reconbi nant DNA for . expressi on of Baci | | Sp B
hydant oi nase gene According to the sanme manner for
obt ai ni ng fragnent 5 2 in Exanple 5, PCR was carried out to obtain a
0. 25 kb fragnent 3 except thatéﬁgnstead of the prinmer having Pstl
restriction site used for the producti of fragnment 2, synt hesi zed

primer 10 (Table 1) wherein one nucleotide at Ndel

1210 1220 1230 1240 1250 1260
CAGCCGCCCGCCCCGGGTCGAAGCCGAGGCAACCGCGCGGGCCCTCGCCCTGGCCGAAAT

‘SerArgProProArgValGluAlaGluAlaThrAlaArgAlaleuAlaLeuAlaGlulle

1270 1280 © 1290 1300 1310 1320
5 CGTCAACGCCCCGATCTACATAGTCCATGTGACCTGCGAGGAGTCCCTTGAGGAGGTGAT

ValAsnAlaProlleTyrIleValHisValThrCysGluGluSerLeuGluGluValMet

1330 1340 1350 1360 1370 1380
GCGCGCAAAATCGCGAGGCGTCCGCGCTCTGGCGGAAACCTGCACGCATTACCTTTACCT

ArgAlalLysSerArgGlyValArgAlaLeuAlaGluThrCysThrHisTyrLeuTyrLeu

10 1390 1400 1410 1420 1430 1440
CACCAAGGAAGACCTGGAGCGGCCGGATTTCGAAGGTGCGAAATACGTTTTCACACCGCC

ThrLysGluAspLeuGluArgProAspPhéG1uGlyAlaLysTera1PheThrProPro

1450 1460 1470 1480 1490 1500
GGCCCGCGCGAAGAAAGACCATGACGTTCTCTGGAACGCACTCAGAAACGGTGTGTTCGA

15 AlaArgAlalysLysAspHisAspValLeuTrpAsnAlaleuArgAsnGlyValPheGlu

1510 1520 1530 1540 1550 1560
AACGGTTTCCTCCGACCATTGCTCCTGGCTCTTCAAGGGGCACAAGGACCGGGGCCGGAA

ThrValSerSerAspHisCysSerTrpLeuPheLysGlyHiSLysAspArgGlyArgAsn

1570 1580 1590 1600 1610 1620

Thls Sheet Has Been & ‘{T
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restriction site near Pstl restriction site was substituted 10 to

“bl ock cleavage with Ndel was used and instead of the priner havi ng
‘the sequence about the termnination codon, synthesized primer 11
(Tabl e 1) wherein the nunber of nucl eoti des at the HQMSHEERAAS FBEEN
“t-he term nation codon were further reduced was usef. Theikp| ACED

according to the sane nmanner for obtaining pTHL02 15

pl asm d pTH103 was obtai ned fromthe fragnents 1 and 3 and pUCNT

(see Fig. 3).
-obt ai ni ng

primer
codon,

Furtbeg according to the sane manner for
pTH103, pTH104 was o Pained except that, instead of the
11 havi ng the downstream sequence about the term nation
prinmer 12 (Table 1) was used. Escherichi a

coli HB10Ol1l transformed with pTH104 was desi gnated as Escherichia

coli HB101 pTHEGACTINCEEECEATCECEAACGGCGCEHEErCCERPSCACCAALGHBIGATGATGGTCTA
Institute of Bioscience and Human- Technol ogy as of Novenber 2, 1994
under the accesspPheirdilal EProAsntlFARMBICIPEEHd1G1luGluArgleuMetMetValTyr

10

15

1630 1640 1650 1660 1670 1680
TCAGGGCGTCAACGAAGGCCGGATTTCCCTTACCCAGTTCGTGGAACTGGTCGCCACGCG

GlnGlyvalAsnGluGlyArgIleSerLeuThrGlnPheValGluLeuvalAlaThrArg

1690 ' 1700 1710 1720 1730 1740
CCCGGCCAAGGTCTTCGGAATGTTTCCGCAAAAGGGGACGATCGCGGTCGGTTCGGACGC

ProAlaLysValPheGlyMetPheProGlnLysGlyThrIleAlavValGlySerAspAla

1750 1760 1770 1780 1790 1800
CGACATCGTCCTTTGGGACCCCGAGGCCGAAATGGTGATCGAACAGACCGCCATGCACAA

AspllevValLeuTrpAspProGluAlaGluMetValIleGluGlnThrAlaMetHisAsn

1810 1820 1830 1840 . 1850 1860
CGCCATGGATTACTCCTCCTACGAGGGACACAAGGTCAAGGGCGTGCCGAAGACGGTGCT

AlaMetAspTyrSerSerTyrGluGlyHisLysValLysGlyValProLysThrValLeu

1870 1880 1890 1900 1910 1920
CCTGCGTGGCAAGGTTATCGTCGACCAAGGTTCCTATGTCGGCGAACCGACGGACGGGAA

LeuArgGlyLysvalIleValAspGluGlySerTeralGlyGluProThrAspGlyLys

1930 1940 1950 1960 1970 1980
ATTCCTGAAACGTCGCAAATACAAGCAGTAAACCGGCATTCTACGAGAACGATGATGACA
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- 26 - Exampl e 7 . To qhtain plasnd

‘contai ning gene for hydantoi nase derived fﬂuns@ggg¢
sp. KNKOO3A ( FERM BP-3181) According to the SanREpBY ﬁr

as described in Exanple 5 3, it was faund that hydant oirrase—gere-\

Tocated on the pl asni d pPHD301 described in W92/ 10579.

Escherichia coli HB101 was transformed by pPHD301 to obtain
Escherichia coli HB10l pPHD301 ( FERM BP—4866) The restriction
enzyme map of pPHD301 is shown in Fig. 35 The nucl eoti de
sequenci ng of the hydantoi nase gene mas carried out according to
the same manner as described in Exanple 3. The results are shown in
SEQ No. 3. Exanpl e 8 Conver si on of

5- (p- hydr oxyphenyl ) hydantoin into 15

D- N- car banoyl - (ﬁhéugﬁﬁyggggﬂyéﬁ YErRPs@Yn*** t ransf or mant

obt ai ned ransfornant obt ai ned i n Exanpl e 6,

Escheri chi a col i HBIG pTH104 wagsynocul ated into 50 mM of 2YT broth
(16 o g/liter of polypeptone, 10g/liter of yeast extract, 5 g/liter

1990 2000 2010 2020 2030 2040

ATACACACTTCGACAAGTGTCGTCGCGCCTGACGGCGACAGCGTTGCAAGCGGCTTCGAC

5 2050 2060 2070 2080 2090 2100

AGGCGTTACGGCGCACCGACATTCAATCAGATACCATCGGGCGAACGEGCTGGTGTCGGAC

2110 2120 2130 2140 2150 2160
TGCATCGCGCTGATGCTGAAGCACCGTTCCGTCAGACGCTACACGGGEGAACCTCTCCCC

2170 2180 2190 2200 2210 2220
10 CCAGGCACGCTGGAAATGCTGATGGCGECGGGTCAGTCGGCTGCGACATCCTCCAACATE
2230 2240 2250 2260 2270 2280

CAGACCGTGTCGGTCATCGCGGTGACGGACCCCGAGAAAAAGACCCGTCTCGCGAAGACA

2290 2300 2310 2320 2330 2340

TGCGCCGGGCAGGACTTCATCGCCAACGCTCCTGTGCTCCTGTGTTTCGTGACGGATCTT

15 2350 2360 2370 2380 2390 2400

GCGCGCCCCGCCAGGGTCGCCTCCACGATTGGCGCCGATCTTTTCGCGTTGCCGATGATC

2410 2420 2430 2440 2450 2460

. This Sheet Has Been Reilaccd l




20 of sodiumchloride; pH 7.0) containing 100 [err]g/m of anpicillin

“and 400 ppm nmanganese chloride tetrahydrate and cultivate 37C
for 24 hours. The microbial cells were collected from THIS@EE‘T HAs BEE!\F
culture broth and suspended in 0.05 M carbonate byf fer gpwi AbE
“wake up the volume to 50 m. Triton X-100 25 - was - addéd—se—that—+he-
final concentration was 0.05% To this
- 27 - was added 1.5 g of 5-(p-hydroxyphenyl)hydantoin and the
m xture was allowed to react with st_ir:H']n_g at 40C for 3 hours in
the stream of nitrogen with adjusting e pH at 8.7 by 6N sodi um
hydr oxi de. After conpletion of the reaction, the 5 reaction
m xture was centrifuged and the supernatant was subjected to a

calorinetric determ nation of DN carbanoyl - (p-
hydroxyphenyl)ghﬁmcmmﬂﬂmmGGOGﬂQCAmﬂAECGﬂmmﬂmmmmﬂmcmmdﬂmGUNKAACCTTGTTCTCGCC

sol ution of p-dienthylan nobenzal dehyde in conc. hydrochloric
2470 2480 2490 2500 2510

GCGGAATCGCTCGGCATGGGCACCTGCTATGTCGGGAGCCTGCGCAACCGGCCTGATC

SEQ ID NO: 2
S5SEQUENCE LENGTH: 2105
SEQUENCE TYPE: nucleic acid

SEQUENCE:

10 20 30 40 50 . 60

GTCGACTTCAACTCGTTCCGCCTCGAACGAGAGCGCTCTGCACAGAATCGTCTTCGCTAG

16 70 80 90 100 110 120

GCCGCCGTTCCGCTTGACAGCTTCAAAACACCATGCAAACTTGTATAAAGAATTACATTC

130 . 140 150 160 . 170 180
CATATACGGAACAAACTCTTCAATCCTGAGAGCGACATCATGGACATCATTATCAAAAAC
MetAspIlelleIleLysAsn

15
190 200 210 220 230 - 240
GGAACCATCGTGACCGCGGATGGCATTTCTCGCGCCGATCTCGGGATCAAGGATGGCAAG

GlyThrIleValThrAlaAspGlyIleSerArgAlaAspLeuGlyIleLysAspGlyLys
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aci d. As a result, D N carbanoyl - (p-hydroxyphenyl)glycine 10 was

Jproduced in the conversion yield of 97.5% The reaction

m xture was adjusted to pH 5 with hydr ochl ori ¢ aci

centrifugation, the supernatant was concentr at ed, adT'ﬂét%éEEtTﬁé‘ﬁ%BgEN
W th conc. hydrochloric acid and stored at 4[err] C.LThe PLAC
precipitated crystals were filtered 15 off and recrystallized from

wat er - et hanol to obtain 970 ng of

D- N- car banoyl - (p- hydr oxyphenyl ) gl yci ne,,om p. 176- 177[err]C

~[[err]][err][err] = -177.0 (c= 39 5% et hanol ).
Exanple 9 Prepar ati on of I mmobi | i zed hydant oi nase 20
Mcrobial cells were collected from1 liter of a cul'ture broth of
Escherichia coli HBI A pTH104 obt ai ned according to the sanme manner
as described in Exanpl gsq, 260suspendggpi n aqueggg 1 nM npgganese 3q¢
sul fate to make up the . volume to 60 mM, adjusted to pH 8.5 and

di srupted by 2rcaccoAcarseeceetecoecrcdectbrceoaxoeceatehrogatbuscobtecued
was

IléThrGlnIleGlyGlyAlaLeuGlyProAlaGluArgThrIleAspAlaAlaGlyArg

310 320 - 330 340 350 360
5 TACGTCTTTCCGGGCGGCATAGACGTTCACACGCATGTCGAAACGGTCAGCTTCAACACG

TyrValPheProGlyGlyIleAspValHisThrHisValGluThrValSerPheAsnThr

370 380 390 400 410 420
CAGTCGGCCGACACGTTCGCAACAGCGACGGTCGCGGCCGCCTGTGGCGGAACGACAACC
GlnSerAlaAspThrPheAlaThrAlaThrvalAlaAlaAlaCysGlyGlyThxThxThr

