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The presgpat invention relates to a process for the produ o] |
. D-[err]l & no acids, and nore particularly, to a proce ction
of D-[%¥rr]-amino aci ds usi ng a novel transformant h EEFMASBEEN | S
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related to an enzyne capabl e of convertlng D-N-carb x%yﬁﬁ? LAcEmnno eLids
into the correspondlng D-[err]-am no acids. Backgrolipd—ast =catFy=acti ve
D-[err]-am no acids are inportant conpounds as |nterned|ates of drugs, and
particul arly,

SPECIFICATION
PROCESS FOR PRODUCTION OF D-a-AMINO ACIDS

Technical field

The present invention relates to a process for the
production of D-e-amino acids, and more pafticularly, to a
process for the production of D—a-amino acids using a novel
transfbrmant having a gene which is related to an enzyﬁe
capable of converting D—N—carbamoyl—a-amino acids "into ﬁhe_

corresponding D—-ae-amino acids.

Background ért

Optically-active b—a—amlno acids- are 1mportant
compounds as intermediates of drugs, and partlcularly,.
D-phenylglycine, D-parahydroxyphenyl-glycine and other
interﬁediates for the production of semisynthesized
penicillin or cephalosporin antibiotics are industrially
useful ésmpounds. As a process qu the production of such
D—a-amino acids, there is a well—known process in which
carbamoyl groups of the correspondlng D- N-carbamoyl-a amino
aC1ds are removed to give the dg51red D-a—amino acids. The.
removal of carbamoyl groups. in this process is achieved by a
chemical process (e.g., the. specification of Japanese Patent

Publication No. 58-4707) or by a process utilizing the

enzymatic reaction of microorganisms (e.g., the
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D phenyl gl yci ne, D- par ahydr oxyphenyl - gl yci ne and ot her internedi ates for
the production of sem synthesized penicillifn or cephal osporin antibiotics
are |ndustr|ally useful conpounds. As a process for the product ;
D-[errF-anmino acids, there is a well-known process in W§ §ﬁE@ﬁHﬂ$BEEN
groups of the correspond‘i ng D-N-car banoyl - a- am no aci ds I“F(EN.\A@&Dto qi
the desired D-[err]-am no acids.. The renoval of carbano H-BHH S
process is achieved by a chem cal pr.ocess (e.g., the speC|f|cat|on of
Japanese Patent Publication No. 58-4707) or by a process ut|I|2|ng t he

enzymatic reaction of mcroorganisns (e.g., the
specifications of Japanese Patent Publlcatlon Nos. 57—18793,

63-20520, and 1-48758).

Problems to be solved by the invention

In a chemlcal process employed for the removal of
carbamoyl groups as described above, great amount of
mineral ac;d such as sulfuric acid is used, and therefore,
there will occur serious environmental problems regarding to
the disposal thereof and the. like.  On the other hand, a
process utilizing the enzymatic .reaction of microorganisms
has several drawbacks that microorganisms hitherto known as
a source of enzyme supply cannot produce a sufficient amount
of enzymes and that expensive hydantoin or N-carbamoylamino

acid'compounds are required for the production of.enzymes.-

Means for solving the problems

For tme putposé of solving such problems, the
objects of the present invention are to prepare micro-
organisms having high productivity of enzymes, as well as to
produce D-a~amino acids with high effioiemCY'by use of a
source of enzyme suppiy thus obtaimed.

A simiiar technigue is disclosed in Japamese Patent;
Laid-open Publication No. 63-24894. However, this technique
relates to the production of L-a—-amino acids,'and-there is
no experimental example describino the production of D-a-

amino acids.
/
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-2 - specifications of Japanese Patent Publication Nos.- 57-18793,
63-20520,, and 1-48758). Problens to be solved by the invention ln a

‘chemical process enployed for the renoval  of “car banoyl | éﬁiﬂ géghé
abovey a great anmount of mineral acid such as sul furicliati and

therefore, there will occur serious envi ronment al prob
di sposal thereof and the like. On the other hand, a process utilizing the
enzymatic reaction of mcroorganisns ¥ :

The present invention provideS'a-precess for the
'productioﬁ of D-a-amino acids, character;zed in that D-N-
.carbamoyl—u—amino acids are converted into the corresponding
D-a—amino acids in an agueous medium with the aid of an
action of an enzyme produced from a transforment which is
obtained by transformation ef host bacterial cells selected

from the microorganisms beionging to the genera Escherichia,

Pseudomonas, Flavobacterium, Bacillus, Serratia,

Corvnebacterium, and Brevibacterium, with a recombinant DNA

comprising a vector DNA.and_e DNA fragment containing a gene
which .is related to that enzyme capable of converting D-N-
carbamoyl-e—amino acids_by removal of their carbamoyl groups
into the corresponding D-s-amino acids, after which the D-o-
amino -acids produced are collected.

