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SPECIFICATION
PROCESS FOR THE PRODUCTION OF.D-a-AMINO ACIDS

Field of the Invention

The present invention relates to a process for the
production of a D-a—-amino acid, in which a D-N-carbamyl-a-

amino acid corresponding to the general formula:

R—EH-COOH
NH-C-NH,
1
o
Qherein R represents phenyl, hydroxy-substituted phényl,
substituted or unsubstituted alkyl préferably having 1 to 5
carbon atoms, or thienyl, .
is converted by an enzyme having an ability to eliminate the
carbamyl group (hereinafter referred to as "decarbamylase").

to a D-c-amino acid corresponding to the formula:

R-CH-COOH
NH,

wherein R is the same as defined above.

| These optically active D-a-amino acids are
important as pharmaceutical intermediates. In particular,
D-phenylglycine and D-(4-hydroxyphenyl)glycine (hereinafter
referred to as "D-HPG") are useful for the production of
semi—synthetic penicillin and semiTSyﬁthetic cephalosporin.
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I's converted by an enzyne having an ability to elimnate the carbanyl group
(hereinafter referred to as "decarbanylase") to a D-[err]-amno acid :
corresponding to the forrmula: [err] wherein Ris the sane as defined above.
These optically active D-[err]-anmino acids are inportant as pharmaceuti cal

internmediates. In particular, D phenylglycine and
D- (4- hydr oxyphenyl )gl ycine (hereinafter referred to as "D-HPG') are useful
for the production of sem-synthetic penicillin and sem -synthetic-

cephal ospori n.

Production of D-a-amino acids by eliminating
carbamyl groups from corresponding D—N—carbamyl—a—aﬁino
acids has.bean known. The elimination has been done
chemically (Japanese Patent Publication No. 4707/1983) or by
enzymatic reactions of microorganisms (Japanese Patent
Publication Nos. 18793/1982, 20520/1988 and 48758/1989).

Most of these microbial enzymes have optimum pH
values around-a neutral range. However, in the previous
step, wherein the N-carbamyl-D-ac-amino acids.are prepared by
selectively hydrolyzing the D-form of corresponding DL-5-
substituted hydantoins, hydahtoin hydrélase having optimum
PH of from 8 to 9 is used. Therefore, the subsequent
conversion of the N-carbamyl-D-e-amino acids to D-e-amino
acids by decarbamylase has to be carried out in a different
reaction medium from that in the previous step. |

Summary of the Invention

The present inventors made a search for micro-
organisms which could enzymatically eliminate carbamyl
groups ("decarbamylatidn") from D-N-carbamyl-a-amino acids
~to form D-a—~amino acids, mainly.among the genera which are
unknown to have decarbamylase. It has now been found that
tﬁe bacteria‘of the genera Comamonas, Blastobaéter, |
Alcaligenes, Sporosafcina, Rhizobium, Bradyrhizobium and

Arthrobacter have the decarbamylase actiQity.

Accordingly, the present invention relates to a

process for the production of a D-e—-amino acid, in which an
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Prior Art -2- Production of D-[err]-am no acids by elimnating carbanyl
groups from correspondi ng D-N-carbanyl-[err]-am no aci ds has been known.
The elimnation has been done chem cally (Japanese Patent Publication No.
4707/ 1983) or by enzymatic reactions of nrcBoorgani sns (Japanese Patent

N-carbamyl-D—-a-amino acid corresponding to the general

formula (I):

*
R-CH-COCH
NH-C-NH,
i .
6]
wherein R represents phenyl, hydroxy-substituted phenyl,
substituted or unsubstituted alkyl preferably having 1 to 5
carbon atoms, or thienyl,

is converted by a microbial enzyme in an aqueous medium to a

D-a-amino acid corresponding to the general formula (II):

R-CH-COOH
NH,
wherein R is the same as defined above,
characterized in that the enzyme is decarbamylase produced
by a microofganism of the genus Comamonas, Blastobacter,
Alcaligenes, Sporosarcina, Rhizobium, Bradyrhizobium or
Arthrobacter.

Brief Description of the Drawings

'Fig. 1 is a graph showing the results of
decarbamylation at 50°C and 30°C by newly screened strains.

Fig. 2 is a graph showing.the effects of various
additives to the culture medium of Comamonas sp. E 222 C on
its decarbamylase productivity. |

Fig. 3 is a result of SDS-polyacrylamide gel
electrophoresis of purified Comamonas sp. E 222 C

decarbamylase.
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Publ i cati on Nos. 18793/1982, 20520/1988 and 48758/ 1989). Most of these

m crobi al enzynes have optinmum pH val ues around a neutral range. However,
in the previous step, wherein the N-carbanyl-D-[err]-amno acids are
prepared by sel ectively hydrolyzing the D-férm of correspondi ng DL-5-
substituted hydantoi ns, hydantoi n hydrol ase having opti mum pH of from8 to
9 is used. Therefore, the subsequent conversion of the

N-carbanyl -D-[err]-am no acids to D-[err]-am no acids by decarbanyl ase has
to be carried out in a different reaction nediumfromthat in the previous

step. Fig. 4 is a result of gel filtration of the
purified Comamonas sp. E 222 C decarbamylase thorough a
Sephadex G-150 column.

Fié. 5 is a graph showing the effect of pH on the
activity of the purified Comamonas sp. E 222 ¢C
decarbamylase.

Fig. 6 is a graph showing the effect of
temperature on the activity of the purified Comamonas sp. E
222 C decarbamylase.

Fig. 7 is a graph showing the effects of various
additives to the culture medium of Blastobacter sp. A 17 p-4
on its decarbamylase productivity.

Fig. 8 is a graph showing the effects of various
metal ions added to the cuiture medium of Blastobacter sp. A
17 p—-4 on its decarbamylase productivity.

Fig. 9 is a result of SDS-polyacrylamide gel
electrophoresis of purified Blastobacter sp. A 17 p-4
decarbamylase.

Fig. 10 is a result of gel filtration of the
purified Blastobacter sp. A 17 p-4 decarbamylase thorough a
Sephadex G—lso column.

| Fig. 11 is a graph showing the effect of pH oh the
activity of the purified Blastobacter sp. A 17 p-4
decarbamylase.

Fig. 12 is a graph showing the effect of
temperature on the activity of the purified Blastobacter sp.

A 17 p-4 decarbamylase.
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Summary .of the Invention The present inventors nade a search for mcro-
organi sns which could enzymatically elimnate carbanyl groups

("decarbanyl ation") from D N-carbanyl-[err]-amno acids to form D a-am no
acids, mainly anong the genera which are-uskrown to have decarbanyl ase. It
has now been found that the bacteria of the genera Comanonas, Bl astobacter,
Al cal i genes, Sporosarcina, Rhizobium Bradyrhizobium and Arthrobacter have
t he decarbanyl ase activity. Accordingly, the present invention relates to a

Detailed Explanation of the Invention

According to the present invention, both D-isomer
sﬁécific decarbamylase and unspecific decarbamylase may be
aciually used. An enzyme which is strictly stereoselective
to D;N4carbamyi—u—amino acids is often called D-N-carbamyl-
a—amino acid amide hydrolase.

Among the microorganisms according to the present
invention, strains showing particularly high decarbamylase
activity are, for example, Comamonas sp. E 222 C (FERM BP
No. 4411, National Institute of Bioscience and Human-
Technology, Agency of Industrial Science and Technology, 1-
3, Higashi l-chome, Tsukuba-shi, ibaraki-ken, 305, Japan,
September 18, 1992), Comamonas sp. E 206 a, Comamonas sp. E
217 a, Blastobacter sp. NA 88-b, Blastobacter sp. A 17 p-4
(FERM BP No. 4410, National Institute of Bioscience and.
Human-Technology, Agency of Industrial Science and
Technology, September 18, 1992), Alcaligenes sp. E 215 (FERM
BP No. 4409, National Institute of Bioscience and Human-
Technology, Agency of Industrial Science and Technology,
September 18, 1992), Alcaligenes xylosoxidans subsp.
denitrificans CL 66-2 a, Sporosarcina sp. NCA 28—b'(FERM BP
No. 4408, National Institute of Bioscience and Human-
Technology, Agency of Industrial Science and Technology,
September 24, 1992), Rhizobium sp. KNK 1415 (FERM BP No.
4419, National Institute of Bioscience and Human-Technology,

Agency of Industrial Science and Technology, September 22,
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process for the production of a D-[err]-amno acid, in which an Dat e:
-3- N-carbanyl-D-[err]-am no acid corresponding to the general fornula (1):

[err] wherein R represents phenyl, hydroxy-substituted phenyl,
._6._

1993), Bradyrhizobium japonicum IFO 14783, Bradyrhizobium
sp. IFO 15003, Arthrobacter sp. CA 17-2 (fERM BP No. 4420,
National Institute.of Bioscience and Human-Technology,
Agency of Indusﬁrial Science and Technology, Séptember 22,
1993). |

Typical examples of the strains Comamonas sp. E
222 C, Blastobacter sp. A 17 p-4, Alcaligenes sp. E 215,
Sporosarcina sp. NCA 28-b, Rhizobium sp. KNK 1415 and '
Arthrobacter sp. CA 17-2 are microbiologically characterized
as follows: ' -

Comamonas sp. E 222 C-

(a) Morphology
Bacillus (bent), Gram—-variable
Spore: -
Colony: buff, semi-transluéent, round, regular, entire,
shiny, low convex, smooth; diameter 1 mm (48 hr)
Growth (48 hr) at: 37°C + |
| a1°Cc -
45°C -~
(b) Physiological activities
Catalase ' +
Oxidase -
Glucose fermentation -
NO3 Reduction -
Indole production' -

Acid production from glucose -
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substituted or unsubstituted al kyl preferably having 1 to 5 carbon atons,

or thienyl, is converted by a mcrobial enzyne in an aqueous nediumto a
D-[err]-am no acid corresponding to the general fornmula (I1): [err] wherein
R is the sane as defined above, charactert+zZedin that the enzyne is

decar banyl ase produced by a m croorgani smof the genus Comanonas,

Bl ast obacter, Al caligenes, Sporosarcina, Rhizobium Bradyrhizobium or

Art hr obact er.

Arginine dehydrolase -
Urease -
Aesculin hydrolysis _ -
Gelatin hydrolysis - -

B—Galactosidase -

-+

Cytochrome oxidase (weak)
(c) Assimilation

Glucose -
Arabinose -
Mannose ) =
Mannitol _ -
N-Acetylglucosamine =
Maltose -
Gluconic acid +
Caproic acid +
Adipic acid . -
Malic acid +
Citric acid | +
Phenyl acetate +

Blastobacter sp. A 17 p-4

(a) Morphology

Bacillus (oval), Gram-negative

Spore: -

Colonyﬁ white, semi-translucent, round, regular, entire,
shiny, low convex, smooth, mucoid producing;

diameter 1.0-1.5 mm (48 hr)
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Brief Description of the Drawings Fig. 1 is a graph show ng the results of
decar banyl ation at 50[err]C and 30[err]C by newy screened strains. Fig. 2
is a graph showing the effects of various additives to the culture nmedi um
of Comanpbnas sp. E 222 C on its decarbamyl 8se productivity. Fig. 3 is a

result of SDS-pol yacryl am de ‘gel el ectrophoresis of purified Comanonas sp.
E 222 C decarbanyl ase.

Growth (48 hr) at: 37°C +
41°C -
45°C -

(b) Physiological activities

Catalase +

+

Oxidase (weak)
Glucose fermentation -

NO4 Reduction -
Indole production -

Acid production from glucose -
Arginine dehydrolase -
Urease +
Aesculin hydrolysis +
Gelatin hydrolysis -
g—Galactosidase +

Cytochrome oxidase +

(c) Assimilation

Glucose . +
Arabinose _ +
Mannose +
Mannitol +
N-Acetylglucosamine +
Maltose - +

Gluconic acid -
Caproic acid -

- Adipic acid -
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-4- Fig. 4 is aresult of.gel filtration of the purified Comanonas sp. E
222 C decar banyl ase thorough a Sephadex G 150 colum. Fig. 5 is a graph
showi ng the .effect of pH on the activity of the purified Comanonas sp. E
222 C decarbamylase. Fig. 6 is a graph showfg the effect of

Maliec acid . -
Citric acid -
Phenyl acetate =

Alcaligenes sp. E 215

(aj Morphology
Bacillus, Gram-variable
Spore: -
Mobility: +
Colony: buff, semi-translucent, round, regular, entire,
low convex, shiny, smooth; diameter 1 mm (48 hr)
Growth (48 hr) at: 37°C +
41°C -
45°C -~
(b) Physiolégical activities
Catalase +
Oxidase -
- Glucose fermentation - -

Sporosarcina sp. NCA 28-b

(a) Morphology

Coccus, Gram—variable

Spore: +
Mobility: -
Colony: round, regular, entire, cream to white, semi-

translucent; diameter <0.5 mm (48 hr)
Growth at: 37°C -

45°C ~
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tenperature on the activity of the purified Comanobnas sp. E 222 C
decarbanylase. Fig. 7 is a graph showing the effects of various additives
to the culture nedium of Bl astobacter sp. A 17 p-4 on its decarbanyl ase
productivity. Fig. 8 is a graph showi ng theldffects of various netal ions
added to the culture nedium of Bl astobacter sp. A 17 p-4 on its

decar banyl ase productivity. Fig. 9 is a result of SDS-polyacrylam de gel
el ectrophoresis of purified Bl astobacter sp. A 17 p-4

(b) Physiological activities

Catalase +
Oxidase +
Glucose fermentation -

Rhizobium sp. KNK-1415 (FERM BP-4419)

(a) Morphology
Bacillus (short), Gram-negative
Spore: -
Flagellum:_polar or peritrichous
Colony: off-white, opaque, entire, regular, smooth, low
convex, mucoid producing; diameter 5 mm (5 days)
Growth at: 30°C +
37°C (%)
(b) Physiological activities
Catalase +
Oxidase +
Glucose fermentation -
NO5; Reduction +
Indole production -
Acid production from glucose -
Arginine dehydrolase -
Urease | . +
Aesculin hydrolysis +
Gelatin hydrolysis -
g~Galactosidase | o+

Cytochrome oxidase +
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decarbanylase. Fig. 10 is a result of gel filtration of the purified

Bl ast obacter sp. A 17 p-4 decarbanyl ase thorough a Sephadex G 150 col um.
Fig. 11 is a graph showing the effect of pH on the activity of the purified
Bl ast obacter sp. A 17 p-4 decarbanyl ase. -Fiig. <12 i s a graph show ng the
effect of tenperature on the activity of the purified Bl astobacter sp. A 17
p-4 decar banyl ase.

3-Ketolactose production -
Hés Production -

(c) Assimilation

Glucose +
Arabinose +
Mannose . . +
Mannitol +
N-Acetylglucosamine +
Maltose . +

Gluconic acid -
Caproic acid -
Adipic acid -
Malic acid +
Citric acid -
Phenyl acetate =
GC content: 63.4%

Quinone analysis: Q-10 95.7%

Q-9 3.3%
Q-11 0.6%
Q-8 0.4%

Microbial fatty acid analysis:

(whole fatty acids)

i




5- Detail ed Explanation of the Invention According to the present
I nvention, both D isoner specific decarbanyl ase and unspecific
decar banyl ase nay be actually used. An enzyne which is strictly
stereoselective to D-N-carbanyl-[err]-am-na2aeids is often called
D- N-car banyl - a-anino acid am de hydrol ase.