10 430 440 450 460 470 480
ATCGTCGATTTCTGTCAGCAGGATCGCGGCCACAGCCTGGCGGAACCCGTCCCCAAGTGG

IleValAspPheCysGlnGlnAspArgGlyHisSerLeuAlaGluProvValProLysTrp

490 500 510 520 530 540
GACGGTATGGCCGGCGGCAAGTCGGCGATCGATTACGGCTACCACATCATCGTGCTCGAC

15 AspGlyMetAlaGlyGlyLysSerAlaIleAspTyrGlyTyrHisIleIleValLeuAsp
550 560 570 580 590 600
CCGACCGACAGCGTGATTGAGGAGCTGGAGGTGCTTCCCGATCTTGGCATTACCTCCTTC

ProThrAspSerVallleGluGluLeuGluVallLeuProAspLeuGlyIleThrSerPhe

610 620 630 640 650 660
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- 28 - added 20 g of an ani on exchange resin, Duolite A—568
“equilibrated to pH 8.5 and the m xture was stirred at 15C'fﬁ
hours to adsorb the enzyme. To this nmixture was added IS SHEET HAS BEEN
_glutaral dehyde so that the final concentration thereof wad 5 RERLACEDand

“the nmixture was stirred for 1 hour to proceed crosslinki ng TeactTon:
Then, the resin was coll ected and washed to obtain 20 g of an

i mobi |'i zed hydant oi nase. Exanpl e 10

Conver si on of 5-(p-hydroxypheny|)hydgn%@ig into 10

D- car banoyl - (p-hydroxyphenyl ) gl yci ne by i nobilized

enzyne Five grans of the imobilized hydant oi nase

‘obt ai ned in Exanple 9 was added to 100 ml of aqueous 1 nM manganese

sulfate at 40[err] C which was bubbled with nitrogen. To this was 15

~added 3 g of 5-AxEABCIFCAYEEIVIATCCHGECATCANTATGATOGHIGACITGRCGCTGCTGAAGACG
carried out with stirring at 40C for 3 hours wi th bubbling

nitrogen. Aft EysVaiRhaMatildE Tt gGigMe thgnMatd lafmpAspVa l ThrleuhgukysEhr

was allowed to stand and sucked off to collect the reaction
m xture. According to the same manner as descri bed _
670 680 690 700 710 720

CTCGACAAGGCGGTCAAGACCGGATCGCTCGTCATCGGTGCACGCGGAAAACGGCGACGCC

5 - LeuAspLysAlaValLysThrGlySerLeuValMetValHisAlaGluAsnGlyAspAla

730 740 . 750 760 770 780
GCCGACTATCTGCGCGACAAGTTCGTGGCCGAGGGCAAAACCGCGCCGATCTACCACGCG

AlaAspTereuArgAspLysPhevalAlaGluG;yLysThrAlaProIleTyrHisAla

790 800 810 820 830 840
10 CTCAGCCGCCCGCCCCEEETCCAAGCCGAGGCAACCGCGCGGGCCCTCGCCCTGGCCGAA

LeuSerArgProProArgValGluAlaGluAlaThrAlaArgAlaLeuAlaLeuAlaGlu

850 860 870 _ 880 890 300
ATCGTCAACGCCCCGATCTACATAGTCCATGTGACCTGCGAGGAGTCCCTTGAGGAGGTG

IleValAsnAlaProIleTyrIleValHisValThrCysGluGluSerLeuGluGluval

15 ' 910 920 930 940 950 960
ATGCGCGCAARATCGCGAGGCGTCCGCGCTCTGGCGGAAACCTGCACGCATTACCTTTAC

MetArgAlaLysSerArgGlyValArgAlaLeuAlaGluThrCysThrHisTereuTyr'

970 980 990 1000 1010 1020

CTCACCAAGGAAGACCTGGAGCGGCCGGATTTCGAAGGTGCGAAATACGTTTTCACACCG
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20 I n Exanpl e 8, the carbanoyl am no acid product was purified
“t.o obtain 2.2 g of D N-carbanoyl - (p- hydroxyphenyl ) gl yci ne.

Exanpl e 11 Expressi on of Bacillus sp. hydant oi nase
_gene in Bacillus subtilis

= 29 - " According to the same manner &

Exanpl e 5, PCR was carried out by using the genom c DN

sp. KNK245 as a tenplate and using prinmers 12 and 13 (Table 1) to
obtain a 1.7 kb fragnent. This was clepyed with BanH 5 and Hi ndl |

and ligated to the plasmd pHY300PLK (Takar a Shuzo) which had been
cleaved in a simlar manner to obtain t he plasnld pTHB301. Its
restriction enzyme map i s shown in Fig. 6. Thi s

pl asm d pTHB301 was introduced into Bacillus
LeuThrLysGluAspLeuGluArgProAspPheGluGlyAlaLysTyrValPheThrPro

1030 1040 1050 1060 1070 1080
CCGGCCCGCGCGAAGAAAGACCATGACGTTCTCTGGAACGCACTCAGAAACGGTGTGTTC -

ProAlaArgAlaLysLysAspHisAspValLeuTrpAsnAlaLeuArgAsnGlyValPhe

5 ' 1090 1100 1110 1120 1130 1140
GAAACGGTTTCCTCCGACCATTGCTCCTGGCTCTTCAAGGGGCACAAGGACCGGGGCCGG

GluThrValSerSerAspHisCysSerTrpLeuPhelysGlyHisLysAspArgGlyArg

1150 1160 1170 1180 1190 1200
AACGACTTTCGCGCCATCCCGAACGGCGCGCCGGGCGTCGAGGAACGGTTGATGATGGTC

10 AsnAspPheArgAlalleProAsnGlyAlaProGlyValGluGluArgLeuMetMetVal

1210 1220 1230 1240 1250 1260
TATCAGGGCGTCAACGAAGGCCGGATTTCCCTTACCCAGTTCGTGGAACTGGTCGCCACG
TyrGlnGlyValAsnGluGlyArgIleSerLeuThrGlnPheValGluLeuValAlaThr

1270 1280 1290 1300 1310 1320
15 ,CGCCCGGCCAAGGTCTTCGGAATGTTTCCGCAAAAGGGGACGATCGCGGTCGGTTCGGAC

ArgProAlaLysValPheGlyMetPheProGlnLysGlyThrIleAlavalGlySerAsp

1330 1340 - 1350 1360 1370 1380
GCCGACATCGTCCTTTGGGACCCCGAGGCCGAAATGGTGATCGAACAGACCGCCATGCAC

AlaAsplleValLeuTrpAspProGluAlaGluMetValIleGluGlnThrAlaMetHis
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10 subtilis 1SW214 (avail able from Takara Shuzo), Bacillus
"subtilis YS-11 (1 AML2019) or Bacillus subtilis 3115 (IANHZOZO) by
el ect ropor ati on (using Shimadzu Corporation GIE-10 Mdel, :
2 ms) and cultivated in the culture nmedium as shown

“which 0.02 g/liter of manganese chloride 15 t et r ahydr atle

37[err] C for 20 hours. A cell-free extraction was prepareo
collecting the mcrobial cells and di srupting themw th

ul trasoni cati on. As a result, each 42 - hydant oi nase activity was
about 2.2 tinmes higher than that obt ai ned by cultivation of
Baci | l us sp. KNK245 under the sane 20 condi tions.

Exanpl e 12 Expressi on of Bacillus sp. KNK245 hydant oi nase
gene in thernophile Baci | | us stearothernophilus | FO12550

was transformed 25 j3gpgMth tRqop asm dpigB301 pqg@g;ed i n el e 113 pyo
pr ot opl ast -
: AACGCCATGGATTACTCCTCCTACGAGGGACACAAGGTCAAGGGCGTGCCGAAGACGGTG

AsnAlaMetAspTyrSerSerTyrGluGlyHlsLysva1LysGlyvalProLysThrval

1450 1460 1470 1480 1490 1500
5 CTCCTGCGTGGCAAGGTTATCGTCGACGAAGGTTCCTATGTCGGCGAACCGACGGACGGG

LeuLeuArgGlyLysValIleValAspGluGlySerTyrValGlyGluProThrAspGly

1510 1520 1530 1540 1550 1560
AAATTCCTGAAACGTCGCAAATACAAGCAGTAAACCGGCATTCTACGAGAACGATGATGA

LysPheLeuLysArgArgLysTyrLysGln**

10 1570 1580 1590 1600 1610 1620

CAATACACACTTCGACAAGTGTCGTCGCGCCTGACGGCGACAGCGTTGCAAGCGGCTTCG

1630 1640 1650 1660 1670 1680
ACAGGCGTTACGGCGCACCGACATTCAATCAGATACCATCGGGCGAACGGCTGEGTGTCGG

1690 1700 1710 1720 1730 1740
15 ACTGCATCGCGCTGATGCTGAAGCACCGTTCCGTCAGACGCTACACGGGGGAACCTCTCC
1750 1760 1770 1780 1790 1800

CCCCAGGCACGCTGGAAATGCTGATGGCGGCGGGTCAGTCGGCTGCGACATCCTCCAACA

1810 1820 1830 1840 1850 - 1860
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met hod according to J. Bacteriol., 149, 824 (1982) and " cultivated
‘according to the sane manner as described in Exanpl e pid—te—prepate—a—
cell-free extract. The hydantoi nase activity was abotTHS SHEETHAS BEEN
higher than that of Bacillus sp. 5 KNK245 prepared undern t he REREBACED

condi ti ons. As descri bed herei nabove, according 1o tne
present i nvention, a mcroorgani sm having very hi gh hydant oi nase
activity can be created and, by using this as a source of enzyne,

D- N- car banoyl - a- am no aci ds can be proq§ced effi- 10 ciently.