By the way, no example has hitherto been known that
a recombinant DNA comprising a vector and a gene which is
related to an enzyme capable of cdnvertiné D-N-carbamoyl-a-
amino acids by removal of their carbamoyi groups into the
.corresponding D-a- amlno acids is 1ncorporated into micro-
organisms to achleve the expression of the gene. Such a
technique was not succeeded until the present_inyention has
been completed

The enzymes capable of converting D-N-carbamoyl-a-
amine acids by removal of their carbamoyl groups into the
corresponding D-a-amino acids are,, in fact, not limited to
those which specifically act on the D-isomers or tﬁoee'which

///
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has several drawbacks that m croorganisns hitherto known as a source of
enzyne supply cannot produce a sufficient anount of enzynes and that
expen5|ve hydant oi n or N- car banoyl am no acfid~ conpoysge=are—reguiret=tar the
productlon of enzymes. Means for solving the probl :HEbSHEEprBEﬁﬁ&b of
sol ving such probi ens, the objects of the present i ;
m cro- organi sms having high productivity of enzy
D-[err]-amno acids with high efficiency by use of a source of enzyne )
supply thus obtained. A simlar technique is disclosed in Japanese Patent
‘Lai d-open Publication No. 63-24894. However, this technique

act on either D- or L-isomers. In particular, enzymes

ﬁaving a strict stereoselectivity to D~N-carbamoyl-e-amino
acids may be referred to as D-N-carbamoyl-a—-amino acid
amidohydrolasqé

Examples of the DNA fragment contalnlng a gene
which can be used in the present invention are those which
are derived from eucaryotes, prokaryotes, viruses, .
bacteriophages or-plasmids; and which coﬁtain a gene related
to a particular D-N-carbamoyl-c—amino acid”amidohydrolase.
As the gene derived from prokaryotes, preferred are those
which are ‘derived from bacteria belonging to the genhs, for

example, Pseudomonas, Agrobacterium, Aerobacter, Aeromonas,

Brevibacterium, Bacillus, Flavobacterium, Serratia,

Micrococcus, Arthrobacter, Alkaligenes, Achromobacter,

Moraxella, or Paracoccus, and which are related to D-N-

carbamoyl-e—amino-acid amidohydrolases. Specific examples

of such strains are as follows: Aerobacter cloacae IAM 1221,

Bacillus macroides ATCC 12905, Bacillus alvei IFO 3343,

Brev1bacter1um ammoniagenes IFO 12071, Flavobacterlum

flavescens IFO 3086, Sarcina lutea IFO 1099, Serratla

marcescens IFO 3054, Micrococcus luteus IFO 12708, Aeromonas

hydrophilia IFO 3820, Agrobacterium radiobacter KNK 712

(FERM BP-1900), Pseudomonas-sp. KNK 003A (FERM BP-3181),

Pseudpmonas Sp. KNK 505 (FERM BP-3182), Agrobacterium 1302

NRRL B11291, Alkaligenes aquamarinus AJ 11199, Achromobacter

liquefaciens AJ 11l98,'Moraxella nonligggféciens AJ 11221,
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rel ates to the production of L-a-ami.no acids, and there is no experinental
exanpl e describing the production of D-[err]- am no acids. The present
invention provides a process for the produ%tTon of D-[err] am no aC|ds

characterized in that D-N- carbanoyl-[err]-am no ac
the corresponding D-[err]-amno acids in an aqueous
an action of an enzyne produced froma transfor mant

transformati on of host bacterial cells selected -

Paracoccus denitrificans AJ 11222, Arthrobacter fragilus AJ
11223, and the like.
As the typical examples of the above bacteria, the

micological characteristics of Agrobacterium radiobacter KNK

712 (FERM BP-1900), Pseudomonas sp. KNK 003A (FERM BP-3181),

and Pseudomonas sp.'KNK 505 (FERM BP-3182) are described

below.

Agrobacterium radiobaeter KNK 712 (FERM BP-1900)
(a) Morphology o
(1) Cell size and shape: 0.5-1.0 x 2.0-4.0 pym, rods
(2) Cellular ﬁolymorphism: none |
.(3) Motility and flagellar arrangement: active, subpolar
(4) Sporulatién: none
(5) Gram—staining:-négative
(b) Cultural characteristics on various media
(1) Meat extract agar plate_culture:
satisfactory growth,-?ound, ridgy, smooth margin,
. smooth wet surface, white to cream-colored, glossy,
opaque, liguid form
(2) Méaﬁ-eztrac; agar slant culture:
excelleAt growth, even growth on the inoculation
line, thick ridge, smooth wet surface, smooth |
margin, white to cream-colored, glossy, opague, no
changé in the medium |

(3) Meat extract gelatin stab culture: :
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fromthe nicroorganiéns bel onging to the genera Escherichia, Pseudononas,

Fl avobact.eri um Bacil

with a reconbi nant DNA conprising a vect or 6DNA and a

contai'ning a gene whi
D-N- carbanoyl -[err]-

| us, Serratia, Corynebacterium and Brevibacterium

_DNA._f r agieatm—=———=
ch.is related to that enzyne ca#%%ﬁ 8 gMEETHNEBEEN L
ami no acids by renoval of theirlicar bagepLAGEBUps ilhto

the corresponding D-[err]-am no aci-ds, after which t aci ds
produced are collected. By the way, no “exanpl e has hitherto been knomm t hat
a reconbi nant DNA conprising a vector and a gene which is related to an
enzyne capabl e of converting D N-carbanoyl -a- am no-aci-ds by renoval of

their carbanoyl grOUp§eé6Eé)éfghth, gfowfh along the stab line, growth

(4)