Component Area (%)
3-0H C14:0 4.6
Cl6:1 _ 5.9
Cl6:0 14.0
3-OH C16:0 0.1
cig:1 70.7
C18:0 .3.3
unknown . 1.4

(3-OH fatty acids)

Component Area (%)
3-OH Cl14:0 88.8
3-OH Cl16:0 6.6
3-0OH C18:0 4.6

(2-OH fatty acid)

not detected

Arthrobacter sp. CA 17-2 (FERM BP-4420)
(a) Morphology |
Bacillus or coccus, Gram-positive
Spore: -
Mobility: +
Colony: off-white, opaque, round, regular, convex, smooth;
diameter ca. 0.5 mm (2 days)
Growth at: 30°C +
37°C (+)
45°C -

(b) Physiological activities
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Anong the m croorgani sns according to the present invention, strains
showi ng particularly high decarbanylase activity are, for exanple,
Comanonas sp. E 222 C (FERM BP No. 4411, National Institute of Bioscience
and Human- Technol ogy, Agency of Industri-al13ct ence and Technol ogy, 1- 3,
Hi gashi 1-chone, Tsukuba-shi, |baraki-ken, 305, Japan, Septenber 18, 1992),
Comanonas sp. E 206 a, Conmanpbnas sp. E 217 a, Bl astobacter sp. NA 88-b,

Bl ast obacter sp. A 17 p-4 (FERM BP No. 4410, National Institute of

Bi osci ence and Human- Technol ogy, Agency of Industrial Science and

Catalase +
Oxidase -
Glucose fermentation -
(¢c) Chemotaxonomy

Amino acid in peptidoglycan: L-Lysine
Mycolic acid: - '

Fatty acid composition:

anteiso Cig,g (12-methyltetradecanoic acid) 58%

iso Cjyg.n (1l3-methyltetradecanoic acid) 5.5%
iso Cyg.p (l4-methylpentadecanoic acid) 8%
anteiso C;7., (14-methylhexadecanoic acid) 25%

The enzyme decarbamylase can be obtained by
cultivating the microorganisms usually in a liquid medium in
a conventional manner. However, a solid medium may also be
uséd. The medium usually contains assimilable éarbon and
nitrogen sources as well as inorganic salts essential for
the growth of each microorganism. Decarbamylase
productivity of the bacteria can be preferably improved by
adding to the culture medium a small amount of substance
such as an amino acid, for éxample D-p-hydroxyphenylglycine
or D-phenylglycine; an N-carbamyl-ea—amino acid, for example
N-carbamyl-DL-methionine or N-carbamyl-D-phenylalanine; 5-
substituted hydantoin, for exaﬁple DL-5-p-hydroxyphenyl-
hydantoin or DL-5-phenylhydantoin; a pyrimidine metabolite,
for example uracil, dihydrouracil or g-ureidopropionic acid;

a metal ion, for example Fe2+, Fe3+, Be2+, C02+, A13+, Li+,

" This Sheet Has Been Reﬂlaced
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Technol ogy, Septenber 18, 1992), Alcaligenes sp. E 215 (FERM BP No. 4409,
Nat i onal Institute of Bioscience and Human- Technol ogy, Agency of

| ndustri al

Sci ence and Technol ogy, Septenber 18, 1992), Alcaligenes

xyl osoxi dans subsp. denitrificans CL 66-2 &4 Sporosarcina sp. NCA 28-b
(FERM BP No. 4408, National Institute of Bioscience and Human- Technol ogy,

Agency of

I ndustrial Science and Technol ogy, Septenber. 24, 1992), Rhi zobi um

sp. KNK 1415 (FERM BP No. 4419, National Institute of Bioscience and
Human- Technol ogy, Agency of Industrial Science and Technol ogy, Septenber

22,

Mn2+, Mg2+ or Cs+; or urea. These additives can be present
in the culture medium in a concentration of from 0.1 to 10
mM for the metal ions, and from 0.01 to 1% by weight for the
other substrates.

The cultivation can be performed at a temperature
in the range of from 20 to 85°C and at a pH value in the
range of from 4 to 11. Aeration and stirring may promote
the growth of microorganisms.

After the cultivation, the"éulture medium or the
microorganisms collected therefrom,'as such or further-
processed, may be served as an enzyme source for decarbamy-
lation of the D-N-carbamyl-ec—amino acids. Live or dried
(for'example, lyophilized) bacteria can be used. They may
also be served after homogenization, extraction, treatment
with a surfactant, or sonication. In addition, pure or
crude enzyme recovered froﬁ the bacteria homogenate, extract
etc. can be used. The pure or crude enzyme can be
immobilized according to, for example, the disclosure of the
International Application PCT/JP91/01696.

In principle, enzymes produced by gene-manipulated
microorganisms are equally useful as those from the original
baéteria.

The decarbamylation reaction is performed in an
aqueous medium at a pH value in the range of from 6 to 11,
preferably from 7 to 9.5. Some enzymes have optimum pH

values of from 8 to 9. Decarbamylation takes place usually
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-6- 1993), Bradyrhizobi um japoni cum | FO 14783, Bradyrhi zobi umsp. |FO
15003, Arthrobacter sp. CA 17-2 (FERM BP No. 4420, National Institute of

Bi osci ence and Human- Technol ogy, Agency of I ndustrial Science and

Technol ogy, Septenber 22, 19.93). Typical -exganpl es of the strains Comanbnas
sp. E :

at a temperature of from 20 to 85°C, the temperaturé being
determined optimally for the particular enzyme. |

In the present process, the substrates for
decarbamylase are N-carbamyl-D-c-amino acids such as D-N-
carbamylalanine, D-N-carbamylmethionine, D—N-carbamylvaliﬁe,
D—N—carbamylleucine; D-N-carbamylphenylglycine, D-N-
carbamyl-(4-hydroxyphenyl)glycine, D-N-carbamyl-(2-thienyl)-
glycine and D-N-carbamylphenylalanine. The group R in the

~ above mentioned formulae can be,-for example, phenyl-,
indolyl-, alkylthio-, hydroxyl-, amino- or carboxyl-
substituted alkyl.

D-a-Amino acids, the decarbamylation products, can
be recovered by conventional procedures such as concentra-
tion, neutralization and ion-exchange chromatography. In
order to separate a relatively hydrophobip D-o—-amino aéid
such as D-phenylglycine, D-(4-hydroxyphenyl)glycine, D-
leucine or D-phenylalanine, the decarbamylation reaction
mixture may be acidified or alkalized to precipitate
impurities off, and then treated in a conventional manner,
for example by concentration and neutralization, to
precipitate the amino acids. Separation of a relatively
hydrophilic products such as D-thienylglycine, D-serine and
D-alanine can'be achieved by ion-exchange chromatography.
The eluate, for example with an ammonia solution, is then

neutralized and concentrated.
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222 C, Blastobacter sp. A 17 p-4, Al caligenes sp. E 215, Sporosarcina sp.:
NCA 28-b, Rnhizobium sp. KNK 1415 and -Arthrobacter sp. CA 17-2 are

m crobi ol ogically characterized as follows: Conmanpbnas sp. E 222 C (a)

Mor phol ogy Bacillus (bent), Gamvariable Bpore: - Col ony: buff,

sem -translucent, round, regular, entire, shiny, |ow convex, snooth;
dianeter 1 mm (48 hr)

- The N-carbamyl—D—amino acids as the substrates for
decarbamylase can be derived from 5-substituted hydantoin by
an enzymatic reaction. As the enzyme source for this
reaction, culture media of various microorganisms, the
microorganisms collected therefrom (as sﬁch or further
processed), or enzymes extracted theréfrom may be used.
These processes are disclosed, fof example, in Japanese
Patent Kokai Publication Nos. 44690/1978, 65884/1978,
91189/1978, 133688/1958, 84086/1979 and 7001/1980.

The D-carbamyl-e—-amino acids are converted to
corresponding optically active D-a-amino acids by the
present process.

Exémgles

The present invention is illustrated by the
following Examples. |

| Example 1

Soli samples (taken from different places in
Japan) were placed into 2 ml of a medium A (1 g/1 KH,PO,, 1
g/l K,HPO,, 0.3 g/l MgSO,-7H;0, 0.1 g/l yeast extract, 1 g/1
NH,Cl, 1.5 g/1 a carbon source as listed below; pH 7.0) or a
medium B (1 g/1 KH,PO,, 1 g/1 K,HPO,, 0.3 g/l MgSO,-7H,0,
0.5 g/1 glucpse, 0.1 g/1 yeast extract, 1.5 g/1 a nitrogen
source as listed below; pH 7.0) and aerobically incubated at
28°C. Microorganisms were mﬁltiplicated through subculture
in the same medium. Then, the culture medium was spread on
an agar plate (containing 2% agar in medium A or B) and |

incubated at 28°C for 2 to 6 days to isolate the strains.
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Gowth (48 hr) at: 37[err]C + 41[err]C - 45[err]C - (b) Physiol ogi cal

activities Catal ase + xi dase d ucose

fermentati on NO3 Reduction Indole production Acid production from glucose
-— 17 -—

Carbon and nitrogen sources:

N-Carbamyl-D-p-hydroxyphenylglycine (C-D-HPG)
N-Carbamyl-D-phenylglycine (C-D-PG)
N-Carbamyl-D-alanine (C-D-Ala)
DL-5-Methylhydantoin (DL-Ala-hyd)
DL-S5-Phenylhydantoin (DL-PG-hyd)
DL—5—p—Hydrokyphenylhydantoih (DL~-HPG~-hyd)
Citrulline
Phenylurea
n-Butyl carbamate
| The isolated strain was suspended in 100 ul of a
substrate solution (35 mM'C—D—HPG, 200 mM potassium
phosphate; pH 7.0) and incubated for 1 to 3 days at 28°C.
Then, a sample of the suspension was analyzed for the
carbamyl—D—HPG and D-HPG contents by TLC on a Merck 60 Fogg
plate. The sample was developed by butanol:acetic
acid:water 3:3:1 (v/v/v). The amino acids were detected
with a UV lump (254 nm) or by spraying ﬁ—(dimethylamino)—
cinnamaldehyde and ninhydrin. It was found that 1868
strains could assimilate the carbon or nitrogen source as
used. Among them, 37 strains produced D-HPG, 16 strains of
which brought high D-HPG yields (22 mM).

Example 2

The 16 decarbamylase-producing strains were
subjected to a further screening. For this purpose, they

were cultured in 1 ml of a medium C (1.5 g/l C-D-HPG, 1 g/l
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-7- Arginine dehydrol ase Urease Aesculin hydrolysis Gelatin hydrolysis
[err]-Gal act osi dase Cytochrone oxi dase + (weak)

_18_

K32P04, 1 g/1 K,HPO,, 0.3 g/1 MgsSO,:7H,0, 3 g/1 yeast
extract, 3 g/l meat extract, 10 g/l glycerol, 2 g/l poly-
peptone; pH 7.0) for 3 days at 28°C. Then, 1 ml of the
culture medium was centrifuged to collect the microorganism,
thch was suspended in 100 pl of the same substrate solution
as used in Example. After 24 hours at 30°C or 50°C, the
suspension was analyzed for the D-HPG content.

A sample of the suspension was subjected to HPLC
with a Cosmosil 5 C 18 column (4 4.6 x 250 mm, Nacarai
Tesque). D-HPG was eluted with
water:acetonitrile:phosphoric acid 95:5:0.01 (v/v/v). The
D-HPG concentration was determined from absorbance at 254
nm. The résults are shown in Fig. 1.

Among the 16 strains, the three strains E 206 a, E
222 C and E 215, which were grown on C-D-Ala as a single
carbon source, wefe very active at 30°C. The D-HPG yield by
E 222 C was 30.8 mM at 30°C, while only 3.5 mM at 50°C.
Other three strains A 17 p-1, A 17 p-3 and A 17 p—-4, which
were cultured on C-D-HPG as a single carbon source, were
highly active at 50°C. The D-HPG yield by A 17 p-4 amounted
to 28.8 mM at 50°C, while only 2.5.mM at 30°C.

Example 3

Substrate specificity of decarbamylase

For the determination of substrate specificity of
decarbamylase of Comamonas sp. E 222 C and Blastobacter sp.

A 17 p-4, these strains were cultured at 28°C in the medium
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(c) Assimlation G ucose Arabi nose Mannose Mannitol N-Acetyl gl ucosam ne
Mal t ose d uconic acid Caproic acid + Adipic acid
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C (as described in Example 2) for 1 day (E 222 C) and 7 days
(A 17 p-4). Three ml of the culture medium was centrifuged
to separate the microorganism, which was suspended in 300 ul
of a substrate solution (200 mM potassium phosphate, 1%
(w/v) a substrate as listed below) and incubated for 24
hours at 30°C (E 222 C) or 50°C (A 17 p-4).

As shown in Table 1, both microorganisms had high
activity to hydrolyze the N-carbamyl substituted, aliphatic
and aromatic D—amino acids. However, N-carbamyl derivatives
of the amino acids having polar groups were less
hydrolized. Comamonas sp. E 222 C could hydrolize g-
ureidopropionic acid. It was also found that Blastobacter

sp. A 17 p-4 had a hydantoinasé.acti§ity.
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Mal i c acid - | + dtric acid
+ Phenyl acetate + Bl ast obacter sp. A 17 p-4 (a)

Mor phol ogy Bacillus (oval), C?an}negatlve Spore: - Col ony: whi t e,
sem -translucent, round, regular, entire, -stddhy, | ow convex, snooth, nucoid

produci ng; dianmeter 1.0-1.5 mm (48 hr)

Table 1

Substrate specificity of novel decarbamylase

Substrate Substrate conversion
Comamonas Blastobacter
sp. E 222 ¢ sp. A 17 p-4
N-Carbamyl-
D-alanine 4+ +++
D-valine ++++ +++
D-leucine ++++ +++
D-serine + ' -
D-phenylalanine +H++ +++
D-phenylglycine +++ +++
D-p-hydroxyphenylglycine | +++ ++
DL-norvaline ++ ' ++
DL-norleucine ++ ++
DL-methionine ++ ++
DL-threonine + -
sarcosine - -
g—-Ureidopropionic acid +4+++ -
Ureidosuccinic acid - -
DL~5-Methylhydantoin - ++
DL~5-Phenylhydantoin - ++
DLrS—p—Hydroxyphenyl—
'hydantoin - ++

Conversion to amino acids:
- : 0%
-+ : <10%
++ : <50%
+++.; <80%
++++: 100%
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-8- Gowh (48 hr) at: 37[err]C + 41[err]C - 45C - (b) Physi ol ogi cal
activities Catal ase ' + OXi dase
+ (weak) :
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Example 4

Promoters for the production of Comamonas sp. E

222 C decarbamylase

_ A search was made for the substances which could
increase the yield of decarbamylase of Comamonas sp. E 222
c.

The strain was cultured in a nutrient medium D (1
g/1 KH,PO,, 1 g/1 K,HPO,, 0.3 g/1 MgsO,-7H,0, 3 g/1 yeast
extract, 3 g/1 meat extract, 10 g/l glycerol, 2 g/1 poly-
peptone; pH 7.0) for 2 days at 28°C. The culture medium
additionally contained a substance as listed in Fig. 2 in a
concentration of 0.15% (w/v).

One ml of the culture medium was centringed to
collect the microoréanism, which was suspended in 100 pl of
a substrate solution (35 mM C-D-HPG, 200 mM potassium
phosphate; pH 7.0). After 24 hours at 30°C, D-HPG was
quantitated by HPLC according to the procedure described in
Example 2. It was found; as shown in Fig. 2, that the
decarbamylase productivity could be improved by urea, B—
ureidopropionic acid, D-phenylglycine or N-carbamyl-DL-
methionine.

Example 5

Purification of Comamonas sp. E 222 C

decarbamylase

Comamonas sp. E 222 C was cultured at 28°C for 3

days in the medium D (as defined in Example 4) containing
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A ucose fernentati on NO3 Reduction Indol e production Acid productlon from

gl ucose - Argi ni ne ‘dehydrol ase Urease +
Aescul in hydrolysis + Gelatin hydrolysis

[err]-CGal act osi dase +. Q4 achrone oxi dase

+ N .

0.15% (w/v) of p-ureidopropionic acid. Total 3.6 1 of the
culture medium was centrifuged to collect the microorganism,
which was suspended in 100 ml of 10 mM potassium phosphate
(pH 7.0), homogenized by sonication and then centrifuged to
take the supernatant containing the enzyme. Ammonium
sulfate was added to the enzyme soiution. Precipitation
frac;ion at an ammonium sulfate concentration of 20-40%
saturation was centrifuged to separate the enzyme, which was
dissolved in the same buffer solution as used above.

Then, 177 ml of the enzyme solution was dialyzed
to 10 1 of the same buffer for 12 hours, charged into a
DEAE-Sephacel column (¢ 5 x 15 cm), and eluted with linear
gradient 0 to 1 M NaCl. The eluate was adjusted to an NaCl
concentration 6f 4M, charged into a Phenyl-Sepharose CL—4B
column (¢ lfS x 15 cm), and eluted with 1inéar gradient 4 to
0 M NaCl. Thus obtained active fraction was concentrated by
ultrafiltration through a ¥YM-10 membrane (Amicon).

The concentrate (5 ml) was gel—filﬁrated through a
Sephacryl S$-200 HR column (¢ 1.8 x 80 cm) with the same
buffer solution as ﬁsed ébove additionally containing 0.2 M
NaCl. The activé fraction was desalted by dialysié, charged
into a hydroxyapatite column (¢ 1.2 x 10 cm), eluted with
linear gradient 0 to 1 M potassium phosphate (pH 7.0). The
active eluate (8.5 ml) was dialyzed for 12 hours to 500 ml
of 10 mM potassium phosphate (pH 7.0), charged into a Mono Q

HR 5/5 column, and eluted with linear gradient 0 to 1.0 M

This Sheet Has Been Reﬂlaced

L




(c) Assimlation ducose + Ar abi nose
+ Mannose + Manni t ol

+ N Acetyl gl ucosam ne + Mal t ose

+ G uconic acid Caproic acid Adipic acid - 23 - -

NaCl. The thus obtained active fraction (1.2 ml) was
analyzed as a purified enzyme solution.