Deposit of M croorgani sns Agrobacterium sp. KNK712 has
been deposited as of May 31, 1988 under the accession nunber of FERM
BP- 1900; Pseudononas sp. KNKOO3A has been deposited as of Decenber

1, 15 1990 under the accession nunber of FERM BP-3181; Bacillus sp.
KNK245 has beenrgdeneactedcescetciiprenbercRecdRA8dctoieAnh ARGACCCCTCTCCESIAATA
nunber of FERM BP-4863; and Escherichia coli HB101 pAHL1043 has been
deposited as of Novenmber 2, 1994 under the accessi on nunber of FERM
BP-4866 at the follow ng Depsoitary 20 Aut hority under Budapest Treaty,
respectively. 1870 1880 1890 1900 1910 1920

CATGCGCCGGGCAGGACTTCATCGCCAACGCTCCTGTGCTCCTGTGTTTCGTGACGGATC

1930 1940 1950 1960 1970 1980
5 TTGCGCGCCCCGCCAGGGTCGCCTCCACGATTGGCGCCGATCTTTTCGCGTTGCCGATGA
1990 2000 2010 2020 2030 2040

TCGACACCTTTCTGGCGTCCATCAGCGATTGTTCCATCTTCGCGCAAAACCTTGTTCTCG

2050 2060 2070 2080 2090 2100

CCGCGGAATCGCTCGGCATGGGCACCTGCTATGTCGGGAGCCTGCGCAACCGGCCTGATC

10
CCGGG

SEQ ID NO: 3
SEQUENCE LENGTH: 1569
SEQUENCE TYPE: nucleic acid

15SEQUENCE:

10 20 30 40 50 60
TCGGAACCTGAAAACGAAATATCCCGCCGGACGGTGGGAAGGTGAAAGGAGGAGTCTCCA
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Nane: hbtfonal Institute of Bioscience and Human- Technol ogy
tformerly Fermentation Research Institute), Agency of I ndustria
SCi ence & Technol ogy, Mnistry of International Trade & I ndustry

- 31 -
Japan

10

15

Address: 1-3, Higashi 1 chome Tsukuba-shi | baraki-ken 305,

- 32 -

- 44 -

Met

70 80 90 100 110 120
TGACAACAGTTATCAAGGGTGGAACGATCGTCGCCGCCGATCGCAGCTATGAAGCCGATA

ThrThrvalIleLysGlyGlyThrIleValAlaAlaAspArgSerTyrGluAlaAsplle

130 140 150 160 170 180
TCCTGATCGAAGGCGAAAAGATCGCCCAGATCGGCAGGGATCTGCAGGGCGACAAGATTG

LeuIleGluGlyGluLysIleAlaGlnIleGlyArgAspLeuGlnGlyAspLysIleVal

190 200 210 220 230 240
TAGACGCCGAGGGTGCCTATATCATTCCCGGCGGCATCGATCCTCACACGCATCTTGAAA

AspAlaGluGlyAlaTyrIleIleProGlyGlyIleAspProHisThrHisLeuGluMet

250 260 270 280 290 300
TGCCCTTTATGGGCACGACCACTGCCGAGACCTGGGAGTCCGGCACTTTCGCGGCTCTCT
ProPheMetGlyThrThrThrAlaGluThrTrpGluSerGlyThrPheAlaAlaLeuSer

310 320 330 340 350 360
CCGGCGGCACCACGATGGTTGTGCATTTCGTCATTCCCGGGCCGGCGGGAATGCTTGCCG

GlyGlyThrThrMetvalvalAspPheValI1eProGlyProAlaGlyMetLeuAlaAla

370 380 390 400 410 420
CCTTCGATCAATGGCAGGAGAGGGCAGCGCGCCAGGCTTCGTCCGACTACTCGCTGCATA

PheAspGInTrpGlnGluArgAlaAlaArgGlnAlaSerSerAspTyrSerLeuHisMet



Sequence Listing SEQID NO 1 SEQUENCE LENGTH: 2518

SEQUENCE TYPE: nucleic acid 5 SEQUENCE: 10
20 30 40 50 60 .

GAGCT CGGCCT CGTCGGT GAAAT GCCAGCGOGGGAAGAAGGT CGTAAGCGCGAGT TCGGG

79 80 90 100 110 120
GAAGACAATGAAATTCGCGCCCCGGRCT CGCGACT TTCGT CAGCAT GTCGAGAAGACGAAC 10
130 140 150 160 170 180

GACGACCT GT TCBOGT GT CTCOGCGEOGOGUGAT CBGACGIT GT TGTCOCACT GCAAGTAT

190 200 210 220 - %330 240

CATCTGACGT GTCATGAACCT CTGCTCCTTCCTAGGT GAT GT CCGRCCCAGCGRCCGGRA

250 260 270 280 290 300 15
AAACGTTGT GAAACACAT CGCCGAAAACCGGCTTTGT GACT CGCGGCGCAATGCAAATTC

310 320 33830 34Q40 35Q50 36Q60 470

480

TGTGCGTGACCGGCTGGTCAAAGCAGATCTTCCAGGACATGGCGAAGGTGETCGAGCGCG

CysValThrGlyTrpSerLysGlnIlePheGluAspMetAlaLysValValGluArgGly

490 500 - 510 520 530

540

-5 GTGTCAACACCTTCAAGCATTTCATGGCCTATAAGGGCGCGCTGATGGTGAACGACGACG

ValAsnThrPheLysHisPheMetAlaTyrLysGlyAlaLeuMetValAsnAspAspGlu

550 560 570 580 590

600

AGATGTTCGCCTCCTTCCAGCGCTGCGCCGCCCTGGGCGCCCTCCCGCTCGTGCATGCGG

MetPheAlaSerPheGlnArgCysAlaAlaleuGlyAlaLeuProLeuValHisAlaGlu

10 610 620 630 640 650

660

AAAACGGCGACATCGTCGCCTCGCTGCAGCAGAAATATATGCAGGARGGCCTCACGGGTC

AsnGlyAspIlevValAlaSerLeuGlnGlnLysTyrMetGlnGluGlyLeuThrGlyPro

670 680 690 700 710

720

CGGAGGCTCATGCCTATTCCCGCCCGCCGGAGGTCGAGGGCGAGGCCACCAACCGCGCCA

15 GluAlaHisAlaTyrSerArgProProGluvValGluGlyGluAlaThrAsnArgAlalle

730 740 750 760 770

780

TCATGATCGCCGATGCCGCAGGCGTGCCGGTCTATATCGTGCATGTCTCCTGTGAACAGG

MetIleAlaAspAlaAlaGlyValProValTyrIleValHisValSerCysGluGlnAla

790 800 810 820 830

840



TACATAAAGTACGAAATATTACATGCAGCACGACAATAACAGECGTAAAATTTTTGATCT

370 380 390 400 410 420

THI'S SHEET HAS BEEN

REPLACED _ - . 33 -
~ GTCAACCGGAGCGGAACCGGAAT TTGOGCT GCTTGACAAGCT CTORCGCGAGCCOGCCGT
430 440 450 460 470 480
CGACTTCAACT CGTTCCGCCT CGAACGAGAGCGCT CTGCACAGAAT CGTCTTCGCTAGEC
490 500 510 520 530 540 5
CGCCGTTCOGCT TGACAGCT TCAAAACACCAT GCAAACHT CTATAAAGAATTACATTCCA
550 560 570 580 590 600

TATACGGAACAAACT CTTCAAT CCTGAGAGCGACAT CATGGACATCATTATCAAAAACGG
Met Aspl l el l el | eLysAsnQd y

10

15

CGCACGAAGCGATCCGCCGCGCACGCCAGAAGGGAATGCGCGTCTATGGCGAGCCGCTCA

HisGluAlalleArgArgAlaArgGlnLysGlyMetArgValTyrGlyGluProLeulle

850 860 870 880 890 900
TCCAGCACCTGCTGCTTGACGAGTCCGAGTACAAGAGAGCCGACTGGGACGAGGCGGCTC

GlnHisLeuLeuLeuAspGluSerGluTyrLysArgAlaAspTrpAspGluAlaAlaArg

910 920 930 940 950 960
GGCGGGTGATGTCCGCGCCATTCCGCGATAAAAGCCATCAGGACAGCCTCTGGGCTGGGC

ArgValMerSerAlaProPheArgAspLysSerHisGlnAspSerLeuTrpAlaGlyLeu

970 980 990 1000 1010 1020
TCGCAGCGGGCTCGCTGCAGGTCGTGGCAACGGACCACTGCGCCTTTACCACTGAACAGA

AlaAlaGlySerLeuGlnValvValAlaThrAspHisCysAlaPheThrThrGluGlnLys

1030 - 1040 1050 1060 1070 1080
AGCGGCTGGGACTCAACGACTTCACGAAAATCCCGAACGGCACCGGGGGGTTAGAGGACC
ArgLeuGlyLeuAsnAspPheThrLysIleProAsnGlyThrGlyGlyLeuGluAspArg

1090 1100 1110 1120 1130 1140
GGTTGTCGCTGCTCTGGACCTATGGCGTGAAGACGGGGCGGCTCACGCCTAACGAATTCG

LeuSerLeuLeuTrpThrTyrGlyValLysThrGlyArgLeuThrProAsnGluPheval

1150 1160 1170 1180 1190 1200
TCGCCGTCACCTCCACCAATATCGCACAAATCCTGAACATCTATCCGCAAAAGGGCGCAA



610 620 630 640 - 650 660 10
AACCATCGTGACCGCGGATGGCATTTCTCGCGCCGAT CTCGGGAT CAAGGAT GGCAAGAT
Thr Il eVal Thr Al aAspG ylI | eSer Ar gAl aAspLeud yl | eLysAspd yLysl | e
.670 680 690 700 710 720
EACCCAGAT CEGECEECECGLT CGECCCAGCCGAGCGRACGAT CGACGCEECCGECCGLTA

Thrd nl |l ed yd yAl aLeud yPr oAl ad uArgThr || eAspAl aAl ad yArgTyr 15
730 750 760 770 780
CGTCTTTCCGGGCGECATAGACGT TCACACGCATGTC CGGTCAGCTTCAACACGCA

Val PheProQd yd yl | eAspVal Hi sThr H sVal G uThr Val Ser PheAsnThr @ n

790

810 820 830 840

GT CGGCCGACACGT TCGCAACAGCGACGGT CGCGECCGCCT GT GGCGGAACGACAACCAT

- 34 -

10

15

AlavalThrSerThrAsnIleAlaGlnIleLeuAsnIleTyrProGlnLysGlyAlalle

1210 1220 1230 1240 1250 1260
TCCTGCCTGGGTCCGATGCCGACCTCGTCGTCTGGGATCCAGCCAAATCGAAGAAGATCA

LeuProGlySerAspAlaAspLeuValValTrpAspProAlaLysSerLysLysIleThxr

1270 1280 1290 1300 1310 1320
CTGCTTCCGCTCAGAAATCCATCATCGACTACAATATCTTCGAGGGCTACGAGGTGACCE

AlaSerAlaGlnLysSerIleIleAspTyrAsnIlePheGluGlyTyrGluvalThrGly

1330 1340 1350 1360 1370 1380
GCATGCCGCGATACACGCTCTCACGCGGCGAGGTCCTATCGCGCGAGCAAGGCAGCAACG

MetProArgTYrThrLeuSerArgGlyGluValValTrpGlyGluGluGlySerAsnGlu

1390 1400 1410 1420 1430 1440
AACCGCGGCCCGGTCGCGGTAGGTTCGTCGAGCGCCGGCCCTTTGCCGCCGTCAGCCGTG
ProArgProGlyArgGlyArgPheValGluArgArgProPheAlaAlavValSerArgAla

1450 1460 1470 1480 1490 1500
CCCTTTCAACCTGGAAGGAGATCGTCGCTCCGCGTGCGGTGCAGCCGCTCGGCAAAGCATA

LeuSerThrTrpLysGluIleValAlaProArgAlaValGluArgSerAlaLysHisMet

1510 1520 1530 1540 1550 1560
TGCCGATCGGCGTTTGAATTTTGGGAGGCAGGCTCGAACTACGGTTTGGCCTGTCTCAGG
ProlleGlyVal**+*



Ser Al aAspThr PheAl aThr Al aThr Val Al aAl aAl aCysd yd yThr Thr Thril e
850 860 870 880 890 900
CGTCGATTTCTGT CAGCAGGAT CGCGGCCACAGCCT GGCGGAACCCGT CCCCAAGT GGGA
Val AspPheCys@ nA nAspAr gd yHi sSer LeuAl ad uProVal ProLysTr pAsp
910 920 930 940 950 960
CGGTATGGCCGGCGGCAAGT CGGCGATCGAT TACGGCTACCACATCATCGTGCTCGACCC
G yMet Al ad yd yLysSer Al al | eAspTyr@ yTyr Hi sl | el | eVal LeuAspPr o
970 980 990 1000 10 1020
GACCGACAGCGT GAT TGAGGAGCTGGAGGT GCTTCCCTA ‘GGCATTACCTCCTTCAA
Thr AspSer Val | | ed ud uLeud uVal LeuPr oAspLeud yl | eThr Ser PheLys
1030 1040 . 1050 1060 1070 1080
GGTCTTCATGGCCTATCGCGECATGAACATGATCGAL GACGT GACGCT GCTGAAGACGCT
Val PheMet Al aTyr e snMet | | eAspAspVal Thr LeuLeulLysThr Leu
1090 1100 &[&allloﬁS 1120 1130 1140 15
CGACAAGGCGGT CAAGACCGGATCGCT CGT CAT GGT GCACGCGGAAAACGECGACGLCCEC
AspLysAl aVal LysThr @ ySer Leuval Met val H sAl ad uAsnd yAspAl aAl a

10



1150 1160 1170 1180 1190 1200

# CGACTATCTGCGCGACAAGT TCGT GGCCGAGGGECAAAACCGCGCCGAT CTACCACGCECT
AspTyr LeuAr gAspLysPheVal Al a@ ud yLysThr Al aProl | eTyr Hi sAl aLeu

- 35 - 1210 1220 1230 1240

1260 . CAGCCGECCCECCCCEEET CGAAGCCGAGECAA

CCGOBOEEECCCTORCCCT GGOCK
2570 O 9807 o Hoa0 A Sa00 g”ﬁkSﬁ;f”%@Mjll\l L

CGTCAACGCCCCGATCTACATAGT CCATGTGACCT
Val AsnAl aProl | eTyr || eVal Hi sVal Thr Cys@i i@ uSer Leud ud uVal Met
1330 1340 1350 1360 1370 1380

- GCGCGCAAAAT CGCGAGGCGT CCGCGCT CTGECGGAAACCT GCACGCATTACCT TTACCT

Ar gAl aLysSer Argd yVal Ar gAl aLeuAl ad uThr CysThr Hi sTyr LeuTyr Leu

1250
GGCCGAAAT

10

15

20

What is claimed is:

i. A +transformant microorganism obtained by
transforming a host microorganism with a recombinant DNA of
a bNA fragment containing a gene encoding an enzyme which

converts B-substituted hydantoins into corresponding D-N-

-carbamoyl-a—_amino acids by asymm_etric cleavage hydrolysis

(hereinafter referred to as hydantoinase) derived from

Bacillus sp. KNK245 (FERM BP-4863), Agrobacterium sp. KNK712

(FERM BP-1900) or Pseudomonas sp. KNKOO3A (FERM BP-3181) and
a vector DNA.

2. A tra'nsformant microorganism according to claim
1, wherein the host microorganism is selected from a microor-
ganism belonging to the genus Escherichia, Pseudomonas,

Flavobacterium, Bacillus, 'Serratia, Agrobacterium, Corynebac-~

terium or Brevibacterium.
3. A transformant microorganism according to claim
2, wherein the transformant microorganism is Escherichia coli

HB10l1l pTH102, Escherichia coli HB10l pTH103, Escherichia coli

HB101 pTH104 (FERM BP-4864), Escherichia coli HB10l1 pAH1043

(FERM BP-4865) or Escherichia coli HB101 pPHD30l1 (FERM BP-
4866). |

4. A process for producing an enzyme which. converts
S-substituted hydantoins into corresponding D-N-carbamoyl-a-

amino acids by asymmetric cleavage hydrolysis thereof which



10 1390 1400 1410 1420 1430 1440
¢ CACCAAGGAAGACCT GGAGCGGCCCGAT TTEEAAGSGTIGCGAAATACGT TTTCACACCGCC

Thr Lysd uAspLeud uAr gPr oAspPhed ud yAl aLysTyr Val PheThr ProPr o

1450 1460 1470 (j 1500

¥ SGCOCGCGCGAAGAAAGACCATGACGT T CCGTGTGT TG TE -
Al aAr gAl aLysLysAspHi sAspVal LeuTr pAan aledAr dAsnd yVal Ph % SHEET HAS BEEN -

1510 1520 1530 1540 1550 1560 REPLACED
AACGGTTTCCTCCGACCATTGCTCCTGGECTCTTCAA CACAAGGACCGGGEECCCEAA

Thr Val Ser Ser AspHi sCysSer Tr pLeuPheLysG YHi sLysAspAr g@ yAr gAsn

1570 1580 1590 1600 1610 1620

- 36 - '

CGACTTTCGCGCCAT CCCGAACGECECECCEEECGTCGAGGAACCGT TGATGATGGTCTA
comprises using the transformant microorganism according to

any one of claims 1 to 3.
5. A process for producing D-N-carbamoyl-a-amino
acids which comprises using the enzyme obtained by a process
5 "according to claim 4.
6. A process according to claim 5, wherein the 5-
substituted hydantoin is a compound represented by the general

formula (1):

wherein R is phenyl, phenyl substituted with hydroxy, alkyl,
10 substituted alkyl, aralkyl or thienyl.

7. A recombinant piasmid obtained by recombination
of a DNA fragment encoding hydantoinase derived from Bacillus
sp. KNK245 (FERM BP-4863) and a plasmid (pUCNT) and having the
restriction enzyme map of any of Figs. 2 to 4.

15 8. A recombinant plasmid according to claim 7,
wherein thé recombinant plasmid is pTH102, pTH103 or pTH104.

9. A recombinant plasmid obtainable by recombina-
tion of a DNA fragment encoding hydantoinase derived from

Agrobacterium sp. KNK712 ( FERM BP-1900) and a plasmid pUC18

'\

TTTT—
This Sheet 1
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20 and having the restriction enzyme map of Fig. 1.



AspPheAr gAl al | eProAsn@ yAl aProd yVal G ud uAr gLeuMet Met Val Tyr
4630 1640 1650 1660 1670 1680

TCAGGGECGT CAACGAAGGCCCGATTTCCCT TACCCAGT TCGTGGAACTGGTCECCACGCG 5

4 nd yVal Asnd ud@ yAr gl | eSer LeuThr G nPheVal G uLeuVaI Al aThr Ar g
"1690. 1700 1710 1720 1730

CCCGGCCAAGGT CTTCGGAATGT TTCCGCAAAAGGGGACGAT CGCGGT CGGT iR

i e )

CGACATCGTCCT TTGGGACCCCGAGGCCGAAAT GGTCATEGRA CAGACCGCCATGCACAA
Aspl | eval LeuTr pAspProd uAl ad uMet Val | | ed ud nThr Al aMet Hi sAsn

1810

1820 1830 1840 1850 1860

CGCCATGGATTACT CCTOCT ACGAGGGACACAAGGT CAAGGGOGT GOCGAAGACGGT GCT

Al aI\/EtAspTyrSerSerTyrG%@ thslil_é%gq.}blﬂ_yégty\l{%_ﬂ"&ld’ %%X%Lﬁg to Hlaim 9,

1870

1880 189

CCT CCGT GCCAAGHRIhAI {36 K\ Gt i i A ri A IS AT S LA XM HAE CEGAA
LeuArgd yLysVal I | eval Aspd ud ySer Tyr Val G yd uProThr Aspd yLys

10

15

20

11. A recombinant plasmid obtainable by recombina-
tion of a DNA fragment encoding hydantoinase derix}ed from
Pseudomonas sp. KNKOO3A (FERM BP-3181) and having the
recombinant enzyme map of Fig. 5.

12, A recombinant plasmid according to claim 11,

wherein the recombinant plasmid is pPHD30l.
13. A gene for a protein having an enzymatic.
activity for conversion of 5-substituted hydantoins into

corresponding D-N-carbamoyl-a-amino acids by asymmetric

‘cleavage hydrolysis thereof, said gene encoding all or a part

of the amino acid sequence of the first to 472th amino acids
shown in SEQ ID No. 2.

14. A DNA fragment containiné a gene for a protein
having an enzymatic activity for conversion of S—éubstituted
hydantoins into corresponding D-N-carbamoyl-a-amino acids by
asymmetric cleavage hydfolysis théreof , said gene having all
or a part of the nucleotide sequence of the first to 1776th
nucleotides shown in SEQ ID No. 2 or an equivalent thereto.

15. A gene for a protein having an enzymatic
a_ctivity for conversion of 5-substituted hydantoins into
corresponding D-N-carbamoyl-a-amino acids by asymmetric

cleavage hydrolysis thereof, said gene encoding all or a part

i



1930

1940 1950 1960 1970 1980

~ATTCCTGAAACGT CGCAAATACAAGCAGT AAACCGGECATTCTACGAGAACGATGATGACA

2 37 -
\457

PheLeuLysAr gAr gLysTyrLys@ n***

1990 2000 2010 2020 2030 2040

ATACACACTTCEACAACNGﬁCEWCEfEfITGACEECEACACCENTGCAACCEECTT

2050

2060 2070 2080 2090

AGGCGT TACGGCGCACCGACAT TCAAT CAGATACCAT CGGGCGAACGECT

2110

2120 2130 2140 ZISMW

TGCATCGCGCT GATGCTGAAGCACCGT TCOGT CAGATE

10

15

20

of the amino acid sequence of the first to 457th amino acids
shown in SEQ ID No. 1.

16. A DNA fragment containing a gene for a protein
having an eniymatic activity for conversion of 5-substituted
hydantoins into corresponding D-N-cérbamoyl-a-amino acids by
asymmetric cleavage hydrolysis thereof, said gene having all
or a part of the nucleotide sequence of the first to 2518th
nucleotides shown in SEQ ID No. 1 or an equivalent thereto.

17. An enzyme protein containing all or a part of
the amino acid sequence of the first to 472th amino acids
shown in SEQ ID No. 2 and_having an enzymatic activity for
conversion of 5~-substituted hydantoins into corresponding D-N-
carbamoyl-a-amino acids by asynunétric cleavage hydrolysis
théreof.

18. An enzyme protein containing all or a part of
the amino acid sequence of the first to 457th amino' acids
shown in SEQ ID No. 1 and having an enzymatic activity for
conversion of 5-substituted hydantoins into corresponding D-N-
carbamoyl-a-amino acids by asymmetric cleavage hydrolysis
thereof.

'19. A gene for a protein having an enzymatic
activity for conversion of 5-substituted hydantoins into
corresponding D-N-carbamoyl-a-amino acids by asymmetric

cleavage. hjdrolysis thereof, said gene encoding all or a part



2170 2180 2190 2200 2210 2220 10
~ CCAGGCACGCT GGAAAT GCT GATGECGGECEEGET CAGT CGECTGCGACATCCTCCAACATG

2230 2240 2250 2260 2270 2280
- CAGACCGT GT OGGT CAT CGOGGT GACGGACCCOGAGAAAAAGACCCGT CTCGCGAAGACA
2290 2300 2310 . 2320 2330
TGCGCCGGGCAGGACTTCATCGCCAACGCTCCTGTGCTCCTGTGTTT TCTT
2350 2360 2370 2380 2390 mmmml " ’m
* GOGCGCCCCGCCAGGGT CECCTCCACGAT T TCTTTTCGCGT
2410 2420 2430 2440 T ®2450 2460
- 38 -

GACACCTTTCTGGECGT CCATCAGCGATTGI TCCATCT TCGCGCAAAACCT TGTTCTCGCC

of the amino acid sequence of the first to 485th amino acids
shown in SEQ ID No. 3.

'20. A DNA fragment bontaining a gene for a protein

having an enzymatic activity for conversion of 5-substituted

5 hydantoins into corresponding D-N-carbamoyl-a-amino acids by

asymmetric cleavage hydrolysis thereof, said gene having all

‘or a part of the nucleotide sequence of the first to 1569£h

nucleotides shown in SEQ ID No. 3 or an equivalent thereto.

21. An enzyme protein containing all or a part of

10 the amino acid sequence of the first to 485th amino acids

shown in SEQ ID No. 3 and having an enzymatic activity. for

conversion of 5-substituted hydantoins into corresponding D-N-

ca‘rbamdyl—a-émino acids by 'asymmetric cleavage hydrolysis

thereof.