As shown in Table 2, specific activity of the
purified enzyme solution was 108 timeé that of the super-
natant of homogenized cell éuspension. ‘Enzyme activity
recovery was about 2%. Ten mg of the purified enzyme was
subjected to SDS-polyacrylamide gel electrophoresis.(IO%
polyacrylamide) according to the King and Laemmli's method
(King, J., Laemmli, U. K., Journal of Molecular Biology,
Vol. 62, 165-477 (1971)]1. A siﬁgle band was detected at

around MW 38,000, as shown in Fig. 3.
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-9- Malic acid Citric acid Phenyl acetate Alcaligenes sp. E 215 (a)
Mor phol ogy Bacil lus, Gamvariabl e '
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Table 2

Purification of Comamonas sp. E 222 c decarbamylase

Purification step Protein | Enzyme Specific | Recovery
activity | activity |
(mg) (0) (0/mg) (%)

1) Supernatant of

cell homogenate 6316 23.5 0.0037 100
2) Ammonium sulfate

‘precipitation '

fraction 2362 21.2 0.0090 90.2

3) DEAE-Sephacel
fraction- 146 21.6 0.15 91.9

4) Phenyl-Sepharose
fraction 40.0 10.9 0.27 46.4

5) Sephacryl S§-200 :
HR fraction 23.8 6.6 0.28 ' 29.1

6) Hydroxyapatite
fraction 2.5 0.7 0.28 3.0

7) Mono Q HR 5/5
fraction 1.2 0.48 0.40 2.0

In addition, the purified enzyme was subjected to
gel filtration through a Sephadex G-150 column (¢ 1.5 x 85
cm with 10 mM potassium phosphate (pH 7.0) containing 0.2 M
NaCl and 0.1 mM dithiothreitol (DTT). The enzyme was eluted
at around MW 111,000, as shown in Fig. 4.

Example 6

Characteristics of Comamonas sp. E 222 C

decarbamylase
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Spor e: - Mbility: + Col ony: buff, sem -translucent., round, regular,
entire, |ow convex, shiny, snooth; dianeter 1 mm (48 hr) Gowh (48 hr) at:
37[err]C + 41[err]C - 45C - (b) Physiological activities Catal ase

+ Oxi dase _ - 25

Optimum pH and temperature of Comamonas sp. E 222
C decarbamylase were determined by using the enzyme solution
obtained in Examplels.

Optimum pH was determined as follows: The enzyme
solution was contacted with 10 mM N—carbamyl-D—phenylalanine
which was buffered with 200 mM acetate-hydrochloride (pH
4.2-5.9), potassium phosphate (pH 5.0-8.8), Tris-hydro-
chloride (pH 7.6-9.9) or glycine-NaOH (pH 8.9-11.1). (The
volume of the mixture was 500 pl.) After the reaction time
of.20 minutes at 30°C, the reaction was terminated by the
addition of 500 ul of ethanol.

To quantitate D-phenylalanine formed, a sample of
the reaction mixture was added to a solution containing 200
mM potassium éhoéphate (pH 7.0), 1.5 mM 4-aminoantipyrine,
2.1 mM phenol, 2.25 u of peroxidase (obtained from horse-
radish, CALZYME Lab.) and 0.375 units of D-amino acid
oxidase (Sigma) to make the total volume 500 pl. After the
mixture was incubated at 37°C for 60 minutes, increase of
absorbance at 500 nm was measured.

Optimum temperature was determined as follows: The
enzyme solution was contacted with the same substrate
solution as gSed above (buffered with potassium phosphate;
pH 7.0) for 20 minutes at 10-80°C. Then, ammopia formed was
quantitated by the indophenol method [Bollter, W. T. et al.,

Analytical Chemistry, Vol. 33, 592-594 (1961)].
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d ucose fermentation Sporosarcina sp. NCA 28-b (a) Morphol ogy Coccus,

Gram vari abl e Spore: + Mobility: - Col ony: round, regular, entire,
creamto white, sem - translucent; dianmeter <0.5 mm (48 hr) G owh at:
37[err]C - 45C - - 26 -

The results are shown in Fig. 5 and Fig. 6. It
was found that the optimum pH and temperature of Comamonas
sb. E 222 C decarbamylase were 8-9 and 40°C.

Example 7

Amino acid sequence of Comamonas sp. E 222 C

decarbamylase

Amino acid seqﬁence of the protein decarbamylase
was determined by using the enzyme solution 6btained in
Example 5. The enzyme solution was desaltéd with Centricon-
10 Microcentrater (Amicon) and charged into a pulse-liquid
protein sequencer. Tﬁe enzyme had the following a@ino acid
sequence at amino terminal (Arg at 20 and 26 were not

confirmed due to unclear peaks):

1 5 lO 15

Ser-Arg Ile-Val-Asn-Tyr-Ala~Ala-Rla- Gln-Leu—Gly—Pro Ile-Gln-
20 25

Arg-Ala-Asp-Ser-(Arg)-Ala-Asp-Val-Met-Glu~-(Arg)-Leu-Leu-Ala-

30

His

Example 8

Promoters for the production of Blastobacter sp. A

17 p—4 decarbamylase

A search was made for the substances which could
increase the yield of decarbamylase of Blastobacter sp. A 17
p-4.

The strain was cultured at 28°C for 3 days in the

medium D (as defined in Example 4) additionally containing
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- 10 - (b) Physiological activities Catal ase +
Oxi dase + G ucose fermentation Rhizobium sp.

KNK- 1415 ( FERM BP-4419) (a) Mor phol ogy
- 2‘7 -

b.lS% (w/v) of a substance as listed in Fig. 7. Then, D-HPG
was formed in the same way as in Example 4 but that the
reaction temperature was 40°C, and quantitated by HPLC. As
shown in Fig. 7, the decarbamylase yield was increased in
the presence of uracil, dihydrouracil or g-ureidopropionic
écid. |

In order to examine the effects of metal ions on
the enzyme productivity, the strain was cultured at 28°C for
4 days in the medium D additionally containing 0.15% (w/v)
of uracil and 2 mM a metal ion as listed in Fig. 8. It was
found by quantitating D-HPG that ions such as Fe2+ Fe3+,
Lit, cs*, Be2+, Mg +, Mn2+, co?* and a13* increased the
decarbamylase yield.

Example 9

Purification of Blastobacter sp. A 17 p—-4

decarbamylase

Blastobacter sp. A 17 p-4 was.cultured at 28°C for
7 days in the medium D (as defined in Example 4) which
additionally containing 0.15% (w/v) of uracil and 2 mM
FeS0,-7H,0. Total 4.8 1 of the culture medium was
centrifuged to separate the microorganism, which was
suspended ih 120 ml of 10 mM potassium phosphate,
homogenized at 5°C for 20 minutes with glass beads
fdiameter: 0.25 mm; Dyno—-Mill KDL, Switzerland] and
centrifuged to obtain a crude enzyme solution as a

supernatant. Ammonium sulfate was added to the enzyme
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Bacillus (short), G amnegative Spore: - Flagellum polar or
peritrichous Col ony: of f-white, opaque, entire, regular, snooth, |ow
convex, nucoid producing; dianeter 5 mm (5 days) Gowh at: 30[err]C +
37[err]C [err] (b) Physiological activit+eggCatal ase
+ Oxi dase _ +

solution to take a precipitation fraction at an ammonium
sulfate concentration of 20-40% saturation. The precipitate
was separated by centrifugation and dissolved in the same
'buffe; solution as used above.

Then, 41 ml of the enzyme solution was dialyzed
for 12 hours to 5 1 of the same buffer solution as used
above, purified with a DEAE-Sephacel column and a Phenyl-
Sepharose CL-6B column, and concentrated by ultrafiltration
in the same way as in Example 5. The concentrate (3 ml) was

-gel-filtrated. through a Sephadex G-150 column (¢ 1.5 x 80
cm) with the same buffer solution as used above (additional-
ly containing 0.2 M NaCl), desalted by dialysis, and
purified by the same procedure as in Example 5 with a Mono Q
HR 5/5 column. The thus obtained active fraction (2 ml) was
analyzed as a purified enzyme solution. As shown.in Table
3, specific activity of the purified enzyme solution was 37
times that of the supernatant of homogenized cell suspen-

sion. Enzyme activity recovery was. 2.3%.

—_—
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d ucose fernentation [err] Reduction : + I ndol e

production Acid production from gl ucose - Argini ne dehydrol ase
Ur ease + Aescul in hydrol ysis
+ Gelatin hydrolysis [err]-Gal actosi dase - 29 - + Cytochrone
oxi dase +
Table 3

Purification of Blastobacter sp. A 17 p—-4 decarbamylase

‘Purification step ri’rotein Enzyme Specific | Recovery
' activity | activity
(mg) (U) (0/mg) (%)

1) Supernatant of

cell homogenate 4657 52.0 0.011 100
2) Ammonium sulfate

precipitation-

fraction 797 30.2 0.038 58.1

3) DEAE-Sephacel
fraction - 284 18.3 0.064 35.2

4) Phenyl-Cellulose
fraction- 89.6 7.6 0.085 14.6

5) Sephadex G-150
fraction 15.4 4.1 0.27 7.9

6) Mono Q HR 5/5
fraction. 2.9 1.2 0.41 2.3

The purified-enzyme was subjected to SDS-
polyacrylamide gel electrophoresis. A sinéle bahd was
detected at around MW 39,000; see Fig. 9. In addition, the
purified enzyme was gel-filtrated through a Sephadex G-150
column in the same way as in Example 5. The enzyme was
eluted at around MW 120,000; see Fig. 10.

Example 10
Characteristics of Blastobacter sp. A 17 p—-4

decarbamylase
Optimum pH and temperature of Blastobacter sp. A

17 p-4 decarbamylase were determined by using ‘the enzyme
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3- Ket ol actose production [err] Production (c) Assimlation G ucose
+ Ar abi nose -+ Mannose

+ Manni t ol +
_30_

solution obtained in Example 9 according to the same
procedure as in Example 6. The results are shown in Figs.
11 and 12. It was found that the optimum pH and temperature
of.Blastobacter sp. A 17 p~-4 decarbamylase were 9 and 50°C.

Example 11

Amino acid sequence of Blastobacter sp. A 17 p-4

decarbamylase

Amino acid sequence of the protein decarbamylase
was determined by using the enzyme solution obtained in
Example 9 according to the same proceduFe as in Example 7.
The enzyme had the following amino acid sequence at amino
terminal (Arg at 38 was hot confirmed due to unclear peak):

1 5 10 15
Ala-Arg—-Lys-Leu-Asn-Leu—-Ala-Val-Ala-Gln-Leu-Gly-Pro-Ile-Ala-

20 25 30
Arg-Ala~Glu-Thr-Arg-Asp-Gln-Val-Val-Ala-Arg-Leu-Met-Glu—-Met-

35 40
Met-Lys-Glu—-Ala-Lys—Ser-Ser-(Arg)-Gly-Thr

Example 12

The seven strains of the genera Rhizobium and
Bradyrhizobium listed in Table 4 were cultured at 30°C for
24 hours in 1 ml of the 805 liquid medium (yeast extract
1g/1, mannitol 5971, K,HPO, 0.7 g/, KH,PO, 0.1g/1,
MgS0O,-7H,0 1g9/1, C-D-HPG 1lg/1; pH 7.0) containing C-D—HPG.or
C-D-Ala in a final concentration of 1 g/l1. The culture
medium was centrifugated to separate the microorganism,

which was suspended in 0.5 ml of a substrate solution (1% C-
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N—Acetylglucosanine' + Mal t ose +

A uconic acid Caproic acid Adipic acid Malic acid

+ Citric acid Phenyl acetate GC content: 63.4% Qui none analysis: Q10 95. 7%
- 31 - ' '

D-HPG or C-D-Ala, 0.1 M potassium phosphate (pH 7.0), 0.1%
Triton X-100). The suspension was incubated at 37°C for 24
hours and analyzed by TLC in the same way as in Example 1.
Decarbamylation activity was found in the strains of genus

Bradyrhizobium, as shown in Table 4.

Table 4

Strain Decarbamylase activity
Rhizobium lopi IFO 14779 N ++

Rhizobium meliloti IFO 14782 ++

Rhizobium Fredii IFO 14780 ++

Rhizobium galegae IFO 14965 ++

Rhizobium huakuii IFQO 15243 +
Bradyrhyzobium japonicum IFO 14783 +
Bradyrhyzobium sp. IFO 15003 _ +

Example 13

Soil samples were subjected to another screening

in the same way as in Example 1. N-Carbamyl-D-leucine (C-D-
Leu), N-carbamyl-D-~alanine (C-D-Ala), N-carbamyl-D-phenyl-
glycine (C-D-PG) or DL-5-methylhydantoin (DL~Ala-hyd) was
used as a carbon or nitrogen source. Among the strains

- which were grown, 9 strains were tested for decarbamylase .
activity on C-D-Ala or C-D-HPG éccording to the procedure of
Example i2. The results are shown in Table 5. Some strains
were more specific to C-D-HPG than.to C-D-Ala, and the

others more specific to C-D-Ala than to C-D HPG.
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Q9 3.3% Q11 0.6% Q8. 0.4% M crobial fatty acid analysis: (whole

fatty acids) - 12 - Conponent Area (%
_32_
Table 5
Strain _ Substrate Activity
Rhizobium sp. KNK 1415 C-D-PG +++ (C~D-HPG)

Alcaligenes xylosoxidans
subsp. denitrificans

CL 66-2a C-D~Leu ++ (C-D-HPG)
CL 67-1 C-D~Leu ++ (C-D-HPG)
CL 85-1 C-D~Leu + (C-D-HPG)
CA 17-1 C-D-Ala + (C-D-Ala)

Arthrobacter sp.

CA 17-2 C-D-Ala ++ (C-D-Ala)
ca 77-2 C-D-Ala ++ (C-D-Ala)
AH 71-1 | DL-Ala-hyd + (C-D-Ala)
AH 57-1 DL-Ala-hyd ++ (C-D-Ala)
Example 14

The strain of Rhyzobium sp. KNK 1415 which was
obtained in Example 13 was cultured at 30°C for 40 hours in
10. 1 of the SE medium (sucrose 23 g/l1, yeast extract 4 g/1,
urea 2 g/1, KH,PO, 2 g/1, Na,HPO, 2 g/1, MgS0,-7H,0 1 g/1,
MnCl,-4H,0 0.01 g/1; pH 6.5). The culture medium was
centrifugated to separate the microorganism, which was
washed with 0.9% saline, homogenized by sonication, and
centfifugated. Thé supernatant was treated with protamine

.sulfate (0.1 mg/mg protein) for enucleation and then

centrifugated. The supernétant was heated to 50°C for 30
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3-CH C14: 0 4.6 Cl6:1 5.9 Cl16: 0
14.0 3-CH C16: 0 0.1 C18:1 : 70.7
C18: 0 3. 3 unknown 1.4 (3-CH
fatty acids) Conponent Ared3 (% 3- CH C14: 0

88. 8

minutes and centrifugated to remove denatured proteins. To
the solution, ammonium sulfate was added in a concentration
of 30% saturation. The ammonium sulfate precipitate was
cﬁllected by centrifugation, dissolved in 500 ml of a buffer
solution (20 mM Tris-HCl1 (pH 7.5), 2 mM DTT), dialyzed to
tﬁe same buffef solution, charged into a DEAE-cellulose
column and eluted with a solution (10 mM sodium phosphate
({pH 7.2), 0.15 M NaCl, 1 mM DTT). The eluate was
concentrated by ultrafiltration with a YM-10 membfane
(Amicon) and analyzed by SDS-polyacrylamide gel electro-
phoresis. The enzyme decarbamylase was detected at around
35,000. |

Example 15

The part of decarbamylase band of the SDS-poly-
acrylamlde gel from Example 14 was cut out, homogenized in a
buffer solution (S0 mM Tris-HCl1 (pH 7.5), 0.1% SDS, 0.1 mM
EDTA, 150 mM NaCl, 5 mM DTT) and eluted at room temperature.
The extract was concentrated by ultrafiltration, charged
into a reverse phase HPLC column (AP—303; YMC) and eluted
with gradient acetonitril. Thus obtained decarbamylase-
éontaining fraction was charged into a gas phase protein
sequencer (Applied Biosystems). The enzyme had the
following amino acid sequence at amino terminal:

1 _ 5 10
Thr~Arg-Gln-Met-Ile-Leu-Ala-Val-Gly-Gln- .

Effects of the Invention
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3-0H C16: 0 6.6 3-0OH C18: 0 4.6 (2-CH
fatty acid) not detected Arthrobacter sp. CA 17-2 (FERM BP-4420) (a)

Mor phol ogy Bacillus or coccus, G am positive Spore: - Mobility: +

Col ony: of f-white, opaque, round, regular34cenvex, snooth;

By using novel decarbamylase according to the
invention, D-a—amino acids, which are important inter-
mediates for the production of pharmaceuticals such as
antibiotics, can be prepared more efficiently under

convenient conditions such as pH 8-9 and 50°C.
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dianeter ca. 0.5 mm (2 days) Gowth at: 30[err]C + 37[err]C (+) 45[err]C -
- 13 - Catal ase _ + Oxi dase
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What is claimed is:
1. A process for the.production of a D-a-amino
acid, in which an N-carbamyl-D-c~amino acid corresponding to

the general formula:

*
R-CH~COQH
NH-C—NH2
I
0]
wherein R represents phenyl, hydroxy-substituted phenyl,
substituted or unsubstituted alkyl, or thienyl,

is converted by a microbial enzyme in an agqueous medium to a

D-a-amino acid corresponding to the general formula:

R~EH—COOH
NH,
wherein R is the same as defined above,
characterized in that the enzyme is decarbamylase produced
by a microorganism of the genus Comambnas, Blastobacter,
Alcaligenes, Spofosarcina, Rhizobium, Bradyrhizobigm or
Arthrobacter.
| 2. The process claimed in Claim 1, wherein a

culture medium of the microorganism, the microorganism, as
such or processed, a homogenate or extract of the micro-
organism, the pure or crude enzyme, or an_immobilized form
thereof is used as a microbial decarbamylase source.