2470 2480 2490 2500 - 2510

GCGGAAT CCCT CGGCAT GEGECACCT GCTAT GT CGEGAGCCT GCGCAACCGECCTGATC SEQ I D NO 2
“SSEQUENCE LENGTH: 2105 SEQUENCE TYPE:. nucleic acid SEQUENCE:
510 20 30 40 50 60 :

GTCGACT TCAACT CGT TCCGCCT CGAACGAGAGCGCT CTGCACAGAATCGT CTTCGCTAG 10
70 80 90 100 110 120 .
GCCGCCGT TCCGCTTGACAGCT TCAAAACACCATGCAAACT TGTATAAAGAATTACATTC

130 140 - 150 160 170 180
CATATACGGAACAAACT CTTCAATCCT GAGAGCGACAPEATGGACATCATTATCAAAAAC

Met Aspl |l ell ell eLysAsn 15 190 200 210
220 230 240 - '

GGAACCAT CGT GACCGCGGATGGCATTTCTCGCGCCGAT CTCGGGAT CAAGGATGGCAAG

G yThrileval Thr Al aAspGuy Ll 228 L8 L RES B BHTLELEELY SASPA YLYS

There is discloses the production of D-N-carbamoyl-

a-amino acids from 5-substituted hydantoins wusing a
hydantoinase produced from a transformant microorganism

5 transformed with a recombinant DNA of a DNA fragment contain-

ing a gene for a hydantoinase derived from a specific

microorganism of the genus. Bacillus, Agrobacterium or

Pseudomonas and a vector DNA.



- 39 - 250 - 260 | 270 280 290

300 ATCACCCAGAT CGGCGGECGCGCT CEECCCAGCGGAGCGGACGAT CGACGCGGECCGECCGL
11 eThrd nl | ed yd yAl aLeud yProAl ad uArgThr || eAspAl aAl ad yArg
-310 320 330 340 350 360 5

TACGT CTTTCCGGGECGGCATAGACGT TCACACGCAT GTCGAAACGGT CAGCTTCAACACG

Tyr Val PheProd yd yl | eAspVal Hi sThr H sVal A uThr Val Ser PheAsnThr.

370 380 390 400 410 420
CAGTCGGCCGACACGT TCGCAACAGCGACGGT CECEECCGLCT GTGGCGGAACGACAACC

A nSer Al.aAspThr PheAl aThr Al aThr val Al aAl aAl aCys@ yd yThr Thr Thr 10
430 440 450 460 470 480
ATCGTCGATTTCT GT CAGCAGGAT CGCGGECCACAGCCT GGCGGAACCCGT CCCCAAGT GG

I I eVal AspPheCysd nd nAspArgd yHi sser LeuAl ad uProVal ProLysTrp

Fig.1l .

Sal I

piC1e pAH1043

4. 6Kbp

Sal I

- Sac

Fig.2 .




490 500 510 520 530 540
GACGGTAT GGCCGECGECAAGT CGBCGATCGATTACGGECTACCACATCATCGTGCTCGAC 15
Aspd yDet Al ad yd yLysSer Al al | eAspTyrd yTyr Hi sl | el | eVal LeuAsp
‘550 560 570 580 590 600
CCGACCGACAGCGT GATTGAGGAGCTGGAGGTGCTTCCCGATCTTGGCATTACCTCCTTC
ProThr AspSer Val | | e@ u@ uLeu@ uVal LeuPr oAspLeud yl | eThr Ser Phe
610 620 630 640 650 660

- 40 -

AAGGT CTTCATGGCCTAT CGCGGCAT GAACAT GATCGACGACCTGACGCTGCTGAAGACG
LysVal PheMet Al aTyr Argd yMet Asnret | | eAspAspVal Thr LeuLeuLysThr
670 680 690 700 710 720
CTCGACAAGECGGTCAAqﬁﬁgggATCGCTCGTCATGGTGCACGCGGANMMIXXIEKIR]:

Nde

BstB I

Pst I

EcoR [
Kind U

Fig.4




5 LeuAspLysAl aVal LysThr @ ySer LeuVal Met Val H sAl ad@ uAsnd yAspAl a

730 740 750 760 770 . 780
GCCGACTATCTGCGCGACAAGT TCGT GGCCGAGGGECAAAACCGECGCCGATCTACCACGCG
Al aAspTyr LeuAr gAspLysPheVal Al a@ ud yLysThr Al aProl | eTyr Hi sAl a
790 800 810 820 830 . 840 10
CTCAGCCGECCCGCCCCGEGT CGAAGCCGAGGCAACCECECEEECCCT CGCCCTGECCGAA

LeuSer Ar gPr oPr oAr gVal G uAl ad@ uAl aThr Al aAr gAl aLeuAl aLeuAl ad u

850 860 870 880 890 900
ATCGTCAACGCCCCCGATCTACATAGT CCATGT GACCTGCGAGGAGT CCCTTGAGGAGGT G
Il evVal AsnAl aProl |l eTyrl 1 eVal H sVval Thr Cysd@ ud uSer Leud ud uVal
910 920 930 940 950 960
ATGCGCGCAAAAT CCCGAI CTGGCGGAAACCTGCACGCATTACCTTTAC

Met Ar gAl aLysSer Arg@ yVal Ar gAl aLeuAl ad uThr CysThr Hi sTyr LeuTyr

970 980 990 1000 1010 1020
CTCACCAAGGAAGACCT GGAGCGGCCGEAT T TCGAAGGT %ﬁsAATACGT TTTCACACCG
[

pUC18

pPHD301

80kbp Sph I

l EcoR 1
Sac I Smal

15




- 41 -

LeuThr Lysd uAspLeud uAr gPr oAspPhed ud yAl aLysTyr Val PheThr Pr o
1030 1040 1050 1060 1070 1080
CCGGCCCECGCGAAGAAAGACCATGACGT TCTCTGGAACGCACTCAGAAACGGTGTGITC
Pr oAl aAr gAl aLysLysAspH sAspVal LeuTr pAsnAl aLeuAr gAsnd yVal Phe
1090 1100 1110 1120 1130 1140
GAAACGGT TTCCTCCGACCATTGCTCCTGECT CTTCAAGGEGCACAAGGACCEEEECCEG
G uThr Val Ser Ser AspHi sCysSer Tr pLeuPheLysd yHi sLysAspAr gd yArg
1150 1160 1170 1180 1190 1200
AACGACT TTCGCGCCATCCCGAACGECECGECCEEECGT CGAGGAACGGT TGATGATGGTC
AsnAspPheAr gAl al | ePr oAsnd yAl aProd yVal G ud uAr gLeuMet Met Val
1210 . 1220 1230 - 1240 1250 1260
TATCAGGEECGT CAACGAAGGCCGGATTTCCCT TACCCAGT TCGT GGAACT GGT CGCCACG

I oy

10



: TyrG nkavaIAsnG uG‘yArgIIeSerLeuThrG nPheVal d uLeuVal Al aThr
1270 1280 1290 - 1300 - 1310 1320 15
GGCCCGGCCAAGGT CTTCGGAATGT TTCCGCAAAAGGGGACGATCGCGGTCGGTTCGGAC

£ gProAl aLysVal Phed yMet PhePr oG nLysd yThr | | eAl aval G ySer Asp

1330 1340 1350 - 1360 1370 1380
GCCGACATCGT CCT TTGGGACCCCGAGGCCGAAAT GGT GATCGAACAGACCGCCATGCAC
Al aAspl | eval LeuTr pAspProd uAl ad uMet Val | | e@ ud nThr Al aMet H s

- 42 - 1390 14 1410 - 1420 1430 _
1440 AACGCCATGGATTACT CCTCCTACGAGGGACACAAGGT CAAGGROGT GCCGAAGACGGTG
AsnAl aMet AspTyr Ser Ser Tyr G ud yHi sLysVal Lysd yVal ProLysThr Val

1450 . 1460 1470 1480 . 1490 - 1500 -

Engllsh translation of Amendment under Article 34 (2)(b)
To Examiner of Patent Office
1. Case No. .
PCT/JP95/02688
5 2. Appllcant '_ |
| Kanegafuchi KagakuﬂKoQYo Kabushiki Kaisha
'3._.Agent | |
| AOYAMA Tamotsu

4. Date of ertten Oplnlbn

0 - 10/09/96
5. Document to_be;aﬁended :

'Description-

6. Amendment_ _ _
. (l) Page 6, lines 8-7 from the bottom (page 8, line'iO_
15 of the'English'teﬁt), change "Bacillus sp. .... KNK712" to
“Agrobadtetiuﬁ sp. KNK712, Bacillus sp. KNK245".

.(2) Pagest24-t6 30 (pages 32 to 38 of the English.text); )
.changé_SEQ. No. 1 to one ghown-in the attached substituted
pages (change to SEQ. No. 2 és_filed).

20 ' (3) Pages 30 to 35 (pages 38 to 43 of the Englishztext),
changetSEQ. No. 2 to one.shown-in the attached substituted
pagés (changé to SEQ No. 2 of Japanese Pateht'Application
6/326865 on which the priority of thé preéent épplicatidn is

claimed).



S CTCCTGCGT GGCAAGGT TATCGT CGACGAAGGT TCCTAT GT CGGCGAACCGACGGACGGG
"LeulLeuAr gd yLysVal'l | eval Aspd ud ySer Tyr Val @ yd uProThr Aspd y
1510 " - 1520 1530 1540 1550 1560
. AAATTCCTGAAACGT CGCAAATACAAGCAGT AAACCGGCATTCTACGAGAACGATGATCGA |
‘LysPheLeuLysAr gAr gLysTyrLysd n*** 10 . 1570 1580
1590 1600 1610 1620 _ .
CAATACACACTTCGACAAGT GT CGT CACGCCT GACGECGACAGCGT TGCAAGCGECTTCG
1630 1640 1650 . 1660 _ , 1670 1680 o
ACAGGCGT TACGGCGCACCGACATTCAATCAGATACCA‘?CGCII:GAACCI;CT GGTGTCGG
1690 1700 1710 1720 1730 1740 15
ACTGCATCGCGCTGATGCT GAAGCACCGT TCCGT CAGACGCTACACGEGEEGAACCTCTCC
1750 1760 . 1770 1780 1790 1800
CCCCAGGCACCCHGCAAR KT Fefetdmed$GT CAGT CGGCTGCGACATCCTCCAACA
1810 1820 - 1830 1840 1850 -~ 1860 - .
: . Substituted pages 6 and 24 to. 35 one copy
of Description (pages 8 and 32 to - '
43 of the English text) '



= 43 -

T GCAGACOGT GT CGGT CAT CGCGGET GACGGACCCCGAGAAAAAGACCOGT CTCGOGAAGA

1870 - - 1880 1890 1900 1910 1920
. CATGCGCCGEGCAGGACT TCATCGCCAACGCTCCTGI GCTCCTGTGT TTCGT GACGGATC
1930 1940 . 1950 1960 1970 1980 5

TTGCGCECCCCCCCAGGGT CGCCTCCACGAT TGECGCCGATCTTTTCGCGT TGCCGATGA

1990 ~ 2000 2010 2020 - 2030 _ 2040
TCGACACCT TTCTGGECGTCCATCAGCGATTGT TCCATClgl CGCGCAAAACCTTGTTCTCG

2050

2060 2070 = 2080 2090 2100

CCGCGGAAT CECT CGECATGEECACCTGCTAT GT CGEGAGCCT GCGCAACCGECCTGATC 10

gjoscee

10

15

20

25

site for translation of thé nucleotide sequence portion

‘encoding a hydantoinase protein into the protein is determined

and, by considering the relation to the molecular wéight of

‘the proteih., it is confirmed that the enzyme protein is

encoded in the gene portion extending from this site to the

términation codon, thereby verifying the desired 'gene

(Mqlecular Cloning, A Laboratory Manual, 2nd Ed., Cold Spring'
Harbor Laboratory Press, Chapters 4 and 13).'. Thus, DNA

fragments of SEQ ID Nos. 1, 2 and 3 were obtained from .

Agfobacteriﬁm sp. KNK712 and Bacillus sp. KNK245, Pseudomonas
sp. kNK003A.-,As is well known, the gene ehcdding the enéyme
thus obtained and/or DNA fragment containing it are equivalent
to DNA fragments ha&ing another nucleotide sequence which
encodes an amino écid.sequence corresponding to the above gene

and/or DNA fragment because one amino acid_usually'cbrresponds

to a plurality of base codons.

As the veétor tb-be used.in the.present-ihvention,
plasmids, phages or derivatives thereof can be used, which are
deriﬁedlgrom microorganisms énd can be autonomoﬁsly grown in
cells of bacteria' belonging to the genus Eséherichia,

Pseudomonas, Flavobacterium, Bacillus, Serratia,

Corygebacterium or Brevibacterium.

For example, host-vector systems described ‘in

~ “Guidelines on Recombinant DNA Experiments, -Commentation, Q

and A-" (the Life Science Section of the Research Development



SEQUENCE LENGTH 1569  SEQUENCE TYPE: nucl ei ¢ aci d

SEQ.ID NO 3
158ECUENCE 10 20 © 30 40
56 - - . 60
TGGGAACCTGAAAACGAAATATCCCGCCGGACGGTGGGAAGGTGAAAGGAGGAGTCTCCA
44 - .
Net 70 80 - 3 - 100 110
120 TGACAACAGWTATCAAGEEIGEAAO ATOGT OCOOGOOGAT CGCAGCTATGAAGCCGATA

Thr Thr Val | | eLysd y G A Sn A S s uAIaAspIIe
SEQ ID NO: 1-

SEQUENCE LENGTH: 2105

SEQUENCE TYPE: nucleic acid

SEQUENCE:

10 200 30 40 50 60

GTCGACTTCAACTCGTTCCGCCTCGAACGAGAGCGCTCTGCACAGAATCGTCTTCGCTAG

70 80 %0 100 110 120

GCCGCCGTTCCGCTTGACAGCTTCAAAACACCATGCAAACTTGTATAAAGAATTACAETC

130 140 150. 160 170 180
CATATACGGAACAAACTCTTCAATCCTGAGAGCGACATCATGGACATCATTATCAAAAAC

MetAsleeIleIleLysAsn,

190 200 210 220 230 240

GGAACCATCGTGACCGCGGATGGCATTTCTCGCGCCGATCTCGGGATCAAGGATGGCAAG

: GlyThrIleValThrAlaAspGlyIleSerArgAlaAspLeuGlyIleLysAspGlyLys



5 .. 130 140 =~ 150 160 170 180 -
TCCTGATCGAAGGCGAAAAGAT.CGCCCAGAT CGGCAGGGAT CTGCAGGGCGACAAGATTG '
Leul 'ed ud yd uLysl | €Al ad@ nl | ed. yAr gAspLeud nd yAspLysl | eVal

190 200 210 . 220 - 230 _ 240

TAGACGCCGAGGGT GCCTATATCATTCCCGGCGGECATCGATCCTCACACGCATCTTGAAA 10

AspAl ad ud yAl aTyrll el | eProd yd yl | eAspPr ot sThr H sLeud uMet

250 260 270 280 290 300
TGCCCTTTATGGGCACGACCACT GCCGAGACCT GGGAGT CCGECACTTTCGCGECTCTCT

ProPheMet d yThr Thr Thr uThr Trg&gduSerd y PheAl aAl gheuSer S
310 320 15680 1T 388 sl asbabey 290 300

CCGGCGGCACCACGA
O AR cacoccoccscccoe

370 - 380 ' 11eTh382nIleclyP9rlareuctyProalac1dRBqThrIleAspalanlaGlyAr
CCT TCGATCAATCIBCAGGAGACIIBCACII&BC%ACBCT TCG'% CCGACT. A‘CTCG%T GCATA B2 Yerd
- PheAsp@G@ nTr pd nG uAr gAl aAl aAr gQ@ nAl aser ser AspTyr Ser LeuHi sMet

' 310 320 330 340 350 360
TACGTCTTTCCGGGCGGCATAGACGT'I'CACACGCATGTCGAAACGGTCAGCTTCAACACG

 TyrValPheProGlyGlyIleAspValHisThrHisValGluThrValSerPheAsnThr

370 380 - 390 400 410 420
CAGTCGGCCGACACGTTCGCAACAGCGACGGTCGCGGCCECCTGTCGCGEAACGACAACE

GlnSerAlaAspThrPheAlaThrAlaThrvValAlaAlaAlaCysGlyGlyThrThrThr

430 . 440 450 460 470 . 480
ATCGTCGATTTCTGTCAGCAGGATCECGECCACAGCCTGGCGGAACCCGTCCCCARGTGE |

IleValASpPheCysGlnGlnAspArgGlyHi sSerLeuAlaGluProValProLysTrp

490 500 510 520 530 540
GACGGTATGGCCGGCGGCAAGTCGGCGATCGATTACGGCTACCACATCATCGTGCTCGAC

AspGlyMetAlaGlyGlyLysSerAlal leAspTyrGlyTYrHisIleIleValLeuAsp

550 560 570 580 590 600
CCGACCGACAGCGTGATTGAGGAGCTGGAGGTGCTTCCCGATCTTGGCATTACCTCCTTC

ProThrAspServVallleGluGlulLeuGluValleuProAspLeuGlyIleThrSerPhe



-« 45 - ' " 430 440 -+ 450. 460 470

480 - - TGTGCGT GACCGGECT GGT CAAAGCAGAT CT TCGAGGACAT GECGAAGGT GGTCGAGCECG
CysVal Thrd yTr pSer Lysd nl | ePhed uAspMet Al aLysVal Val A uArgdy

490 500 510 . 520 530 540 5
GTGWCAACACCTTCAAGCATTTCATGECCIATAAGEECECGC!EATGEWGAACGACGACG

Val AsnThr PheLysHi sPheMet Al aTyr Lysd yAl aLeukEt Val AsnAspAspd u

. 550 560 570 580 590 600
AGATGTTCGCCTCCTTCCAGCGCT GCGCCECCCT GGECGCCCTCCCGCTCGTGCATGCGG

Met PheAl aSer Phed nAr aAl aLe Al aLeu LeuVal H.gAl a3 u 0

610 . 620 ggg&ﬁ' 7 fad gaa 66510 65 660

AAAACGGCGACATCGI@@@@E@@@I@@@@@@M EOLEEASEANGRTEREACRED '
Asnd yAspl | evVal Al aSer Leud n@ nLysTyr Y ¢ gACGCTGCTGAAGACG

LysValPheMetAlaTyrArgGlyMetAsnMetIleAspAspValThrLeuLeuLYsThr

670 680 690 700 710 720
'CTCGACAAGGCGGTCAAGACCGGATCGCTCGTCATGGTGCACGCGGAAAACGGCGACGCC

LeuAspLysAlaValLysThrGlYSerLeuValMetValHisAlaGluAsﬁGlyAspAla

730 740 750 760 770 780
: GCCGACTATCTGCGCGACAAGTTCGTGGCCGAGGGCAAAACCGCGCCGATCTACCACGCG'

AlaAspTereuArgAspLysPheValAlaGluGlyLysThrAlaProIleTyrHlsAla

790 800 810 820 . 830 840
- CTCAGCCGCCCGCCCCGEETCCAAGCCGAGGCAACCECECGEGCCCTCGCCCTGGCCGAA

LeuSerArgProProArgValGluAlaGluAlaThrAlaArgAlaleuAlaleuAlaGlu

850 860 870 880 890 900
ATCGTCAACGCCCCGATCTACATAGTCCATGTGACCTGCGAGGAGTCCCTTGAGGAG&&G

IlevalAsnAlaProIleTyrIleValHisValThrCysGluGluSerLeuGluGluval

910 920 930 . ' 940 950 960
- ATGCGCGCAAAATCGCGAGGCGTCCGCGCTCTEGCGGAAACCTGCACGCATTACCTTTAC

MetArgAlaLysSerArgGlyValArgAlaLeuAlaGluThrCysThrHisTereuTyr



670, 680 690 700 710 . 720
CGGAGGCTCATGCCTAT TCCCGCCCGCCCGAGGT CGAGGECGAGECCACCAACCGCGLCA 15
@& uAl aHi sAl aTyr Ser Ar gPr oProd uVal G ud yd uAl aThr AsnArgAl al | e
730 740 750 760 770 - 780
TCATGATCGCCGATGCCGCAGGCGT GCCGGTCTATATCGT GTCTCCTGTGAACAGG

Met | | eAl aAspAl aAl ad yVal ProVval Tyr || eval H sVal Ser Cys@ ud nAl a

790 800 810 820 830 840

- 46 - :

CGCACGAAGCGAT CCGCCGCGLA gﬁfﬁA GCGCG% AT GapCCTCA 10

H sd uAl al | eAr gAr gAl aAr g Lysd yMet Ar gVal §§G'yG uProLeul l e 10 - 1020
- 850 860 cTCAC&XRGGAAGAC@@@GAGCGGCE&@ATTTCGA%@@TGCGAAATACGTTTTCACACcc

TCCAGCACCTGCTGCTTGACGAGT CCGAGT ACAAGAGAGCCGACT GEGACGAGECECTC

LeuThrLysGluAspLeuGluArgProAspPheGluGlyAlaLysTera1PheThrProm
1030 1040 1050 1060 1070 1080

CCGGCCCGCGCGAAGARAGACCATGACGTTCTCTGGAACGCACTCAGARACGGTGTGTTC

ProAlaArgAlaLysLysAépHisAspValLeuTrpAsnAlaLeuArgAsnGlYValPhe

- 1090 1100 1110 - 1120 1130 - 1140 .