3. The process claimed in Claim 1 or 2, wherein

the microorganism is Comamonas sp. E 222 C (FERM BP No.

% [ L M S *



L-Lysine Mycolic acid: - Fatty acid conposition: anteiso err]
(12-met hyl t et radecanoi ¢ aci d) 58% iso [err] (13-nmethyl SthmiHasa}bainT

5.5%iso [err] (14-nethyl pentadecanoic actd}s - 8%
(14- met hyl hexadecanoi ¢ aci d) 25% The enzyne decar banyl ,ﬂ

obt ai ned by

4411), Blastobacter sp. A 17 p~4 (FERM BP No. 4410),
Alcaligenes sp. E 215 (FERM BP No. 4409), Sporosarcina sp.
NCA 28-b (FERM BP No. 4408), Rhizobium sp. KNK 1415 (FERM BP
No. 4419), Bradyrhizobium japonicum IFO 14783,
Bradyrhizobium sp. IFO 15003 or Arthrobacter sp. CA 17-2
(FERM BP No. 4420).

4. The process claimed in Claim 1 or 2, wherein
décarbamylase used has been produced in a culture medium
containing a promoter for decarbamylase production.

5. The process claimed in Claim 4, wherein the
promoter is selected from a group consisting of D-amino
acids, N-carbamyl-ac-amino acidé, 5-substituted hydanﬁoins,
pyrimidine metabolites and metal ions.

6. The process claimed in Claim 4, wherein the
microorganism is a strain of the genus Comamonas, and the
promoter is urea, g-ureidopropionic acid, D-phenylglycine or
N~-carbamyl-DL-methionine.

7. The process claimed in Claim 4, wherein thé
microorganism is a strain of the genus Blastobacter, and the
promoter is uracil, dihydrourécil, g-ureidopropionic acid,

Lit, cs*, Be?, Mg or A
8. The process claimed in Claim 1, wherein the
aqueous medium is mainﬁained at pH 6 to 11.
9. The process claimed in Claim 1, wherein the

aqueous medium is maintained at pH 7.5 to 9.5.
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cultivating the mcroorganisns usually in a liquid nmediumin a conventional
manner. However, a solid medium may al so be used.  The meditm-ustatiy—-
contai ns assimlable carbon and nitrogen sources as well S
essential for the growth of each microorgasi’sm Decar banyﬁ'kgs{lem%ag E!én‘i{e 9“&
of the bacteria can be preferably inproved by adding to th
a small amount of substance such as an am no acid, for exa
D p- hydr oxyphenyl gl yci ne or D phenyl gl yci ne; an N—carbanyl-[err] am no
acid, for exanple N-carbanyl-DL-nethionine or N-carbanyl-D phenyl al ani ne;

>- 10. The process claimed in Claim 1, wherein

| decarbamylase is used at 40 to 50°C.

11. Decarbamylase having an optimum pH value of
from 8 to 9.

12. Decarbamylase having an optimum ﬁeﬁperature of
from 40 to 50°C.

13. Decarbamylase claimed in Claim 11 or 12, which
is produced by Comamonas sp. E 222 C, Blastobacter sp. A 17
p-4 or Rhizobium sp. KNK 1415.

' 14, Decarbamylase claimed in Claim 13, which is

produced by Comamonas sp. E 222 C and has the following

amino acid sequence at amino terminal:

1 5 10 15

Ser-Arg-Ile-Val-Asn-Tyr—-Ala-Ala-Ala-Gln-Leu-Gly-Pro-Ile-Gln-
20 25

Arg-Ala-Asp-Ser- (Arg)—Ala—Asp-Val Met-Glu-(Arg)- Leu—Leu—Ala—

30

His.

15. Decarbamylase claimed in Claim 13, which is
produced by Blastobacter sp. A 17 p-4 and has the following
amino acid sequence at amino terminal:

1 5 10 | - 15
Ala-Arg-Lys—Leu-Asn-Leu-Ala-Val-Ala-Gln-Leu-Gly-Pro-Ile-Ala-

20 25 30
Arg-Ala-Glu-Thr-Arg-Asp-Gln-Val-Val-Ala-Arg-Leu—-Met-Glu-Met-

35 40
Met-Lys-Glu-Ala-Lys—~Ser—-Ser—~(Arg)-Gly-Thr.

16. Decarbamylase claimed in Claim 13, which is
pruduced by Rhizobium sp. KNK 1415 and has the following

amino acid sequence at amino terminal:

* C L M S *




substi t ut ed hydant oi n, for exanpl e DL-5-p-hydroxyphenyl - hydanLgLnMQL___
DL- 5- phenyl hydantoi n; a pyrimdine netabolite; for exanpl raC|

di hydrouracil or [err]-ureidopropionic acid; a netal ion, s laced |
- 14 - [err] or urea. These additives can-beappesent in th um
in a concentration of from0.1 to 10 -

1 5 . 10
Thr~Arg-Gln-Met-Ile-Leu-Ala-Val-Gly-Gln-.

[



mM for the netal ions, and fromO0.01 to 1% by wei ght for the other
substrates. The cultlvatlon can be performed at a tenperature in the range
of from20 to 85[err]C and at a pH value in the range of from4 to 11.
Aeration . and stirring may pronote the grewiah -of m croorgani sns. After the
cultivation, the culture nediumor the m croorganisns collected therefrom
as such or further processed, may be served as an enzyne source for

decar bany- lation of the D-N-carbanyl-[err]-amno acids. Live or dried

ABSTRACT
In a process for the production of a D-a-amino
acid, in whiéh an N-carbamyl-D-a-amino acid corresponding to

the general formula:

R—EH—COOH
NH-ﬁ—NHé
0
wherein R represents phenyl, hydroxy-substituted phenyl,
substituted or unsubstituted alkyl, or thienyl,

is converted by a microbial enzyme in an aqueous medium to a

D-a—amino acid corresponding to the general formula:

R—éH—COOH
NH,

wherein R is the same as defined anve,
decarbamylase produced by a microorganism of the genus
Comamonas, Blastobacter, Alcaligenes, Sporosarcina,
Rhizobium, Bradyrhizobium or Arthrobacter is used as the
enzyme converting the N-carbamyl-D-a-amino acid ﬁo the D—a-
amino acid.

The conversion of the N-carbamyl-D-a«-amino acids
to the D-a—amino acids is carried out in a neutral to

alkaline pH range.
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(for exanple, lyophilized) bacteria can be used. They may al so be served
af ter honogeni zation, extraction, treatnent with a surfactant, or
sonication. In addition, pure or crude enzyne recovered fromthe bacteria
honbgenat e, extract etc. can be used. The pure or crude enzyne can be

I mobi |l i zed according to, for exanple, the disclosure of the Int.ernational
Application PCT/JP91/01696. In principle, enzynmes produced by
gene- mani pul ated m croorgani sns are equally useful as chose fromthe
original bacteria.
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the tenperature being determ ned
t he substrates

preferably from7 to 9.5. Sone enzynes
In the present process,

have optimum pH values of from8 to 9. Decarbanyl ation takes place usually

at a tenperature of from20 to 85[err]C
optimally for the particular enzyne.

for

- The decarbanyl ation reaction is perforned in an aqueous nediumat a pH
value in the range of from®6 to 11,
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decar banyl ase are N-carbanyl-D-[err]-am no acids such as DN

car banyl al ani ne, D- N-car banyl net hi oni ne, D-N-carbanyl val i ne,

D- N-car banyl | euci ne, D-N-carbanyl phenyl gl yci ne, DN

car banyl - (4- hydr oxyphenyl ) gl yci ne, D-N-carbanyl-(2-thienyl)- glycine and
D- N- car banyl phenyl al ani ne. The group R in the above nentioned fornul ae can
be, for exanple, phenyl-, indolyl-, alkylthio-, hydroxyl-, am no- or
carboxyl - substituted alkyl. D-[err]-Amno acids, the decarbanyl ation
products, can be recovered by conventional procedures such as concentra-

Fig. 3

a : Comamonas sp. E 222 ¢ decarbamylase, purified

b : MW Markers
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tion, neutralization and ion-exchange chromatography. In order to separate
a relatively hydrophobic D-[err]-am no acid such as D phenyl gl yci ne,

D (4- hydr oxyphenyl ) gl yci ne, D | eucine or D phenylal ani ne, the

decar banyl ation reaction m xture may be acidified or alkalized to
precipitate inpurities off, and then treated in a conventional manner, for
exanpl e by concentration and neutralization, to precipitate the am no

acids. Separation of a relatively hydrophilic products such as
D-thi enyl gl ycine, D-serine and D-al'ani ne can be achi eved by ion-exchange

chr omat ogr aphy.

Fig. 4
200
)
g
~ 100}
=
=
S50
30
1 ! 1 1
60 80 100 1290
Fraction No.
@® : Comamonas sp. E 222 ¢ decarbamylase

QO : MW Markers
Aldolase: 158,000 Da

Bovine serum albumin: 68,000 Da

Ovalbumin: : 45,000 Da
Chymotrypsinogen A: 25,000 Da
Cytochrome C: 12,500 Da
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The eluate, for exanple with an ammoni a solution, is then neutralized and
concentr at ed. - 16 - The N-carbanyl-D-am no acids as the substrates for
decar banyl ase can be derived from 5-substituted hydantoin by an enzymatic
reaction. As the enzynme source for this reaction, culture nedia of various

m croor gani sns, the

Fig. 5

100

B e ) 0
o O o

Relative Activity (%)

N
o

o

Relative activity is a value based on the decarbamylase

activity at-pH 7.8 which is settled to be 100%.
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m croorgani sns coll ected therefrom (as such or further processed), or
enzynes extracted therefrom may be used. These processes are disclosed, for
exanpl e,. in Japanese Patent Kokai Publication Nos. 44690/ 1978, 69884/1978,
91189/1978, 133688/1978, 84086/ 1979 and 7001/ 1980. The

D-carbanyl -[err]-am no acids are converted to correspondi ng optically
active D-[err]-amno acids by the present process. Exanples The present
invention is illustrated by the

Fig..G

1001
80 -
60 1

40 1

‘Relative Activity (%)

20 -

O : ~ n
T T )/

20 40 60 80

Temperature (°C)

Relative activity is a value based on the decarbamylase

activity at 40°C which is settled to be 100%.
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0.3

[err]

a nitrogen source as listed

below, pH 7.0) and aerobically incubated at 28[err]C. M croorgani sns were

mul tiplicated through subcul ture

1 g/l [err]
a carbon source as
0.3 g/l

KH2PO4,

1.5 g/l
[err]

1.5 g/l

1 9/1 [err]

[err]

listed below, pH 7.0) or a nmediumB (1 g/l

0.5 g/l

sanples (taken fromdifferent places in

Japan) were placed into 2 m of a nmediumA (1 g/l

o/l

1 g/l

yeast extract,

Exanple 1 Sol
yeast extract,

0.1 g/l
0.1 g/l

gl ucose,

[err]

foll ow ng Exanpl es.
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in the sane nedium Then,
in nmedium A or

days to isolate the strains. -

(cont ai ni ng 2% agar

the culture nmediumwas spread on an agar plate

17 -

B) and incubated at 28[err]C for
Car bon and nitrogen sources:

2 to 6

N- Car banyl - D- p- hydr oxyphenyl gl yci ne (C D- HPG  N- Car banyl - D- phenyl gl yci ne

(C-D- PO

8

Fig.
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Relative activity is a value based on the decarbamylase

activity of the culture medium without metal ions which is

settled to be 100%

8/12

This Sheet Has Been Repl

i




N- Car banyl - D- al ani ne (G- D-Ala) DL-5-Methyl hydantoin (DL-AIa-hyd)
DL- 5- Phenyl hydant oi n (DL- PG hyd) DL-5-p-Hydroxyphenyl hydantoi n (DL- HPG hyd)
carbamat e The isolated strain was suspended

Citrulline Phenylurea n:Butyl

in 100 [err]l

of a substrate solution (35 mvM G D-HPG 200 nM pot assi um
phosphate; pH 7.0) and incubated for 1 to 3 days at 28[err]C

9

Fig.

20

F 42 30

66

97

(KDa)

>l
S =L
E:'_-. ot 2
T3 "
':"' > v
heasd F 3
?E Tt PE
::i-w
o % 1 S
) 3 2
ST YA 1 p 5
% &) 5@,’7
BT et
G 5 e, ¥
- Ly - - Y ]
E .
E‘%‘% > AT B o : :
2t ' o e Nk
?’-’ 5 -} il 5 4
r’:'.g‘:‘fb‘ TEPE L i m‘;‘c o “:_1
"’“""-73;" AR 5E=‘<":. RESNE 5
g -3%§%ﬂﬁ ST
) X e
A o . Y ) e’
3 e 2 :2
S 3 ’ e
: SR
:: e ‘.f “-ﬂ\“‘_‘:"l
1% & 4z _" ~ﬁ'_-
A ; 5y o
Ao : e
S s R '»-v'%
By 15 I IA T
DL ? -""vd‘-zt.d.\
Eﬂﬁ&. e AP 'é%?k S
. _;: Dayhd 33 Pl -_;_-‘;_rigt_'
YT - iz Y
B Y R ’*&«a@tu*;k
o S A A ST e o g [ L
{9 LT b YL g g mﬁi‘—ﬂ\’ﬁ")
NI 2SS AT ada PN T

9/12

: MW Markers
b : Blastobacter sp. A 17 p-4 decarbamylase, purified

a
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Then, a sanple of the suspension was anal yzed for the carbanyl - D HPG and
D- HPG contents by TLC on a Merck 60 [err] plate. The sanpl e was devel oped
by butanol:acetic acid:water 3:3:1 (v/v/v). The am no acids were detected
with a W lump (254 nm or by spraying p-(dinmethylam no)- cinnanal dehyde
and ninhydrin. It was found that 1868 strains could assimlate the carbon
or nitrogen source as used. Anong them 37 strains produced D-HPG 16
strains of which brought high DDHPG yields ([err]2 mM. Exanple 2

Fig. 10
200
o
a
¥ 100
=
=
S0
30
1 t ) I
60 80 100 120
Fraction No.
@® : Blastobacter sp. A 17 p-4 decarbamylase
O : MW Markers

Aldolase: 158,000 Da

Bovine'serum albumin: 68,000 Da

Ovalbumin: ' 45,000 Da
Chymotrypsinogen A: 25,000 Da
Cytochrome C: 12,500 Da
10/12 Thlisllsll'iietIllliilreeanTlaced




The 16 decar banyl ase- produci ng strains were subjected to a further
screening. For this purpose, they were cultured in 1 m of a nediumC (1.5
g/l GDHPG 1 g/l - 18 - KH2POX4, 1 g/l [err] 0.3 g/l [err] 3 g/l yeast
extract, 3 g/l neat extract, 10 g/l glycerol, 2 g/l poly- peptone; pH 7.0)
for 3 days at 28[err]C. Then, 1 nm of the

Fig. 11

100 +

80

60

Relative Activity (%)
1

20

Relative activity is a value based on the decarbamylase

activity at pH 9.0 which is settled to be 100%.
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culture nedjum was centrifuged to collect the m croorganism which was
suspended in 100 [err]1 of the sane substrate solution as used in Exanple.
After 24 hqurs -at 30[err]C or 50[err]C t he suspension was anal yzed for the
D HPG contg'h't'Si A sanpl e of the suspension was subjected to HPLC with a
Cosnosil 5 C 18 columm ([err] 4.6 x 250 nm Nacarai Tesque). D HPG was
eluted with water:acetonitrile: phosphoric acid 95:5:0.01 (v/v/v). The D HPG

concentrati on was determ ned fron1absorbance at 254 nm The results are
shown in Fig. 1.

Fiqg. 12

100 A

Relative Activity (%)

20 -

®)
0 T T T T

20 40 60 80

Temperature (°C)

Relative activity is a wvalue based on the decarbamylase
activity at 50°C which is settled to be 100%.
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. Uoer4e4-2 272
Anmong the 16 strains, the three strains E 206 a, E 222 C and E 215 mhich

were grown on G-D-Ala as a single carbon source, 'mm"¥§f¥ ALLIYEs
ot .!