GAAACGGTTTCCTCCGACcATTGcTcCTGGCTCTTCAAGGGGCACAAGGACCGGGGCCGG-"'

GluThrValSerSerAspHisCysSerTpreuPheLysGlyHisLysAsprgGlyArg

1150 1160 1170 1180 - 1190 1200
AACGACTTTCGCGCCATCCCGAACGGCGCGCCGEGCGTCGAGGAACGGTTGATGATGGTC

AsnAspPheArgAlaIleProAsnGlyAlaProGlyValGluGluArgLeuMetMetVal

. _ ' 1210 1220 .1230 1240 . 1250 1260
TATCAGGGCGTCAACGAAGGCCGGATTTCCCTTAQCCAGTTCGTGGAACTGGTCGCCACG-

TyrGlnGlyValAsnGluGlyArgIleSerLeuThrGlnPheValGluLeuValAlaThr

- 1270 11280 1290 1300 1310 1320
'CGCCCGGCCAAGGTCTTCGGAATGTTTCCGCAAAAGGGGACGATCGCGGTCGGTTCGGAC

'ArgProAlaLysValPheGlyMetPheProGlnLysGlyThrIleAlavalGlySerAsp



5: .. d nH sLeuLeuLeuAspd uSerd uTyr LysAr gAl aAspTr pAspd uAl aAl aArg

910 -~ 920 930 940 950 960

GGCGGEGET GATGTCCGCGCCATTCCGCGATAAAAGCCAT CAGGACAGCCTCTGEGCTGGGEC

. ArgVal Mer Ser-Al aPr oPheAr gAspLysSer H sA nAspSer LeuTr pAl ad ylLeu

970 ' 980 990 1000 1010 1020 10
TCGCAGCGGGCT CGCT GCAGGT CGT GGCAACGGACCACT GEG3ETFTACCACT GAACAGA
Al aAl ad ySer Leud nVal Val Al aThr AspHi sCysAl aPheThr Thr G ud nLys
1030 1040 1050 1060 1070 1080

AGCGGCTGEGACTCAACGACT T
Ar gLeud yLeuAsnAspPhe1§é§ysl I er yThrlgﬁG yLeu@il3l§/QspArg 137G 1380

coTTaToocTaoTCr e AT SEAEF AR EACLEEaARREREARPTRROSARE R cAGACCaCeaTaea
LeuserLeULeUTrDKE&X¥?%@éVﬁEE&ﬁ??ggk%ﬁE@bﬁ%ég%Eﬁ%ﬁ%%gggﬁTgéTuG;nThrAlaMetHis'

1150 1160
TCGCCGTCACCT CCACCAATATCGCACAAATCCT GAACATCT ATCCGCAAAAGGGCGCAA

1390 1400 1410 1420 1430 1440
AACGCCATGGATTACTCCTCCTACGAGGGACACAAGGTCAAGGGCGTGCCGAAGACGGTG

~ AsnAlaMetAspTyrSerSerTyrGluGlyHisLysVallLysGlyValProLysThrval

1450 1460._' 1470 1480 1490 1500
. ' 'CTCCTGCGTGGCAAGGTTATCGTCGACGAAGGTTCCTATGTCGGCGAACCGACGGACGGG

LeuLeuArgGlyLysValIleValAspGluGlySerTyrValGlyGluProThrAspCly

1510 . 1520 1530 - 1540 . 1550 1560
| ARATTCCTGAAACGTCGCAAATACAAGCAGTAAACCGGCATTCTACGAGAACGATGATGA

LysPheLeuLysArgArgLysTyi:LysGln* **

1570 1580 1590 1600 1610 1620

CAATACACACTTCGACAAGTGTCGTCGCGCCTGACGGCGACAGCGTTGCAAGCGGCTTCG

1630 - 1640 1650 1660 1670 1680

ACAGGCGTTACGGCGCACCGACATTCAATCAGATACCATCGGGCGAACGGCTGGTGTCGG

1690 1700 1710 1720 1730 1740

ACTGCATCGCGCTGATGCTGAAGCACCGTTCCGTCAGACGCTACACGGGGGAACCTCTCC :



- -47 .

Al aVaI ThrSerThrAsnI | eAl ad nl | eLeuAsnI | eTyr Prod nLysd yAl all e

1210 1220 1230 1240 1250 1260
.FCCTGCCTGGGT CCGATGCCGACCT CGT CGT CTGGGAT CCAGCCAAAT CGAAGAAGATCA :
LeuPr oG ySer AspAl aAspLeuVal Val Tr pAspPr oAl agsSer LysLysl | eThr 5
1270 1280 1290 1300 1320
CTGCTTCCGCTCAGAAATCCATCATCGACTACAATATCTTCGAGGEGCTACGAGGT GACCG

"Al aSer Al ad nLysSer |l ell eAspTyrAsnl | ePhed ud yTyrd uVval ThrQ@y

égigccceceiiigACGCTC%%i%%CCGCEigzggCTATGééég&AGEww(éggﬁécAACG 470 1800

‘Met ProAr gTyr Th
Tas0 I jo0 CECSREGHASSHR L TERR e Cet e SR cancatceTeeanca

MCWTC&%TACETTCGTCGA&&CCRCCTTT@C&CGTCA&CGFG
1810 1820 1830 -~ 1840 1850 1860

| TGCAGACCGTGTCGETCATCGCGGTGACGGACCCCGAGAAAAAGACCCGTCTCGCGAAGA

1870 1880 1890 1900 1910 . 1920
CATGCGCCGGGCAGGACTTCATCGCCAACGCTCCTGTGCTCCTGTGTTTCGTGACGGATC

1930 1940 1950 1960 1970 1980
TTGCGCGCCCCGCCAGGGTCGCCTCCACGATTGGCGCCGATC TTTTCGCGTTGCCGATGA

1990 2000. 2010 - 2020 2030 - 2040
TCGACACCTTTC'.T.'GGCGTCCA‘I’CAGCGATTGTTCCATCTTCGCGCAAAACCTTGTTCTCG :

12050 2060 2070 2080 2090 2100
CCGCGGAATCGCTCGGCATGGGCACCTGCTATGTCGGGAGCCTGCGCAACCGGCCTGATC

CCGGG



ProAr.gProd yArgd yAr gPheVal G uAr gAr gPr opheAl aAl aVal Ser Ar gAl a
‘1450 . 1460 1470 1480 1490 1500 15

CCCTTTCAACCT GGAAGGAGAT CGT CGCT CCGCGT GOGGT GGAGCGCT CGGCAAAGCATA
.LeuSer Thr Tr pLysd ul | eVal Al aPr oAr gAl aVal G uAr gSer Al aLysHi sMet

1510 1520 1530 - 1540 15 1560
TGCCGATCGGCGT TTGAATTTTGGGAGBCAGGCTCGAACTA TGGECCTGTCTCAGG :
Proll ed yVval *** _ _ _ © - 48 - . ACAATCCAT -

SEQ ID NO: 2 .
' SEQUENCE LENGTH: 1776
SEQUENCE TYPE: nucleic acid

SEQUENCE:

10 20 30 . 40 50 60

ATTAACNCGGACGTCTGTATAAATTCCAACAAGTGCTATATCGCCTGTGAAGATGCTTCC

70 80 90 100 110 - 120
CACCAATGCATTGACCGCGTAGCGGATGAAAACGGTARAGAGTATTTAAAAGTACGCGAR

130 140 150 160 170 180

GACGATTGTGTAGGCTGTAATTTATGTTCCATTGTATGTCCTGTGGACGGTGCCATTGAC

190 200 210 220 230 240

ATGGTTGAACTTCCTAATGAGCTTCCGCCGATGACGTGGAATGAACCCCAAGCANCCTAG

250 260 270 280 290 .300

GCGCACTAGCAGCTGTAATATTGACGTAAAATAAAAAAACAGCCAAAGAGGGGGAATGCC

310 320 330 340 350 360
AAGTGARAAAGATCATTAAGAACGGAACGATTGTCACAGCAACCGATACGTATGAAGCCE |

MetLysLysIleIleLysAsnGlyThrIlevalThrAlaThrAspThrTyrGluAlaAsp



What is clainmed is: _ 1. = A transformant m croorgani sm
obtai ned by transformng a host mcroorganismw th a reconbi nant -
BNA" of - a DNA fragnment containing a gene encodi ng an enzynme which 5
.converts 5-substituted hydantoins into corresponding DN '
car banoyl - a-am no aci ds by asymmetric cleavage hydrol ysis-

(hereinafter referred to as hydant oi nasey Wrived from Baci | | us sp.
“KNK245 (FERM BP-4863), Aarobacterium sp. KNK712 - (FERM BP-1900) or
Pseudononas sp. KNKOO3A (FERM BP-3181) and 10 a vector

DNA.
oot n TSt SRR T o Ly LR g
Lhe genus. Eochef i dmc AMUIRIORS A parrce MANASLERC U ARG biAnarrans
3 A ranst or oyl k68 9869AL 50 96007 SLRGabL £ 86Ty argparpRenlBEAShAntIGALa

‘transformant mcroorganismis 'a Co
Escherichia coli HB101 pTH103, Escherichia col

430 440 450 460 470 480
'CGGAAGTGGTTGATGCAAAAGGATGTTACGTGTTTCCCGGCEGCATTGATCCGCACACGT

GluValValAspAlaLysGlyCysTyrValPheProGlyGlyIleAspProHisThrHis

4% . 500 510 520 530 540
ATTTAGATATGCCGTTTGGAGGCACGETGACAAAAGACGATTTCGAATCGGGAACGATCG

B LeuAspMetProPheGlyGlyThrValThrLysAspAspPheGluSerGlyThrIleAla

550 - 560 - 570 580 590 600
CAGCCGCTTTTGGCGGAACGACAACGATTATCGATTTTTGTTTAACAAATAAAGGCGAGT

AlaAlaPheGlyGlyThrThrThrilelleAspPheCysLeuThrAsnLysGlyGluSer

610 620 630 640 650 : 660
CATTGAAAAAAGCGATTGAAACTTGGCATAACAAAGCAAAAGGAAAAGCGGTTATCGATT

LeulLysLysAlalleGluThrTrpHisAsnLysAlaLysGlyLysAlavallleAspTyr

670 680 690 700 710 720
ATGGATTCCATTTAATGATTGCTGAAATGAACGAAGATGTGTTGGAAGAATTGCCGAAAA

GlyPheHisLeuMetI1eAlaGluMetAsnGluAspValLeuGluGluLeuProLysIle



HB101 pTH104 (FERNIBP—4864) Escherichia coli HB101 pAH1043 20 .(FERM

~BP-4865) or Escherichia coli HB101 pPHD301 (FERM BP- ' 4866) .

‘4. A process for producing an enzyne which converts 5-substituted
hydantoi ns into correspondi ng D N-carbanoyl - am no aci ds by
“asymmetric cl eavage hydrol ysis thereof mhlch

- 50 - conprises using the transt®rrant n1croorgan|sn1accord|ng
to any one of claims 1-to 3. 5. A process for
produci ng D- N-car banoyl - a- am no aC|ds mhlch conprises using the
enzynme obtai ned by a process 5 according to cIa|n14 '
6. A process according 73% clai m B0 wherei n?3%e 5- 760 _ subst 770t ed 780

hydantoin is a féﬂ@?&ﬂc&&&ég F‘FA@XT&QTT‘%E}?IE(ET&"GTTCATGGCGTATAAAAAT&TTTTCC_

IleGluGluGluGlyIleThrSerPheLysValPheMetAlaTerysAsnValPheGln

790 . 800 - 810 820 830 840
AAGCGGACGACGGCACTTTATACCGAACCTTGCTTGCGGCGAAAGAACTGGGTGCACTCG

.AlaAspAspGlyThrLeuTYrArgThrLeuLeuAlaAlaLysGluLeuGlYAlaLeuVal

850 860 870 880 890 900
. TAATGGTTCATGCCGAAAACGGTGACGTCATCGATTATTTAACGAAAAAAGCGATCGCTG

MetValHisAlaGluAsnGlyAspVallleAspTyrLeuThrLysLysAlaIleAlaAsp

. 910 . 920 930 940 950 960
ATGGTAATACTGATCCGATTTACCATGCACTCACAAGACCTCCGGAAGTGGAAGGTGAGG

GlyAsnThrAspProIleTyrHisAlaLeuThrArgProProGluValGluGlyGluAla

970 - 980 990 1000 1010 1020
_CGACAGGACGTGCATGTCAATTAACAGGTCTTGCTGGTTCTCAACTTTATGTTGTTCATG

ThrGlyArgAlaCysGlnLeuThrGlyLeuAlaGlySerGlnLeuTyrValvalHisVal



wherein R is phenyl, phenyl substituted wth hydroxy, alkyl, 10

'substituted al kyl, aral kyl or thienyl. 7. -A reconbi nant
pfasni d obtai ned by reconbination of a DNA fragnent encoding
hydant oi nase derived from Bacill us sp. KNK245 (FERM BP-4863) and a

pl asm d (pUCNT) and having the . ‘restriction enzyne map of any of

Figs. 2 to 4. 15 8. A reconBilnant plasm d according to claim
-7, - wherein the reconbinant plasmd i-s pTH102, pTH103 or- pTH104.