3 ¥ -
30[err]C. «The D-HPG yield by E 222 C was 30.8 nﬂdagn3 QLI l dnl Y
3.5 mMat 50[err]C. Other three strains A 17 p-| % aﬁﬁz 17‘pP ed 34,
whi ch were cultured on C-D-HPG as a single carbqn“'31 ;Y,mer@@; §“;yP%¢d3ﬁ
active at 50[err]C. The D-HPG yield by A 17_p- 4 |afotit’BasEh’ page oapaged .M

50[err]C, while only 2.5 nMat 30[err]C. Exanpl ¢ ¥ SH0¥ct at ePagseetts focpagedot.
decar banyl ase

DATE OF RECEJPT . 8B17

7-:

SPECIFICATION
PROCESS FOR THE PRODUCTION OF. D~a-AMINO ACIDS

Field of the Invention

. The present invention relaces to a process for the
production of a D-a—amino acid, in which a D-N-carbamyl-a-

amino acid corresponding to the general formula:

*
R-CH—-COOH
NH-C~NH,

i
0

wherein R represents phenyi, hydroxy-subétitﬁted phenyl,
substituted or unsubstituted alkyl preferably having 1 to 5
carbon atoms, or thienyl,

is converted by an enzyme having an ability to eliminate the
carbamyl group (hereinafter referred to as “decarbamylése“)
to a D—a-amino acid'corresponding to the formula:

R-CH-COOH

NH,
- wherein R is the same as defined above.

These optically active D-a-amino acids are
important as pharmaceutical intermediates. 1In particular,
D-phenylglycine and D-(@-hydraxyphenyl)glycine {hereinafter
referred to as "D-HPG") are useful for the production of
semi-synthetic penicillin and semi-synthetic cephalosporin.

Prior Art

This is the replacement sheet
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For the determ nation of substrate specificity of decarbanyl ase of -
Comanonas sp. E 222 C and Bl astobacter sp. A 17 p-4, these strains were
cultured at 28[err]C in the medium - 19 - C (as described in Exanple 2)
for 1 day (E 222 C) and 7 days (A 17 p-4). Three ml of the culture nmedi um

was eentrifuged to separate the m croorgani sm which was suspended in 300
[err]l _ -2 - :

Production of D—a-amino acids by eliminating
carbamyl groups from correéponding D-N-carbamyl-a-amino
acids has been known. The elimination has been done
chemically (Japanese Patent Publication No. 4707/1983) or by
enzymatic reactions of microorganisms (Japanese Patent
Publication Nos. 18793/1982, 20520/1988 and 48758/1989).

| Most of £hese microbial enzymes have optimum pH
values around a ﬁeutral range. However, in the previous
step, wherein the N-carbamyl-D-a-amino acids are prepared by
selectively hydrolyzing the D-form of corresponding DL~5-
substituted hydantoins, hydantoin hydrolase having optimum
pPH of from 8 to 9 is used. Therefore, the subsequent
conversion of the N—carbamyl-D-a-amino'acids to D:a-amiho
acids by decarbamylase has to be carried out in a different_

reaction medium from that in the previous step.

Summary of the ;nvention

The present inventors made a search for micro-
organisms which could enzymatically eliminate carbamyl
groups ("decarbamylation") from D-N-carbamyl-ec-amino acids
to form D-afamino agids, mainly among the genera which are
unknown to have decarbamylase. It has now been found that
the bacteria of the genera Comamonas, Biastobacter,
Alcaligenés, Sporosarcina, Rhizobium, Bradyrhizobium and
Arthrobacter have the decarbamylase activity.

| Accordingly, the present invention relates to a

process for the production of a D-a-amino acid, in which an

This is the replacement sheet
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of a substrate solution (200 nmM pot assi um phosphate, 1% (w v) a substrate
as |isted below) and incubated for 24 hours at 30[err]C (E 222 C) or
50[err]T (A 17 p-4). As shown in Table 1, both m croorgani sns had hi gh
activity to hydrolyze the N-carbanyl substituted, aliphatic and aronmatic
D-antno acids. However, N-carbanyl derivatives of the amno acids having
pol ar groups were | ess hydrolized. Comgnbnas sp. E 222 C could hydrolize

[err]- ureidopropionic acid. It was also found that Bl astobacter sp. A 17
p-4 had a hydantoi nase activity. '

N-carbamyl-D-e-amino acid corresponding to the general

formula (I):

% .
R-CH-COOH
NH—C—NHZ
[}
0
wherein R represents phenyl, hydroxy-substituted phenyl,
substituted or unsubstituted alkyl preferably having 1 to §
carbon atoms, or thienyl, |

is converted by a microbial enzyme in an aqueous medium to a
D-a~amino acid corresponding to the general formula (II):
R-CH-COOH
NH,
wherein R is the same as defined above,
characterized in that the enzyme is decarbamylase produced
by a microorganism of the_genus Comamonas, Blastobacter,

Alcaligenes, Sporosarcina, Rhizobium, Bradyrhizobium or

Arthrobacter.

Brief Description of the Drawings

Fig. 1l is a graph showing the results of’
decarbamylation at 50°C and 30°C by newly screened strains.

Fig. 2 is a graph showing the effects bf various
additives to the culture medium of Comamonas sp. E 222 C on
its decarbamylase productivity.

Fig. 3 is a result of SDS-polyacrylamide gel

electrophoresis of purified Comamonas sp. E 222 C

decarbamyl .
ylase This is the replacement sheet
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- 20 - [err] - 21 - Exanple 4

-

Fig. 4 is a result of gel filtration of the

purified Comamonas sp. E 222 C decarbamylase thorough a

Sephadex G-150 column.

Fig. 5 is a graph showing the effect of pH on the
activity of the purified Comamonas sp. E 222 C

decarbamylase.

Fig. 6 is a graph showing the effect of

temperature on the activity of the purified Comamonas sp. E

222 C decarbamylase.

Fig. 7 is a graph showing the effects of various
additives to the culture medium of Blastobacter sp. A 17 p-4

on its decarbamylase productivity.

Fig. 8 is a graph showing the effects of various
metal ions added to the culture medium of Blastobacter sp. A
17 p-4 on ité decarbamylase productivity. |

Fig. 9 is a result of SDS-polyacrylamide gel
electrophoresis of purified Blastobacter sp. A 17 p-4
decarbamylase.

Fig. 10 is a result of gel filtration of the
purified Blastobacter sp. A 17 p-4 decarbamylase thorough a
Sephadex G-lSO column.

Fig. 11 is a graph showing the effect of pH on the
activity of the purified Blastobacter sp. A 17 p-4
decarbamylase. : °

| Fig. 12 is a graph showing the effect of

temperature on the activity of the purified Blastobacter sp.

A 17 p-4 decarbamylase. _ |
| ° ! This is the replacement sheet
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Promoters for the production of Comanonas sp. E 222 C decar banyl ase A
search was nmade for the substances which could increase the yield of

decar bam/l ase of Comanbnas sp. E 222 C. The strain was cultured in a
nutrient mediumD (1 g/l [err] 1 g/l [err] 0.3 g/l [err] 3 g/l yeast
extract, 3 g/l neat extract, 10 g/l glycerol, 2 g/l poly- peptone; pH 7.0)

for 2 days at 28[err]C. The culture nedqyn]addltlonally contai ned a
substance as listed in Flg 2ina

Detailed Explanation of the Invention

According to the.présent invention, both. D-isomer
sbecific decarbamylase and;unspecific decarbamylase may be
acfually used. An enzyme which is strictly Stereoselective
to D;N—carbamyl—a-amino acids is often called D-N-carbamyl-
a—amino acid amide hydrolase.

Among the microorganisms according to the present
invention, strains showing particularly high decarbamylase
activity are, for example, Comamonas sp. E 222 C (FERM BP
No. 4411, National Institute of Bioscience and Human-
Technology, Agency of Industrial Science and Technology, 1l-
3, Higashi l-chome, Tsukuba-shi, Ibaraki-ken, 305, Japan,
September 18, 1992), Comamonas sp. E 206 a, Comamonas sp. E
217 a, Blastobacter sp. NA 88-b, Blastobacter sp. A 17 p-4
(FERM BP No. 4410, National Institute of Bioscience and
Human-Techhology, Agency of Industrial Science and
Technology, September 18, 1992), Alcaligenes sp. E”215 ( FERM
BP No. 4409, National Institute of Bioscience and Human-
Technblogy, Agency of Industrial Science and Technology.,
September 18, 1992), Alcaiigenes xylosoxidans subsp.
denitrificans CL 66-2 a, Sporosarcina sp. NCA 28-b (FERM BP
No. 4408, National Institute of Biosciencé and Human-
Technology, Agency of Industrial Science and Technology,
September 24, 1992), Rhizobium sp. KNK 1415 (FERM BP No.
4419, National Institute of Bioscience and Human-Technology,

Agency of Industrial Science and Technology, September 22,
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concentration of 0.15% (wv). One ml of the culture nediumwas centrifuged
to collect the mcroorganism which was suspended in 100 [err]l of a
substrate~sol ution (35 nM C D HPG 200 nM pot assi um phosphate; pH 7.0).
After 24 hours at 30[err]C, D HPG was quantitated by HPLC according to the
procedure described in Exanple 2. It was found, as shown in Fig. 2, that

t he decarbanyl ase productivity could be lRErpved by urea, [err]-

ur ei dopropi oni ¢ acid, D phenyl glycine or car banyl - DL- et hi oni ne.

1993), Bradyrhizobium japonicum IFO 14783, Bradyrhizobium
sp. IFO 15003, Arthrobacter sp. CA 17—2 (FERM BP No. 4420,
National Institute.of Bioscience and Human-Technology,
Agency of Industrial Science and Technology., September 22,
1993).

Typical examples of the strains Comamonas sp. E
222 C, Blastobacter sp. A 17 p-4, Alcaligenes sp. E 215,
Sporosarcina sp. NCA 28-b, Rhizobium sp. KNK 1415 and
Arthrobacter sp. CA 17-2 are microbiologicaily characterized

as follows: -

Comamonas sp. E 222 C

(a) Morphology
Bacillus (bent), Gram-variable
Spore: -
Colony: buff, semi-translucent, rouhd, regular, entire,
shiny, low convex, smooth; diameter 1 mm (48 hr)
Growth (48 hr) at: 37°C + |
41°C -
45°C -
(b) Physiological activities
Catalase _ +
Oxidase : -
Glucose fermentation | -
NO,5 Reduction | -
Indole production -

Acid production from glucose _
This is the replacement sheet -
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Exanple 5 Purification of Comanpnas sp. E 222 C decarbanyl ase Comanpnas sp.
E 222 C was cultured at 28[err]C for 3 days in the mediumD (as defined in
Exanpl e 4) containi ng - 22 - 0.15% (W v) of [err]-ureidopropionic acid.

Total 3.6 1 of the

Arginine dehydrclase -
Urease h -
Aesculin hydroiysis | -
Gelatin hydrolysis -

g—Galactosidase -

Cytochrome oxidase

-+

(weak)
(c) Assimilation

Glucose -
Arabinose -
Mannose . ' T
Mannitol -
N-Acetylglucosamine -
Maltose R -
Gluconic acid +
Caproic acid ot
Adipic acid -
Malic acid +
Citric acid _ +
Phenyl acetate +

Blastobacter sp. A 17 p-4.

(a) Morphology

Bacillus (oval), Gram-negative

Spore: -

Colony: white, semi~translucent, round, regular, entire,
shiny, low convex, smooth, mucoid producing;

diameter 1.0-1.5 mm (48 hr)
This is the replacement sheet
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cul ture nediumwas centrifuged to collect the m croorganism which was
suspended in 100 m of 10 nM potassi um phosphate (pH 7.0), honogeni zed by
soni cati on and then centrifuged to take the supernatant containing the
enzynme. Ammoni um sul fate was added to the enzynme solution. Precipitation
fractton at an ammoni um-sul fate concentration of 20-40% saturation was
centrifuged to separate the enzyne, wh ch was dissolved in the same buffer
solution as used above. Then, 177 ml of the enzyne solution was dialyzed to
10 1 of the sanme buffer for 12 hours, charged into a

Growth (48 hr) at: 37°C +

41°C -

45;C -
(b) Physiological activities
Catalase +

Oxidase {weak)

+

Glucose fermentation -
NO; Reduction -
Indolé production -
Acid production from glucose . -
Arginine dehydrolase _ -
Urease . +
Aesculin hydrolysis | +
Gelatin hydrolysis -
g-Galactosidase +
Cytochrome oxidase +

(c) Assimilation

Glucose. ) | +
Arabinose +
Mannose | +
Mannitol | +
N-Acetylglucosamine +
Maltose +

Gluconic acid -
Caproic acid -

Adipic acid — heet
This I8 the rep\acemen‘l 8
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DEAE- Sephacel colum ([err] 5 x 15 cm, and eluted with |inear gradi ent 0
to 1 MNaCl. The eluate was adjusted to an NaC concentration of 4M
charged’into a Phenyl - Sepharose CL-4B colum ([err] 1.5 x 15 cm, and
eluted with linear gradient 4 to O M NaCl. Thus obtained active fraction
was concentrated by ultrafiltration through a YM 10 nenbrane (Am con). The
concentrate (5 m) was gel-filtrated +hpough a Sephacryl S-200 HR columm (O
1.8 x 80 cm with the sane buffer solution as used above additionally

containing 0.2 MNaC. The active fraction was desalted by dialysis,
char ged :

Malic acid -
Citric acid ' -
Phenyl acetate -

Alcaligenes sp. E 215

(ai Morphology
Bacillus, Gram-variable
Spore: -
Mobility: +
Colony: buff, semi-translucent, round, tegular, entire,
loﬁ convex, shiny, smooth; diameter 1 mm (48 hr)
Growth (48 hr) at: 37°C +
41°C -
45°C -
(b) Physiological activities
Catalase +
Oxidase | =
Glucose fermentaﬁion | -

Sporosarcina sp. NCA 28-b

{a) Morphology

Coccus, Gram-variable

Spore: +
Mobility: -
Colony: round, regular, entire, cream to white, semi-

translucent; diameter <0.5 mm (48 hr)

Growth at: 37°C -
45°C -
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into a hydroxyapatite colum ([err] 1.2 x 10 cn), eluted with |inear

gradient 0 to 1 M potassium phosphate (pH 7.0). The active eluate (8.5 m)

was dialyzed for 12 hours to 500 mM of 10 mM pot assi um phosphate (pH 7.0),

charged into a Mono Q HR 5/5 colum, and eluted with linear gradient 0 to

1.0 M - 23 - Nad . The thus obtained active fraction (1.2 m) was
_10_.

(b) Physiological activities

Catalase +
Oxidase ' +
Glucose fermentation -

Rhizobium sp. KNK-1415 (FERM BP-4419)

(a) Morphology

Bacillus (short), Gram—negative

Spore: -

Flagellum: polar or peritrichous

Colony: off-white, opague, entire, regular, smooth, low

convex, mucoid producing; diameterls mm (5 days)
Growth at: 30°C +
37°C (%)

(b) Physiological activities

Catalase +
. Oxidase _ +
" Glucose fermentation -

NO3 Reduction +

Indole production ' -

Acid producfion from glucose -

Arginine dehydrolase -
.Urease | +

Aesculin hydrolysis +

Gelatin hydrolysis . -

g—Galactosidase +

Cytochrome oxidase +
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anal yzed as a purified enzynme solution. As shown in Table 2, specific
activity of the purified enzyne solution was 108 tines that of the super-
nat ant of honogeni zed cell suspension. Enzynme activity recovery was about
2% Ten ng of the purified enzyne was subjected to SDS-pol yacryl am de gel
el ectrophoresis (10% pol yacryl am de) according to the King and Laemmli's
method [King, J., Laemmii, U K., Jourpgl _of Ml ecular Biology, Vol. 62,

165-477 (1971)). A single band was detected at around MW 38, 000, as shown
in Fig. 3.

3-Ketolactose production .-
Hzé Production -

(c) Assimilation

Glucose -+
Arabinose +
Mannose +
Mannitol *
N-Acetylglucosamine +

Maltose %
Gluconic acid -
Caproic acid ' -
Adipic acid | -
Malic_acid .
Citric acid -
Phenyl acetate o -
GC content: 63.4%

“ Quinone analysis: Q-10 95.7%

| Q-9 3.3%

Q-11 0.6%

Q-8 0.4%

Microbial fatty acid analysis:

(whole fatty acids)
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[err] - 24 - In addition, the purified enzynme was subjected to gel
filtrati on through a Sephadex G 150 colum ([err] 1.5 x 85 cmwth 10 nM
pot assi um phosphate (pH 7.0) containing 0.2 M NaC and 0.1 nM

dithiothreitol (DTT). The enzyme was eluted at around MWV 111, 000, as shown
in Firg. 4.

- 12 -
Component | Area (%)
3-0H C14:0 4.6
Cl6:1 | 5.9
Cl16:0 14.0
3-0OH C16:0 - 0.1
Cl8:1 70.7
Cl8:0 3.3
unknown 1.4
(3-OH fatty acids)
_Comgqnent Area (%
3-0H C14:0 88.8
,3—OH Cl16:0 6.6
3-0H C18:0 4.6

(2-OH fatty acid)

not detected

Arthrobacter sp. Ca 17-2 (FERM BP-4420)
(a) Morphology . '
Bacillus or coccus, Gram-positive
Spore: -
Mobility: +
Colony: -off-white, opague, round, regular, convex, smooth;
diameter ca. 0.5 mm (2 days)
Growth at: 30°C +
37°C (+)
45°C - b

(b) Physiological activities This is the replacement sheet
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Exanpl e 6 Characteristics of Comanobnas sp. E 222 C decar banyl ase 25 -
Optimum pH and tenperature of Comanpbnas sp. E 222 C decarbanyl ase were
determi néd by using the enzyne solution obtained in Exanple 5.

- 13 -

Catalase +
Oxidase -
Glucose fermentation -
(c) Chemotaxonomy

Amino acid in peptidoglycan: L-Lysine
. Mycolic acid: -

Fatty acid composition:

anteiso Cyg,.q9 (12-methyltetradecanoic acid) 58%

iso Cis5.:0 (13-methyltetradecanoic acid) 5.5%
iso Cy¢.q (l4-methylpentadecanoic acid) 8%
anteiso Cy4., (l4-methylhexadecanoic acid) 25%

The enzyme decarbamylase can be obtained.by
cultivating the microofganisms usually in a liquid medium in
a conventional manner. However, a solid medium may also be
used. The medium usually contains assimilable carbon and
nitrogen sources as well as inorganic salts essential for
the growth of each microorganism. Decarbamylase
productivity of the bacteria can be preférably iﬁptoved_by
adding to the culture medium a small amount of substance
such as an amino acid, for example D-p-hydroxyphenylglycine
or D-phenylglycine; an N-carbamyl-a-amino acid, for example
N—carbamyl—DL-meEhionine or N-carbamyl-D-phenylalanine; 5-
substituted hydantoin, for example DL-5-p-hydroxyphenyl-
hydantoin or DL-5-phenylhydantoin; a pyrimidine metabolite,
for example uracil, dihydrouracil or g-ureidopropionic acid;

a metal ion, for example Fe2+, Fe3+. Be2+, C02+, A13+, Li+,
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Opti mum pH was determ ned as follows: The enzyne sol ution was contacted
with 10 mM N-car banyl - D- phenysl al ani ne whi ch was buffered with 200 nmM
acet at e- hydrochl ori de (pH 4.2-5.9), potassium phosphate (pH 5.0-8. 8),
Tris-hydro- chloride (pH 7.6-9.9) or glycine-NaOH (pH 8.9-11.1). (The
vol une of the m xture was 500 [err]l.) After the reaction time of 20

m nutes at 30[err]C, the reaction was Le{ginated by the addition of 500

[err]l of ethanol. To quantitate D-phenylalanine forned, a sanple of the
reaction m xture was added to a sol ution containing 200

Mn2*t, Mg2+ or cs*; or urea. These additives can be present
in the culture medium in a concentration of from 0.1l to 10
mM for the metal ions, and from 0.0l to 1% by weight for the
other substrates.

The cultivation can be performed at a temperature
in ;he range of froﬁ 20 to 85°C and at a pH value in the
range of from 4 to 11. Aeration and.stirring may promote
the growth of microorganisms.

After the cultivation, the culture medium or the
microorganisms collected therefrom, as such or further
processed, may be served as an enzyme source for decarbamy-
lation of the D-N-carbamyl-e-—-amino acids. Live or dried
(for example, lyophilized)_ﬁacteria can bé used. They ﬁay
also be served after homogenization, extraction, treatment

‘with a surfactant, or sonication. 1In addition, pure or
crude enzyme recovered from the bacterié homogenate, extract
etc. can be used. The pure or crude enzyme can be
immobilized accbrding to, for example, the disclosure of the
International Application PCT/JP91/01696.

In principle, enzymes produced by gene—-manipulated
microorganisms are edually useful as those from the original
bacteria.

The decarbamylation reaction is performed in an
agqueous medium at a pH value in the rénge of from 6 to 11,
preferably from 7 to 9.5. Some enzymes have optimum pH

values of from 8 to 9. Decarbamylation takes place usually
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mM pot assi um phosphate (pH 7.0), 1.5 nM 4-am noantipyrine, 2.1 nM phenol,

2.25 u of peroxi dase (obtained fromhorse- radish, CALZYME Lab.) and 0.375

units of D-amino acid oxidase (Sigma) to make the total volume 500 [err]l.

After the m xture was incubated at 37[err]C for 60 m nutes, increase of

absorbance at 500 nm was neasured. Qptinmumtenperature was detern ned as

fol lows: The enzyne sol uti on was contagtﬁg with the sane substrate solution
0s

as used above (buffered with potassiump phate; pH 7.0) for 20 m nutes at
10-80[err] C. Then, ammoni a forned was

at a temperature of from 20 to 85°C, the temperature being
determined optimally for the particular enzyme.

In the present process, the substrates for
decarbamylase are N-carbamyl-D—a—-amino acids such as D-N-
carbamylalanine, D-N-carbamylmethionine, D-N-carbamylvaline,
D-N-carbamylleucine, D-N-carbamylphenylglycine, D-N-
carbamyl—(4—hydroxyphény1)glyéine, D-N-~carbamyl—-{(2-thienyl)-
glycine and D-N-carbamylphenylalanine. The group R in the
above méntioned formulae can be, for example, phenyl-,
indolyl-, alkylthio-, hydroxyl-, amino- or carboxyl-
substituted alkyl.

D-e-Amino acids, the deca:bamylatioh products, can
be recovered by conventional procedures such as concentra-
tioﬁ, neutralization and ion-exchange chromatogfaphy. In
order to separate a relatively hydrophobi¢ D-e-amino acid
such as D-phenylglycine, D—(4-hydroxyphenyl)lecine, D-
leucine or D-phenylalaniné, the decarbamylation reactibn
mixture may be acidified.cr alkalized to precipitéte
impurities off, and then treated in a conventional manner,
for example by conceptration and neutralization, to
precipitate the amino acids. Separation of a relatively
hydrophilic products such as D-thienylglycine, D-serine and
D-alanine can be.achieved by ion-exchange chromatography.
The eluate, for example with an ammonia solution, is then

neutralized and concentrated.
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guantitated by the indophenol nethod [Bollter, W T. et al.,.Analytical
Chem stry, Vol. 33, 592-594 (1961)]. ., - 26 - The results are shown in
Fig. 5 and Fig. 6. It was found that the optinmum pH and tenperature of
Comanonas sp. E 222 C decarbanyl ase were 8-9 and 40[err]C. Exanple 7

._16.-

The N-carbamyl-D-amino acids as the substrates for
décarbamylase can be derived from S-substituted hydantoin by
an enzymatic reaction. As the enzyme source for this
reaction, culture media of various microorganisms, the
microorganisms collected therefrom (as such or further
processed), or enzymes extracted therefrom may be used.
These processes are disclosed, fof examﬁle, in Japanese
Patent Kokai Publication_Nos. 44690/1978, 69884/1978,
91189/1978, 13368871978, 84086/1979 and 7001/1980.

The D-carbamyl-a—amino acids are converted to
corresponding optically active D-a-amino acids by the
present process.

Ex%mgles

The present invention is illustrated by the

following Examples.

Example 1

Soli samples (taken from different places in
Japan) were placed into 2 ml of a medium A (1 g/1 KHoPO4, 1
g/l K,HPO,, 0.3 g/1 MgS0,-7H,0, 0.1 g/1 yeast extract, l_g/l
NH,Cl, 1.5 g/l a carbon sﬁurce as listed beloﬁ; pH 7.0) or a
ﬁedium B (1 g/1 KHyPO,, 1 g/1 KyHPO,, 0.3 g/1 MgSO,-7H,O,
0.5 g/1 glucose, 0.1 g/l yeast extract, 1.5 g/1 a nitrogen
source as listed below; pH 7.0) and aerobically incubated at
28°C. Microorganisms were multiplicated through subculture
in the same medium. Then, the culture medium was spread on
an agar plate (containing 2% agar in medium A or B) and

incubated at 28°C for 2 to 6 days to isolate the strains.
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Am no aci d sequence of Comanonas sp. E 222 C decarbanyl ase Am no acid
sequence of the protein decarbanyl ase was determ ned by using the enzyne
sol ution obtained in Exanple 5. The enzyme solution was desalted with
Centricon- 10 Mcrocentrater (Am con) and charged into a pulse-liquid
protein sequencer. The enzyne had the follow ng am no acid sequence at
amno termnal (Arg at 20 and 26 were_npj confirmed due to unclear peaks):
1 . 5 10 15

Carbon and nitrogen sources:

N—Carbahyl-D-p-hydroxyphenylglycine (C-D~-HPG)
N-Carbamyl-D-phenylglycine (C-D-PG)
N-Caébamyl-D-alanine (C~-D—-Ala)
DL-S-Methylhydantoin (DL-Ala-hyd)
DL-5-Phenylhydantoin (DL-PG-hyd) |
bL—5-p-Hydrokyphenylhydantoin (DL-HPG~-hyd)
Citrulline
Phenylurea
n-Butyl carbamate

The isolated strain was suspended in 100 ul of a
substrate solution (35 mM C-D-HPG, 200 mM potassium
phosphate; pH 7.0) and incubated for 1 to 3 days at 28°C.
Then, a sample of the suspension was analyzed for the
carbamyl-D-HPG and D-HPG contents by TLC on a Merck 60 Fjg,
plate. ‘The sample was developed by butanol:acetic
acid:water 3:3:1 (v/v/v). The amino acids were detected
with a UV lump (254 nm) or by spraying p—(dimethjlamino)-
cinnamaldeﬁyde and ninhydrin. It was found that 1868
strains could assimilate the carbon or nitrogen source as.
used. Among them, 37 sfrains produced D-HPG, 16 strains of
which brought high D-HPG yields (22 mM).

Examgle 2

The 16 decarbamylase-producing strains were
subjected to a further screening. For this purpose, they
were cultured in 1 ml of a medium C (1.5 g/l C-D-HPG, 1 g/1
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[err] Exanple 8 Pronoters for the production of- Bl astobacter sp. A 17 p-4
decar banyl ase A search was nmade for the substances which could increase the
yi el d of -~decar banyl ase of Bl astobacter sp. A 17 p-4. The strain was

cultured at 28[err]C for 3 days in the mediumD (as defined in Exanple 4)
addi tional |y contai ni ng

..18_

K32P04, 1 g/1 K,HPO,, 0.3 g/1 MgSO,-7H,0, 3 g/} yeast
extract, 3 g/l meat extract, 10 g/l glyce;ol, 2 g/1 poly-
peptone; pH 7.0) for 3 days at 28°C. Then, 1 ml of the
culture medium was centrifuged to collect the microorganism,
which was suspended in 100 pyl of the same substrate solution
as used in Example. After 24 hours at 30°C or 50°C, the
suspensioh was analyzed for the D-HPG content.

A sample of the suspension was subjected to HPLC
with a Cosmosil 5 C 18 column-(¢ 4.6 x 250 mm, Nacarai
Tesque). D-HPG was eluted with
water:acétonitrile:phosphoric acid 95:5:0.01 (v/v/v). The
D-HPG concentration was determined from absorbance at 254
nm. The results are shown in Fig. 1.~

Among the 16 strains, the three strains E 206 a, E
222 C and E 215, which-were grown on C-D—Ala as a single
carbon source, were very active at 30°C. The D-HPG yield by
E 222 C was 30.8 mM at 30°C, while only 3.5 mM at 50°C.
Other three strains A 17 p-1, A 17 p-3 and A 17 p-4, which
were cultured on C-D-HPG as a single carbon source, were
highly active at 50°C. The D-HPG yield by A 17 p—-4 amounted
to.28.8 mM at 50°C, while only 2.5 mM at 30°C.

Example 3

Substrate specificity of decarbamylase

For the determination of substrate specificity of

o

decarbamylase of Comamonas sp. E 222 C and Blastobacter ép.

A 17 p-4, these strains were cultured at 28°C in the medium
This is the replacement sheet
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-27- 0.15% (w v) of a substance as listed in Fig. 7. Then, D HPG was forned
in the sane way as in Exanple 4 but that the reaction tenperature was
40[err]C/ and quantitated by HPLC. As shown in Fig. 7, the decarbanyl ase

yield was increased in the presence of uracil, dihydrouracil or
[err]=ureidopropionic acid. In order to examne the effects of netal ions
on - 19 -

C (as described in Example 2) for 1 day (E 222 C) and 7 days
(A 17 p-4). Three ml of the culture medium was centrifuged
to separate the microorganism, which was suspended in 300 ul
of a substrate solution (200 mM potassium phosphate, 1%
(w/v) a substrate as listed below) and incubated for 24
hours at 30°C (E 222 C) or 50°C. (A 17 p-4).

As shown in Table 1, both microorganisms had high
activity to hydrolyze the N-carbamyl substituted, aliphatic
and aromatic D-amino acids. However, N-carbamyl derivatives
of the amino acids haviﬂg polar groups were less
hydrolized; Comamonas sp. E 222 C could hydrolize 8-
ureidopropionic acid. It was also found that Blastobacter

sp. A 17 p-4 had a hydantoihase activity.
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t he enzyne productivity, the strain was cultured at 28[err]C for 4 days in
the medium D additionally containing 0.15% (wv) of uracil and 2 nMa neta
ion as listed in Fig. 8. It was found by quantitating D-HPG that ions such.
as [err] [err] increased the decarbanyl ase yield. Exanple 9 Purification of

Bl ast obacter sp. A 17 p-4 decarbanyl ase Bl astobacter sp. A 17 p-4 was
cultured at 28[err]C for - 20 - '

Table 1

Substrate specificity of novel decarbamylase

Substrate Substrate conversion
Comamonas Blastobacter
sp. E 222 ¢ sp. A 17 p-4
N-Carbamyl- _
D-alanine ++++ +++
D-valine ++++ +++
D-leucine : ++++ +++
D—-serine + -
D-phenylalanine ]ttt +++
D-phenylglycine Co ] +4+
D-p-hydroxyphenylglycine | +++ ++
DL—norvaline ++ ++
DL-norleucine ++ ++
DL-methionine ++ , ++
DL-threonine + -
sarcosine - -
g~Ureidopropionic acid I - -
Ureidosuccinic acid - -
DL-~5-Methylhydantoin - ++
DL~5-Phenylhydantoin - ++
DL~-5-p-Hydroxyphenyl-
hydantoin - ++

Conversion to amino acids:

- : 0%
+ : <10%
++ : <50%
+++ : <80%
++++: 100%
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7 days in the nmedium D (as defined in Exanple 4) which additionally :
containing 0.15% (wv) of uracil and 2 mMM[err] Total 4.8 1 of the culture
medi um was centrifuged to separate the mcroorgani sm which was suspended
in 120 mM of 10 mM pot assi um phosphate, honobgenized at 5[err]C for 20

m nutes with glass beads [diameter: 0.25 mm Dyno-M Il KDL, Switzerl and]
and centrifuged to obtain a crude enzyg&lsqjution as a supernatant.

Ammoni um sul fate was added to the enzy

Example 4

Promoters for the production of Comamonas sp. E

222 C decarbamylase

A search was made for the substances which could
increase the yield of decarbamylase of Comamonas sp. E 222
C. |

The strain was cultured.in a nutrient medium D (1
9/l KH,PO,, 1 g/1 K,HPO,, 0.3 g/l MgSO,-7H,0, 3 g/l yeast
extract, 3 g/1 meat extract, 10 g/1 glycerol, 2 g/1 poly-
peptone; pH 7.0) for 2 days at 28°C. The culture medium
additionally contained a.subsfance as listed in Fig. 2 in a
concentration of 0.15% (w/v).

One ml of the culture medium was centrifuged to
colléct the microorganism, which was suspended in 100 ul of
a substrate solution (35 mM C-D-HPG, 200 mM potassium
phosphate; pH 7.0). After 24 hours at 30°C, D-HPG was
quantitated by HPLC according to the procedure descfibed in
Example 2. If was found, as shown in Fig. 2, that the
decarbamylase'prodﬁctivity could be improved by urea, B-
ureidopropionic acid, D-phenylglycine or N-carbamyl-DL-
methionine.

. Example 5

Purification of Comamonas sp. E 222 C

decarbamylase

Comamonas sp. E 222 C was cultured at 28°C for 3

days in the medium D (as defined in Example 4) containing
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- 28 - solution to take a precipitation fraction at an annoni um sul fate
concentration of 20-40% saturation. The precipitate was separated by
centrifugati on and dissolved in the sane buffer solution as used above.
Then, 41 m of the enzyme solution was dialyzed for 12 hours to 5 1 of the

same- buffer solution as used above, purified wth a DEAE-Sephacel colum
and a Phenyl - -22 -

0.15% (w/v) of B-ureidopropionic_acid. Total 3.6 1 of the
culture medium was centrifuged to collect the microorganism,
which was suspended in 100 ml of 10 mM potassium phosphate
(pH 7.0), homogenized by sonication and then centrifuged to
take the supernatant containing the enzyme. Ammonium
sulfate was added to the enzyme solution. Precipitation
fraction at an ammonium sulfate concentration of 20;40%
saturation was centrifuged to separate the enzyme, which was
dissolved in the same buffer solution as used above.