9. A reconbinant plasm d obtainabl e by reconbi na- tion of a DNA

~fragnment encodi ng hyd I nase risved fr robact er.i sp.
KNK712 ( FERM BP;1900)i§h§ a p+a3§#h pu0189%§8 an&%%gving S et i ot}
enzyme map of FipgpedreeeeTCAAGCTGTTGAAAAAATTGCGGAAGCCCGTAACAAAGGGTTGGACGTAT

SerCysAlaGlnAlaValGluLysIleAlaGluAlaArgAsnLysGlyLeuAspValTrp

1090 1100 1110 1120 1130 1140
GGGGAGAAACGTGTCCGCAATATTTAGTTCTCGACCAATCTTACTTAGAAAAACCTGACT

GlyGluThrCysProGlnTereuValLeuAspGlnSérTereuGluLysProAspPhe_

1150 1160 1170 1180 1190 1200
TTGAAGGAGCAAAATACGTCTGGTCTCCTCCGCTCCGAGAAAAATGGCATCAAGATGTGT

GluGLyAlaLysTeralTrpSerProProLeuArgGluLysTrpHisGlnAspValLeu

1210 1220 1230 1240 1250 1260
 TATGGAACGCTTTGAAAAACGGACAGCTCCAAACTTTAGGTTCTGACCAATGTTCCTTTG

TrpAsnAlaLeuLysAsnGlyGlnLeuGlnThrLeuGlySerAspGlnCysSerPheAsp'

1270 1280 - 1290 1300 1310 1320
ACTTTAAAGGACAAAAAGAACTTGGCAGAGGTGATTTCACGAAAATCCCGAACGECGGAC

PheLysGlyGlnLysGluLeuGlyArgGlyAspPheThrLysIleProAsnGlyGlyPro



-»51 - | 10 :A reconbi nant plasm d according to claim?9

wherein the reconbi nant plasmd is.pAH1043. 11. A

r'econbi nant plasnmid obtai nabl e by reconbi na- tion of a DNA fragnent
.ehcodi ng hydant oi nase derived from 5 Pseudononas sp. KNKOO3A (FERM
BP-3181) and having the reconbi nant enzyne map of Fig. 5.

12. A reconbinant plasmd accordjng to CTaﬁ%111 _ wherein the
reconbinant plasmd is pPHD301. ' 13. A gene for a-protein.
havi ng an enzymatic 10 activity for conversion of 5-substituted

aymotric 0 ol ki hydrotrs theld89 . sai dldehe encodAd Al1 od3g0
Chown in sEQ 1 SREL @f?f@&‘?@&éf@fﬁ@&*‘ﬁ%*FﬁT%ﬁ%@%ﬁﬁ&ﬁ%ﬁ%ﬁ%@m

3T Cubsti tut d e EELeq LU A Pl e A et SRR P B e

aci ds by asymretric cl eavage hydrol ysis thereof sai d gene havi ng
al | : or a part of the nucleotide sequence of the first to 1776th
1390 1400 1410 1420 1430 - 1440

CATTAAATCAATTTGTTGACATTATGTCAACGAGAATTGCTAAATTGTTTGGATTATTCC.

LeuAsnGlnPheValASpIléMetSerThrArgI1eAlaLysLeuPheGlyLeuPhePro

1450 ' 1460 1470 1480 1430 1500
CGAAAAAAGGTACTATCGCTGTTGGATCTGACGCAGATTTAGTTATTTTCGATCCAAATA

LysLysGlyThrIleAlaValGlySerAspAlaAspLeuvalIlePheAspProAsnIle

1510 - 1520 1530 1540 1550 1560
TTGAACGGGTAATTTCTGCAGAAACACACCATATGGCCGTCGATTACAATGCATTTGAAG

GluArgValIleSerAlaGluThrHlsHlsMetAlaValAspTyrAsnAlaPheGluGly

1570 1580 1590 1600 1610 1620
GAATGAAAGTGACGGGAGAACCAGTGTCCGTTCTTTCAAGAGGCGAATTCGTCATTCGTG .

MetLysValThrGlyGluProValSerValLeuSerArgGlyGluPheValIleArgAsp



26 - nucl eotides shown in SEQ ID No. 2 or an equival ent t her et 0.

15. . A gene for a protein having an enzymatic activity for
conversion of 5-substituted hydantoins into correspondi ng

D N- car banoyl - a-am no acids by asymetric - cl eavage hydrol ysis

t hereof, said gene encoding all or a part

- 92 - of the amno acid sequeﬁc%3of the first to 457th am no
aci ds shown in SEQID No. 1. - - - R 16.- A DNA fragnent

containing a gene for a protein - havihg an enzymatic activity for

conversion of 5-substjgyged 5 jg4hydantoipgginto coppgspondi ng. 1680
_ asynnePr &Eis

D- N- car banoyl - a- am no acl ds by I ¢ cl éavage hydrol

t hereof, sai d Qg1enAwvaA ' I %bh%%aiﬁﬁ
of the first to 2518th Tmm@&éG?Eﬁﬁ%EE?%%éTgﬁggﬁe%ﬁEQEE?%%Aab. or a#%aaéAA

equiva!e?t ;fmﬂﬁysmhrphevalGlyLysPrOGlﬁiyré@y@ﬂﬁT??LB&Q&%EEg@QB@?S@M%EI?ﬂys
or a part o : :
_ L590' 1700 1710 1720 1730 1740
AACATGCAGTTTcTAAACAAGATGAGAAATTAACCATTTAGTAGAAAGCTGCTCGAAAAT

HisAlaValSerLysGlnAspGluLysLeuThrIle***“

1750 1760 1770

GGCTTATTTCGGTTAAATCAGCGGAACAACTCCCGC

SEQ ID NO: 3
SEQUENCE LENGTH: 1569
SEQUENCE TYPE: nucleic acid

SEQUENCE:

10 20 30 0 50 60
TCGGAACCTGAAAACGARATATCCCGCCGGACGGTGEGAACGTCAAAGGAGGAGTCTCCA

Met
70 80 90 100 110 120
TGACAACAGTTATCAAQGGTGGAACGATCGTCGCCGCCGATCGCAGCTATGAAGCCGATA

| ThrThrValIleLysGlyGlyThrIleValAlaAlaAspArgSerTyrGluAlaAspIle

130 - 140 150 . 160 170 180



10 _ the amino acid sequence of the first to 472th am no ged
shown in SEQ ID No. 2 and havi nhg an enzymatic activity for,--=
conversi on of 5-substituted hydantoins into correspondi ng
car banoyl - a- anlno aci ds by asymmetric cl eavage hydrol ysis
15 18. An enzyme protein containing all or |
the am no acid sequence of the first to 457th am no acids
SEQ ID No. 1 and having an enzynmatic ag%lvity for

5-substituted hydantoins into corresponfing DN o
acids by asymmetric cl eavage hydrolysis 20 t her eof .

19. A gene for a proteim BagitgorN s£GeHEBEdating to hy%%hwiﬁavsé @hich
conversion of 5-substituted hydantoins into correspondi ng

D- N- car banoy! - [ier ah- eunyme &ordsoﬁgentaygnet5+snbstituted.nyeaWEuyh hy€6 otnesi s
t her eof said'Qpne encogdi ng. all or

-3 orrespon 1ng D-N-carbamo?lfi‘ -0~ amino acid is obtained

from thermophilic microorganisms and it is inserted
into mesophilic microoréanisms to produce transformant
microorganisms having hydantoinase activity. Furthermore, in
W094/00577, a hydantoinase gene fragment is isolated from a
5 microorgaz;ism belonging to the genus Agrobacterium and
N/ introduced into Escherichia ,cil.; or a microorganism of the
genus Agrobacterium to express the activity.
Objects of the Invention
In the above-described processes utilizing microbial
10 enzymatic reactions, there are such drawbacks that yields of
the enzyme by -microorganisms known to be its source is
insufficient and, further, culture mediums are expensive.

In addition, with regard - to the transformant

microorganisms disclosed in JP-A 62-87089, the improvement of

15 the enzymatic activity is only several times in comparison

, ' with sporulating thermophilic microorganisms having
p .

hydantoihase activity and ylelds of <the enzyme is yet
insufficient.

Furthermore, there is no example in the prior art

20 that a S5-substituted hydantoin is subjected to asymmetrical

cleavage hydrolysis by using the above-described transformant
microorganism to produce and accumulate the corresponding D~N-
carbamoyl-a-amino acid. '

The present invention is to solve these problems and

25 is directed to the creation of a microorganism having very



of the am no acid sequénce of the first to 485th amino acids

in SEQ ID No. 3.

a protein havi ng an enzymatic activity for conversion
5-substituted 5 hydant oi ns i nto correspondi ng D-N-car ba
aci ds by asymmetric cl eavage hydrol ysis thereof, sai
al | or a part of the nucleotide sequence of the firs
nucl eoti des shown in SEQ ID No. 3 or an equival ent thereto.

shown

20. A DNA fragnent containing a gene for -

af
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21. An enzyne protein containing all-a3 a part of 10 t hel ablboacid
sequence of the first to 485th am no acids shown in SEQ ID No. 3 and

havi ng an enzymatic activity for conversion of 5-sub
hydant oi ns i nto correspondi ng DN

asymetric cl eqya0eddEobySicktracts chReb80fused.

5
&~/

10
w

15

20

t++t-tt-ed
car banoyl - a- am no aci ds by
The preparation of

immobilized enzymes can be carried out according to a conven-
tional method, for example, by adsorbing enzymes on a support,
followed by 'cross-linkl:l.ng treatment.

The 5-substituted hydantoin to be used as a
substrate of the enzymatic reaction of the present invention
is not specifically limited and can be any compound normally
used in this kind of reaction. Examples thereof include that
represented by the general formula (1):

R-CH-C=0
Vb
HN NH (L
\/
c
[
)

The substituent R in the compound of the formula (1)
can be selectea in a wide range. In order to provide
industrially useful products such as intermediate compound_s
of drugs, preferably, R is phenyl, phenyl substituted with
hydroxy, alkyl, substituted alkyl, aralkyl or thienyl. In the
case of phenyl substituted with hydroxy, the number of hydroxy
may -be one or more and they can be located at any of o-, m-
and p-poéitions, with the typical example théreof being p-
hydroxyphenyl. The alkyl group is such a group of 1 to 4
carbon atoms that the corresponding D-N-carbamoyl-a-amino acid

is D-N-carbamoyl-alanine, D-N-carbamoyl-valine, D-N-carbamoyl-
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comprises using the transformant microorganism according to

any one of claims 1 to 3.

5. A process for producing D-N-carbamoyl-a-amino
acids which comprises using the enzyme obtained by a process

5 according to claim 4.

6. A process according to claim 5, wherein the 5-

substituted hfdantoin is a compounci represented by the general

formula (1):
R-CH-C=0
1
HN NH (1)

wherein R is phenyl, phenyl substituted with hydroxy, alkyl,
10 substituted alkyl, aralkyl or thienyl.

7. A recombinant plasmid obtained by recombination
of a DNA fragment encoding hydantoinase derived £rom Bacillus
sp. KNK245 (FERM BP-4863) and a plasmid (pUCNT) and having.the

restriction enzyme map of any of Figs. 2 to 4.

15 8. A recombinant plasmid according to claim 7,

wherein the recombinant plasm.t'd. is pTH102, pTH103 or 'p'l‘HiO4.

9. A recombinant plasmid obtainable by recombina-
tion of ‘'a DNA fragment encoding hydantoinase derived from
Agrobacterium sp. KNK712 (FERM BP-1900) and a plasmid pUC18

20 and having the restriction enzyme map of Fig. 1.