Then, 177 ml of thé enzyme solution was dialyzed
to 10 1 of.the same buffer for 12 hours, charged into a
_DEAE—Sephacel column (¢ S x 15 cm), and eiutéd with linear
gradient 0 to 1 M NaCl. The eluate was adjusted to an NaCl
concentration of 4M, charged into a Phenyl-Sepharose CL—-4B
column (¢ 1.5 x 15 cm), and eluted with linear gradient 4 to
d M NaCl. Thus obtained active fraction was concentrated by
ultrafiltration through a YM-10 membrane (Amicon).. |

The concentrate (5 ml) was gel-filtrated through a
Sephacryl S§-200 HR column (¢ 1.8 x 80 ch) with the same
buffer solution as used above additionally containing 0.2 M
NaCl. The active.fraction was desalted by dialysis, charged
into a hydroxyapatite column (¢ 1.2 x 10 cm), eluted with
linear gradient 0 to 1 M potassium phosphate (pH 7.0)}. The
active eluate (8.5 ml)e;as dialyzed for 12 hours to 500 ml
of 10 mM potassium phosphate (pH 7.0), charged into a Mono Q

HR 5/5 column, and eluted with linear gradient 0 to 1.0 M
This is the replacement sheet
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Sepharose CL-6B columm, and concentrated by ultrafiltration in the sane way
as in Exanple 5. The concentrate (3 m) was gel-filtrated through a
Sephadex’ G 150 colum ([err] 1.5 x 80 cm) with the sane buffer solution as
used above (additional- |y containing 0.2 MNaCd ), desalted by dialysis, and
purified by the sane procedure as in Exanple 5 with a Mono Q HR 5/5 col um.
The thus obtained active fraction (2 ™ )23avas anal yzed as a purified enzynme
solution. As shown in Table 3, specific activity of the purified enzyne
solution was 37 tines that of the supernatant of honpbgeni zed cell suspen-

NaCl. The thus obtained active fraction (1.2 ml) was
analyzed as a purified enzyme solution.

Aé shown in Table 2, sbecific activity of the
purified enzyme solution was 108 times that of the super-
natant of homogenized cell suspension. Enzyme activity
recovery was about 2%.. Ten mg of the purified enzyme was
subjected to SDS—-polyacrylamide gel electrophoresis (10%
polyacrylaﬁide) according to the King and Laemmli's method

-{King, J., Laemmli, U. K., Journal of Molecular Biology,
Vol. 62, 165-477 {1971)]). A siﬁgle band was detected at

around MW 38,000, as shown in Fig. 3.
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sion. Enzynme activity recovery was 2.3% - 29 - [err] The purified
enzyne was subjected to SDS- pol yacryl am de gel el ectrophoresis. A single
band was ‘det ected at around MW 39, 000; see Fig. 9. In addition, the
purified enzyme was gel-filtrated through a Sephadex G 150

_24_

Table 2

Purification of Comamonas sp. E 222 ¢ decarbamylase

Purification step Protein | Enzyme Specific | Recovery
activity { activity :
; (mg) (U) (U/mg) (%)
'1) Supérnatant of !
cell homogenate 6316 23.5 0.0037 100
2) Ammonium sulfate .
precipitation
fraction 2362 21.2 0.0090 90.2

3) DEAE-Sephacel '
fraction 146 21.6 0.15 91.9

4) Phenyl-Sepharose
fraction 40.0 10.9 0.27 46.4

5) Sephacryl S-200
HR fraction . 23.8 6.6 0.28 29.1

6) Hydroxyapatite :
fraction 2.5 0.7 0.28 3.0

7) Mono Q HR 5/5
fraction 1.2 0.48 0.40 2.0

fo e

In addition, the purified enzyme was subjected to
gel filtration through a Sephaaex G-150 column (¢ 1.5 x 85
cm with 10 mM potassium phosphate (pH 7.0) containing 0.2 M
NaCl and 0.1 mM dithiothreitol (DTT). The enzyme was eluted
at around MW 111,000, as shown in Fig. 4.

Example 6

Characteristics of Comamonas sp. E 222 C

decarbamylase
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colum in the sanme way as in Exanple 5. The enzyme was eluted at around MW
120, 000; see Fig. 10. Exanple 10 Characteristics of Blastobacter sp. A 17

p- 4 decat banyl ase Opti mum pH and tenperature of Bl astobacter sp. A 17 p-4
decar banmyl ase were determ ned by using the enzyme

>

- 25 -

Optimum pH and temperature of Comamonas sp. E 222
C decarbamylase were determined by using the enzyme solution
obtained in Example 5.

Optimum pH was determined as follows: The enzyme
solution was contacted.with 10 mM N-carbamyl-D-phenylalanine
which was buffered Qifh 200:mM acetate—hydrochloride (pH
4.2-5.9), potassium phosphate (pH 5.0-8.8), Tris-hydro-
chloride (pH 7.6-9.9) of glycine-NaOH (pH 8.9-11.1). (The
volume of the mixture was 500 ul.) After the reaction time
of 20 minutes at 30°C, the reaction was terminated by the
addition of 500 pul of ethanol.

To quantitate D-phenylalanine formed, a sémple of
the reaétion mixture was added to a solution containing 200
mM potassium éhoéphate (pH 7.0), 1.5 mM 4-aminoantipyrine,
2.1 mM phenol, 2.25 u of peroxidase (obtained from horse;
radish, CALZYME Lab.) and 0.375 units of D-amino acid
oxidase (Sigma) to make the total volume 500 ul. After the
mixture was incubated at 37°C for 60 minutes, increase of
absorbance at 500 nm was measured.

| Optimum temperature was determined as follows: The
enzyme solution was contacted with the same substrate
solution as used above (buffered with potassium phosphate;
pH 7.0) for 20 minutes at 10-80°C. Thén, ammonia formed was
quantitated by the indophenol method (Bollter, W. T. et al.,

Analytical Chemistry, Vol. 33, 592-594 (1961)].
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30 - solution obtained in Exanple 9 according to the same procedure as in
Exanple 6. The results are shown in Figs. 11 and 12. It was found that the
opti mum pH and tenperature of Bl astobacter sp. A 17 p-4 decarbanyl ase were
9 and 50[err]C. Exanple 11 Am no acid sequence of Bl astobacter sp. A 17 p-4
decar banyl ase Am no acid sequence of the protein decarbanyl ase was

determ ned by using the enzynme sol uti enggbtai ned in

The results are shown in Fig. 5 and Fig. 6. It
was found that the optimum pH and temperature of Comamonas
sp. E 222 C decarbamylase were 8-9 and 40°C.

Example 7

Amino acid sequence of Comamonas sp. E 222 C

decarbamylase

Amino acid sequence of the protein decarbamylase
was detérmined by using the enzyme solution obtained in-
Example 5. The enzyme solution was desalted with Centricon-
10 Microcentrater (Amicon) and charged into a pulse-liquid
protein sequencer. The enzyme had the following amino acid
sequence at amino terminal (Arg at 20 and 26 were not
coﬁfirmed due to unclear peaks):

1 5 10 15
' Ser-Arg-Ile-Val-Asn-Tyr-Ala-Ala-Ala-Gln-Leu-Gly-Pro-Ile-Gln-—

20 25 _
Arg-Ala-Asp-Ser-(Arg)-Ala-Asp-Val-Met-Glu-(Arg)-Leu-Leu—Ala-

30
His

Example 8

Promoters for the production of Blastobacter sp. A

17 p—-4 decarbamylase

A éearch was made for the substances which could
increase the yield of decarbamylase of Blastobacter sp. A 17
p—4.

The strain was cultured at 28°C for 3 days in the

medium D (as defined in Example 4) additionally containing
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Exanpl e 9 according to the sane procedure as in Exanple 7. The enzyne had
the following amno acid sequence at amno termnal (Arg at 38 was not

confirméd due to unclear peak): 1 5 10

15 [err]

Exanpl e 12 The seven strains of the genera Rhi zobi um and

Bradyrhi zobiumlisted in Table 4 were cultured at 30[err]C for 24 hours in

1 M of the 805 liquid nedium (yeast extract lg/1, mannitol 5g/1, [err]
g/l, [err] 0.1g/1, 2]

0.15% (w/v) of a substance as listed in Fig. 7. Then, D-HPG
was formed in the same way as in Example 4 but that the
reaction temperature was 40°C, and quantitated by HPLC. As
shown in Fig. 7, the decarbamylase yield was increased in
the presence of uracil, dihydrouracil or g-ureidopropionic
acid. .

In order to examine the effects of metal ions on
the enzyme productivity, the strain was cultured at 28°C for

4 days in the medium D additionally containing 0.15% (w/v)

of uracil and 2 mM a metal ion as listed in Fig. 8. It was

found by quantitating D-HPG that ions such as Fe2+, Fe3+,.

Li+, Cs+, Be2+, Mg2+, Mn2+, Co2+ and Al3+ increased the

decarbamylase yield.

ExamEle'Q

Purification of Blastobacter sp. A 17 p-

decarbamylase

Blastobacter sp. A 17 p-4 was cultured at 28°C for
7 days in the medium D (as defined in Example 4) which
additionally containing 0.15% (w/v) of uracil and 2 mM
FeSO,-7H,0. Total 4.8 1 of the culture medium was
centrifuged to separate the microorganism, which was
suspended in 120 ml of 10 mM potassium phosphate,
homogenized at 5°C for 20 minutes with glass beads
{diameter: 0.25 mm; Dyno-Mill KDL, Switzerland] and
centrifuged to obtain a crude enzyme solution as a

supernatant. Ammonium sulfate was added to the eniyme

0.7
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[err] Ig/l, CDHPGIg/l; pH 7.0) containing CGD-HPG or CD-Ala in a final
concentration of 1 g/l. The culture nediumwas centrifugated to separate
the mcfoorgani sm which was suspended in 0.5 nml of a substrate solution

(1% C - 31 - DHPGor CGDAa, 0.1 Mpotassium phosphate (pH 7.0), 0.1%
Triton X-100). The suspension was incubated at 37[err]C for 24
_28_

solution to take a precipitation fraction at an ammonium
sulfate concentration of 20-40% saturation. The precipitate
was separated by centrifugation and dissolved in the same
buffer solution as used above.

Then, 41 ml of the enzyme solution was dialyzed
for 12 hours to 5 1 of the same buffer solution as used
above, purified with a DEAE-Sephacel column and a Phenyl-
Sepharose CL-6B column, and concentrated by ultrafiltration
in the same way as in Example 5. The-concentfate (3 ml) was

~gei-filtrated-through a Sephadex G-150 column (¢ 1.5 x 80
cm) Qith the same buffer SOIution as used above (additional-
ly containing 0.2 M NaCl),®’ desalted by dialysis, and
purified by the same procedure as in Example 5 with a Mono Q
HR 5/5 column. The thus obtained active fraction (2 ml) was
analyzed as a purified enzyme.solutiqn; As shown in Table
3, specific activity of the purified enzyme solution was 37
times that of the supernatant of homogenized cell suspen-

sion. Enzyme activity recovery was 2.3%.
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hours and anal yzed by TLC in the sane way as in Exanple 1. Decarbanyl ation

activity was found in the strains of genus Bradyrhizobium as shown in
Table 4. .Table 4 Strain Decar banyl ase

activity Rhizobiumloti |FO 14779 ++ Rhi zobi um

meliloti | FO 14782 ++ Rhi zobium Fredii | FO 14780

++ Rhi zobi um gal egae | FO 14965 - 29 - ++ Rhi zobi um huakuii | FO
15243 ' +

Table 3

Purification of Blastobacter sp. A 17 p-4 decarbamylase

' Purification step Protein | Enzyme Specific | Recovery
activity | activity
(mg) (0) (U/mg) (%)

1) Supernatant of

cell homogenate 4657 . | 52.0 0.011 100
2) Ammonium sulfate

precipitation : :

fraction 797 30.2 0.038 58.1

-3) DEAE-Sephacel :
fraction 284 18.3 0.064 35.2

4) Phenyl-Cellulose
fraction 89.6 7.6 0.085 14.6

S) Sephadex G-150
fraction 15.4 4.1 0.27 7.9

6) Mono Q HR 5/5 . .
fraction 2.9 1.2 0.41 2.3

The purified enzyme was subjected to SDS-
polyacrylamide gel electrophoresis. A single band was
detected at around MW 39,000; see Fig. 9. 1In addition, the
purified enzyme was gel-filtrated through a Sephadex G-150
column in the same way as in Example 5. The enzyme was
eluted at around MW 120,000; see Fig. 10.

Example 10 ‘ ?

Characteristics of Blastobacter sp. A 17 p-4

decarbamylase

Optimum pH and temperature of Blastobacter sp. A

17 p-4 decarbamylase were determined by using the enzyme
This is the replacement sheet
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Br adyr hyzobi um j aponi cum | FO 14783 + Bradyr hyzobi um sp. | FO
15003 + Exanple 13 Soil sanples were subjected to another
screening in the sane way as in Exanple 1. N-Carbanyl-D-leucine (CGD Leu),
N- car banyl - D-al anine (C-D-Ala), N-carbanyl-D phenyl-. glycine (CGD PG or
DL- 5- et hyl hydant oi n (DL- Al a- hyd) was used as a carbon or nitrogen source.
Anong the strains which were grown, 9 stggins were tested for decarbanyl ase
activity on CGD-Ala or CD HPG according to the procedure of

solution obtained in Example 9 according to the same
procedure as in Example 6. The results are shown in Figs.
11 and 12. It was found that the optimum pH and temperature
of.Blastobacter sp. A 17 p-4 decarbainase were 9 and 50°C.

Example 11

Amino acid sequence of Blastobacter sp. A 17 p—-4

decarbamylase

Amino acid sequence of the protein decarbamylase
was determined by using the enzyme solution obtained in
‘Example 9 according to the same procedure as in Example 7.
The enzyme had the following amino acid sequence at amino
terminal (Arg at 38 was not confirmed due to unclear peak):

1 5 10 15
Ala—Arg-Lys—Leu—Asn—Leu—Ala—Val—Ala—Gln ~Leu—-Gly-Pro-Ile-Ala-

20 25 - 30
Arg-Ala-Glu-Thr-Arg-Asp-Gln-Val-Val-Ala-Arg-Leu-Met-Glu-Met-

35 40
Met-Lys—-Glu-Ala-Lys-Ser-Ser-(Arg)-Gly—-Thr

Example 12

The seven strains of the genera Rhizobium and
Bradyrhlzoblum listed in Table 4 were cultured at 30°C for
24 hours in 1 ml of the 805 liquid medium (yeast extract
lg/1l, mannitol 5g/1, KzﬁP04 0.7 g/1, KH,PO, 0.19/1,
MgSO,-7H,0 1g/1, C~D-HPG 1g/l; pH 7.0) containing C-D-HPG or
C-D-Ala in a final concentration of 1 g/1. The culture
medium Qas centrifugated to separate the microorganism,

which was suspended in 0.5 ml of a substrate solution (1% C-
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Exanpl e 12. The results are shown in Table 5. Some strains were nore
specific to GDHPGthan to CGD-Ala, and the others nore specific to

C-D A a than to C D HPG - 32 - [err] Exanple 14 The strain of Rhyzobi um
sp. KNK 1415 whi ch was

- 31 -

D-HPG or C-D-Ala, 0.1 M potassium phosphafe (pH 7.0), 0.1%
Triton X-100). The suspension was incubated at. 37°C for 24
hours and analyzed by TLC in the same way as in Example 1.
Decarbamylation activity was found in the strains of genus

Bradyrhizobium, as shown in Table 4.

Table 4

Strain Decarbamylase activit§
Rhizobium loti IFO 14779 : ++

Rhizobium meliloti IFO 14782 ++

Rhizobium Fredii IFO 14780 - ++

Rhizobium galegae IFO 14965 ++

Rhizobiﬂm huakuii IFO 15243 +
Bradyrhyzobium japonicum IFO 14783 +
Bradyrhyzobium sp. IFO 15003 : +

Example 13

Soil ‘samples weie subjected to another screening
in the same way as in Example 1. N-Carbamyl-D-leucine (C-D-
Leu), N-carbamyl-D-alanine (C-D-Ala), N-carbamyl-D-phenyl-
glycine (C-D-PG) or DL-S5-methylhydantoin (DL-Ala-hyd) was
used as a carbon or nitrogen source. ‘Among the strains
which were grown, 9 strains were tested for decarbamylase'
activity on C-D-Ala or C-D-HPG according to the procedure of
Example 12. The results are shown in Table 5. Some strains
were more specific to C-D-HPG than to C-D-Ala, and the

others more specific to C-D-Ala than to C-D HPG.
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obtained in Exanple 13 was cultured at 30[err] for 40 hours in 10.1 of the
SE medi um (sucrose 23 g/l, yeast extract 4 g/l, urea 2 g/1, [err] 2 g/l,
[err] 2 g/l, [err] 1 g/l, [err] 0.01 g/l; pH 6.5). The cul ture nmedi um was
centrifugated to separate the mcroorganism which was washed with 0. 9%
sal i ne, honogeni zed by sonication, and centrifugated. The supernatant was

treated with protamne sulfate (0.1 ng/ogzprotein) for enucleation and then
centrifugated. The supernatant was heated to 50[err]C for 30

Table S
Strain ~Substrate Activity
Rhizobium sp. KNK 1415 C-D-PG +++ (C-D-HPG)

Alcaligenes xylosoxidans
subsp. denitrificans

CL 66-2a . c-D-Leu ++ (C-D-HPG)
cL 67-1 C-D-Leu ++ (C~D-HPG)
CL 85-1 C-D-Leu + (C-D-HPG)
ca 17-1 C-D-Ala + (C-D-Ala)

Arthrobacter sp.

CA 17-2 C-D-Ala ++ (C-D-Ala)

CA 77-2 _ C-D-Ala ++ (C-D-Ala)

AH 71-1 DL-Ala-hyd + (C-D-Ala)

AH 57'-1 DL-Ala-hyd ++ (C-D-Ala)
‘ Example 14

The strain of Rhyzobium sp. KNK 1415 which was
obtained in Example 13 was cultured at 30°C for 40 hours in
10. 1 of the SE medium (sucrose 23 g/l, yeast extract 4 g/1,
urea 2 g/l,.KHzpo4 2 g/1, NajHPO, 2 g/1l, MgSO,-7H,0 1 g/l,
MnCl,-4H,0 0.01 g/1; pH 6.5). The culture medium was
centrifugated to separate the microorganism, which was
washed with 0.9% saline, homogeniéed by sonication, and
centrifugated. The supernatant was treated with protamine
sulfate (0.1 mg/mg protein) for enucleation and then

centrifugated.' The supernatant was heated to 50°C for 30
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- 33 - mnutes and centrifugated to renpve denatured proteins. To the

sol ution, amonium sul fate was added in a concentration of 30% saturation.
The ammoni um sul fate precipitate was coll ected by centrifugation, dissolved
in 500 M of a buffer solution (20 "M Tris-Hd (pH 7.5), 2 nmM DTT),

di al yzed to the sane buffer solution, charged into a DEAE-cel |l ul ose colum
and eluted with a solution (10 nmM sodi umyhasphat e

minutes and centrifugated to remove denatured proteins. To
the solution, ammonium sulféte was added in a concentration
of 30% saturation. The ammonium s@lfate precipitate was
éollected by centrifugation, dissolved in 500 ml of a buffer
solution (20 mM Tris-HC1l (pH 7.5); 2 mM DTT), dialyzed to
tﬁe same buffer solution, charged into a DEAE—celluiose
column and eluted with a solution (10 mM sodium phosphate
(pE 7.2), 0.15 M NaCl, 1 mM DTT). The eluate was
copcentrated by ultrafiltration with a ¥YM-10 membrane
(Amicon) and analyzed by SDSféolyacrylamide gel electro-

phoresis. The énzyme decarbamylase was detected at around

35,000.

Example 15

The pétt of decarbamylase band of the SDS-poly-
acrylamide gel from Example 14 was cut out, homogenized in a
buffer solution (50 mM Tris-HCl (pH 7.5), 0.1% SDS, 0.1 mM
EDTA, 150 mM NaCl, S mM DTT) and eluted at room temperature.
The extract was concentrated by ultrafiltration, charged
‘into a reverse phase HPLé column (AP-303; YMC) and eluted
with gradient acetonitril. Thus obtained decarbamylase-
containing fraction was charged into a gas phase protein
sequencer (Applied Biosystems). The enzyme had the
folloﬁing amino acid sequence at amino terminal:

1l 5 10
Thr-Arg-Gln-Met-Ile-Leu~Ala-Val-Gly-Gln-

Effects of the Invention
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(pH7.2), 0.15 MNad, 1 nMDTT). The eluate was concentrated by
ultrafiltration with a YM 10 nenbrane (Am con) and anal yzed by

SDS- pol yacryl am de gel el ectro- phoresis. The enzynme decar banyl ase was
detected at around 35,000. Exanpl e 15 The part of decarbanyl ase band of the
SDS- pol y- acryl am de gel from Exanple 14 was cut out, honobgenized in a
buffer solution (50 MM Tris HCL (pH 7.5 ,38.4% SDS, 0.1 nM EDTA, 150 nM
NaCl, 5 mM DIT) and eluted at room tenperature.

By using novel decarbamylase according to the
invention, D-a-amino acids, which are important inter-
mediates for the production of pharmaceuticals such as
antibiotics, can be prepared more efficiently under

convenient conditions such as pH 8-9 and S0°cC.

This is the rentacement sheet

Date: 9 Fev B9



The extract was concentrated by ultrafiltration, charged into a reverse
phase HPLC col um (AP-303; YMC) and eluted with gradient acetonitril. Thus
obt ai ned decar banyl ase- containing fraction was charged into a gas phase

protein sequencer (Applied Biosystens). The enzyne had the follow ng am no
acid sequence at amno termnal: 1 5 10

Thr-Arg-@n-Met-11le-Leu-Ala-Val -G y-G@Hn-3kffects of the Invention

What is claimed is:

1. A process for the production of a D-a-amino
acid, in which an N-carbamyl-D-a—amino acid corresponding to

the general formula:

*
R~CH-COOH
NH-C-NH,,

i
0

wherein R repfesents phenyl, hydroxy-substituted phenyl,
substituted or unsubstituted alkyl, or thienyl,
is converted by a microbial enzyme in an aqueous medium to a

D-a—amino acid corresponding to the general formula:

R~CH-COOH
NH2
wherein R is the same as defined above,
characterized in that the enzyme is decarbamylase produced
by a microorganism of the genus Comamonas; Blastobacter,
Alcaligenes, Sporosarcina, Rhizobium, Bradyrhizobipm or
Arthrochtef.
| 2. The process claimed in Claim 1, wherein a

culture medium of the microorganism, the microorganism, as
such or processed, a homogenate or extract of the micro-
organism, the pure or crude enzyme, or an immobilized form
thereof is used as a microbial decarbamylase source.

3. The process claimed in Claim 1 or 2, wherein

the microorganism is Comamconas sp. E 222 C (FERM BP No.

This is the replacement Sheoot
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- 34 - By using novel decarbanyl ase according to the invention,
D-[err]-amno acids, which are inportant inter- nediates for the production
of pharnaceuticals such as antibiotics, can be prepared nore efficiently
under conveni ent conditions such as pH 8-9 and 50[err]C

_36_

4411), Blastobacter sp. A 17 p—-4 (FERM BP No. 4410),
Alcaligenes sp. E 215 (FERM BP No. 4409), Sporosarcina sp.
NCA 28-b (FERM BP No. 4408), Rhizobium Sp. KNK 1415 (FERM BP
No. 4419),'Bradyrhizobium japonicum IFO 14783,
Bradyrhizobium sp. IFO 15003'or Arthrobacter sp. CA 17-2
(FERM BP No. 4420).

4. The process claimed in Claim 1 or 2, wherein
decarbamylase used has been produced in a culture medium
containing a promoter . for decarbamylase production.

S. The process claimed in Claim 4, wherein the
promoter is selected from a group consisting of D-amino
acids, N-carbamyl-a—-amino acids, S-substituted hydantoins,
pyrimidine metabolites and metal ions.

6. The process claimed in Claim 4, wherein the
microorganism is a strain of the genus Comamonas, and the
promoter is urea, B—ureidopropionic.acid, D-phenylglycine or
N-carbamyl-DL-methionine.

' 7. The process claimed in Claim 4, wherein the
microorganism is a strain of the genus Blastobacter, and the

promoter is uracil, dihydrouracil, g-ureidopropionic acid,

Lit, cst

’ Be+, M92+, Mn2+, Fe2+, Fe3+, co?* or m13*,

8. The process claimed in Claim 1, wherein the
agueous medium is maintained'at pH 6 to 1l1.
9. The process claimed in Claim 1, wherein the

agqueous medium is maintained at pH 7.5 to 9.5.
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- 35 - Wat is clained is: 1. A process for the production of a
D-[err]-amno acid, in which an N-carbanyl-D-[err]-am no acid correspondi ng
to the general formula: [err] wherein R represents phenyl,

hydr oxy- substi tuted phenyl, substituted or unsubstituted al kyl, or thienyl,
I's converted by a mcrobial enzynme in anjaqueous nediumto a

10. The process claimed in Claim 1, wherein
decarbamylase is used at 40 to 50°C.

11. Decarbamylase having an optimum pH value of

from 8 to 9.

12. Dec#rbamylase having an optimum temperature of
from 40 to 50°C.

13. Decarbamylase claimed in Claim 11 or 12, thch
is produced by Comamonas sp. E 222 C, Blastobacter sp. A 17
p—4 or Rhizobium sp. KNK 1415.

14. Decarbamylase claimed in Claim 13, which is
produced by Comamonas sp. E 222 C and has the following

amino acid sequence at amino terminal:

1 5 10 15
Ser-Arg-Ile-Val-Asn-Tyr-Ala-Ala-Ala-Gln-Leu-Gly-Pro-Ile-Gln-

20 25
Arg-Ala—-Asp-Ser—(Arg)—Ala—-Asp—-Val-Met-Glu—-(Arg)-Leu-Leu-Ala-

30
His.

15. Decarbamylase claimed in Claim 13, which is
produced by Blastobacter sp. A 17 p-4 and has the following
amino acid sequence at amino terminal:

1l 5 10 15
Ala-Arg~-Lys-Leu-Asn-Leu-Ala-Val-Ala-Gln-Leu-Gly—-Pro-Ile-Ala-

20 25 30
Arg-Ala-Glu-Thr-Arg-Asp-Gln-Val-Val-Ala-Arg-Leu-Met-Glu-Met-

35 40
Met-Lys-Glu—-Ala-Lys-Ser—Ser-(Arg)-Gly—-Thr.

16. Decarbamylase claimed in Claim 13, which is
pruduced by Rhizobium sp. KNK 1415 and has the following

amino acid sequence at amino terminal:
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D-[err]-am no acid corresponding to the general fornula: [err] wherein Ris
the sane as defined above, characterized in that the enzyne is

decar banmyl ase produced by a m croorgani smof the genus Comanonas,

Bl ast obacter, Al caligenes, Sporosarcina, Rhizobium Bradyrhizobium or
Arthrobacter. 2. The process clainmed in Caim1l, wherein a culture nmedium
of the mcroorganism the mcroorgani sfi 3 such or processed, a hormpgenate
or extract of the mcro- '

1 5 _ 10
Thr-Arg-Gln-Met-Ile-Leu-Ala-Val-Gly-Gln-.

AR O R This s the replacement sheet
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organi sm the pure or crude enzyme, or animmobilized formthereof is used
as a n1c[ob|al decar banyl ase source.. 3. The process clained in Caim1 or
2, wherein the mcroorganismis Comanobnas sp. E 222 C (FERM BP No. - 36

- 4411), Bl-astobacter sp. A 17 p-4 (FERM BP No. 4410), Al caligenes sp. E
215 (FERM BP No. 4409), Sporosarcina sp.

_39 —_

PROCESS FOR THE PRODUCTION OF D-«-AMINO ACIDS
ABSTRACT
In a process for the production of a D-a—amino
acid, in which an N-carbamyl-D-«—amino acid corresponding to

the general formula:

R-CH-COOH

NH-C-NH,

i
o)

wherein R represents phenyl, hydroxy-substituted phenyl,
substituted or unsubstituted alkyl, or thienyl,:
' is converted by a microbial enzyme in an aqueous medium to a

D-a—-amino acid corresponding to the general formula:

R—EH—COOH
ki

wherein R is the same as defined aBove,
decarbamylase produced by a microorganism of the genus
Comamonas, Blastobacter; Alcaligenes, Sporosarcina,
Rhizobium, Bradyrhizobium or Arthrobacter is used as the
enzyme converting the N-carbamyl-D-«-amino acid to the D-a-
amino acid.

The gonversion.of the N-carbamyl-D-a—-amino acids

to the D-es—amino acids is carried out in a neutral to

alkaline pH range.

This is the replacement sheet
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NC. A 28-b (FERM BP-No. 4408), Rhizobium sp. KNK 1415 (FERM BP No. 4419),
Br adyr hi zobi um j aponi cum | FO 14783, Bradyrhi zobi um sp. | FO 15003 or
Arthrobacter sp. CA 17-2 (-FERM BP No. 4420). 4. The process clained in
Claim1 or 2, wherein decarbanyl ase used has been produced in a culture
medi um contai ning a pronoter for decarbanyl ase production. 5. The process
clainmed in Caim4, wherein the prom)tH s selected froma group
consisting of D-am no acids, N-carbanyl-[err]-am no acids, 5-substituted

hydant oi ns,
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i's

and the
8. The process

D- phenyl gl yci ne or
wherein the

and the pronoter

[err]

6. The process clainmed in O aim4,

I ons.
ganismis a strain of the genus Comanobnas,

ur ei dopr @h¥hi c acid

7. The process clainmed in daim4,
wherein the

[err] -

train of the genus Bl astobacter,

[err]-urei dopropionic acid,

is urea,
N- car banyl - DL- net hi oni ne.
di hydrouraci |,

I

.

pyri m di ne netabolites and netal
m croorganismis a s

wherein the ncroor

clained in daimi1l,

pr onot er
uracil,
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aqueous nediumis maintained at pH 6 to 11. 9. The process clained in daim
1, wherein the aqueous nediumis nmaintained at pH 7.5 to 9.5. - 37 - 10.
The procesSs clained in Claim1l, wherein decarbanylase is used at 40 to
50[err] G 11. Decarbanyl ase havi ng an opti mum pH val ue of '

3712

Pig. 3

a : Comamonas sp. E 222 c decarbamylase, purified

b : MW Markers

This is the replacement 'sheét
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from8 to 9. 12. Decarbanyl ase having an optimumtenperature of from40 to

50[err] C. 13. Decarbanylase clained in aim11l or 12, which is produced by
Comanonas, sp. E 222 C, Bl astobacter sp. A 17 p-4 or Rhizobium sp. KNK 1415.
14. Decarbanyl ase clainmed in daim 13, which is produced by Comanobnas sp. E

222 C and has the follow ng amno acid se(iu/e_\lrice at amno termnal: [err]

Fig. 4

SO0t
30
1 1 1 1
60 80 100 1290
Fraction No.
® : Comamonas sp. E 222 ¢ decarbamylase

O: MW Markers
Aldolase: . 158,000 Da

Bovine serum albumin: 68,000 Da

Ovalbumin: 45,000 Da
Chymotrypsinogen A: 25,000 Da
Cytochrome C: 12,500 Da
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~5 FEB 1997

Date:



15. Decarbanylase clained in daim13, which is produced by Bl astobacter

sp. A 17 p-4 and has the follow ng am no acid sequence at amno termnal: 1
5 " 10 15

Al a- Arg: Lys- Leu- Asn- Leu- Al a-Val - Al a-d n-Leu-@ y-Pro-Ile-Aa- 20

25 - 30 .

Arg- Al a-d u-Thr- Ar g- Asp- @ n- Val - Val - Al a- A&/d2Leu- Met - G u- Met - 35

40 Met-Lys-d u-Al a-Lys-Ser-Ser-(Arg)-dy-Thr. 16. Decarbanyl ase clainmed in
Claim13, which is _

Fig. 5

100 -

(@))] Q0
o Q

>
-

Relative Activity (%)

20

Relative activity is a value based on the decarbamylase

activity at pH 7.8 which is settled to be 100%.
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pruduced by Rhi zobi um sp. KNK 1415 and has the foll ow ng am no acid
sequence at am no term nal: - 38 -1 5
10 Thr-Afg-A n-Met-Ile-Leu-Ala-Val-Ay-dn-.

"

6/12

Fig. 6

100 -
80 1
60 -

40 A

‘Relative Activity (%)

20 -

O T T T ‘O—O_—_T
20 40 60 80

Temperature (°C)

Relative activity is a value based on the decarbamylase

activity at 40°C which is settled to be 100%.
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4

None
Li*
Na*
K#
Rb*
Cs*
Be?*
Mg?*
Ca?*
Ba?*
Mn?2*
Fe?*
Fe3*
Co?*
Nj2*
Cu2+
Zn?*
Al3
Ag*

- Sn2+
Pb2+
Cd2+
Hg?*
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Relative Activity (%)

150

Relative activity is a value based on the decarbamylase

activity of the culture medium without metal ions which is

settled to be 100%.
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MW (KDa)
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Fig. 10

200

100

SO

1 1 1 1

60 80 100 120

Fraction No.

@® : Blastobacter sp. A 17 p-4 decarbamylase
QO : MW Markers
Aldolase: 158,000 Da

Bovine serum albumin: 68,000 Da

Ovalbumin: 45,000 Da-
Chymotrypsinogen A: 25,000 Da
Cytochrome C: 12,500 Da
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Fig. 11

1

100

1

80

Relative Activity (%)

A

20

Relative activity is a value based on the decarbamylase

activity at pH 9.0 which is settled to be 100%.
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Fig. 12

100
80 1
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40

Relative Activity (%)

D T ' T T T
20 40 60 80

Temperature (°C)

Relative activity is a value based on the decarbamylase

activity at 50°C which is settled to be 100%.
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