(5)

around the stab line, no gelatin liquefactionj white
to cream-colored, né change in:transparency,'no
change in the medium |

Meat extract liquid culture:

medium érowth, uneven turbidiﬁy, flock formatioen, no'
surface growth |

Litmus milk: weak acid

(c) Physiological Characterdistics

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

Nitrate reduction: + -———“”””'gﬂﬂf”’ﬂf”

en Replaced

prwnven . | [

MR test: +

Vp test: -

Indole formation: -

Hydrogen sulfide fo;mation: -

Starch hydrolysis: -

Citrate utilization: - (Simmons medium)

Inorganic nitrogen source: + (nitrates, ammonium

salts)

(10)
(11)
(12)
(13)
(14)
(15)
(16)

Urease: -

Oxidase: +

Catala;e: + - o
Growth range: 20-37°C, pH 6.5-8.5
Attitude toward oxygen: aerobic
O-F test: O type

Formation of acid and gas from saccharide:



corresponding D-[err]-am no acids is incorporated into mcro- organisns to

achi eve t.he expression of the gene.
until the present invention has been conpleted. ‘T
convesting D-N-carbanoyl -a- amino acids by renoval| THiStSERT
groups into the corresponding D-[err]-am no acidsijare, REPEACED no
to those which specifically act on the D isoners o those which -

Such a techni que was not succeeded

bf

imted

Acid formation, -; Gas formation, - (D-glucose)

(17) Malonate utilization: -

(18)
(19)
- (20)
(21)
(22)
(23)

(24)

Deaminase reaction of phenylalanine: -

Decarboxylase reaction: - (lysine) .

Argihine dihydrolase reaction: -

Casein degradation: -
DNA degradation: -
Auxotrophy: none
Utilization of carbon
D-Glucose: + -
L-Arabinose: +
Saccharose: +
D-Fructose: +
Malonate; -
Cgllobiose£ +
Ethanol: -

D~-Xylose: +

D-Tartrate:
Sorbitol: +
Citrafe: -
Lactose: +

D-Mannitol: + .

‘Meso-inositol: + -

Raffinose: + -

L-Rhamnose: +

‘Maltose: +

compounds:

,//”’//;///;///f’/
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~act on either D or L-isonmers. In particular, enzymes having a strict

st ereosekectivity to D-N-carbanoyl -[err] - a§1no acids may._he referred to as
'D-N-carbanoyl -[err]-am no acid am dohydrol ses Exanpl gspfg sieT MR ég@g
contai ning a gene which can be used in the present in entI(ﬁEﬁLAt ghose

whi ch are derived from eucaryotes, prokaryotes, Virus&ss or
pl asm ds,” and which contain a gene related to a particul ar
D- N-car banoyl -[err]-am no acid am dohydrol ase. "As the gene derived from
prokaryotes, preferred are those which are derived from bacteria belonglng

to the genus, for exanple, Pseudononas, Agrobacteri.um Aerobacter,
Aer onpnas, : a—-Methyl-D-glucoside: +

T J

D-Mannose: +
Salicin: -
N-Acetylglucosamine: +
Gluconate: -
Caprate: -
Adipate: -
Phénylacetate: -
Methanol: - - ——_—ﬂ—_ﬂ___________;_
| | . (25) Egg york réactioh:_— _ Been Replaced
e T[]
. (27) Esculin hydrolysis: +-

(28) Cytochromeloxidase:l+-

(29) Tween degradation: — (Tween 80)

(30) 3-Ketolactose formation: -

Psegdomqné§ sp. KNK 003A (FERM BP-3181)

(a) Morbhblogy:
(1) Cell size and shape: 0.5-0.7 x 1.2~-2.5 uym, rods
(2) Cellular polymorphism: none
(3) Motility{ actiQe
(4) Sporulaéion: none -
(5) Gram-staining: negative
' (6) Colony shape: round, regular, entire, flat, smooth,
shiny, semi-translucent, buff

(b) Physiological Characteristics



Brevi bacterium Bacillus, Flavobacterium Serratia, M crococcus,
Art hrobacter, Al kaligenes, Achronobacter, Mraxella, Qt Paracoccus

which are related to D-N—.carbanoyl-[errT-aﬂTno-acid @ﬂgy
Specific exanples of such strains are as follows: Aefjo actgé%%i égE%Eﬁ%v

1221, Bacillus nacroi des ATCC 12905, Bacillus al vei
} BreV|bacter|un1annnn|agenes | FO 12071, Fl avobacterium fl avescens | FO 3086,
Sarcina lutea | FO 1099, Serratia marcescens | FO 3054, M crococcus | uteus

| FO 12708, Aerononas hydrophilia | FO 3820, Agrobacterium sp..KNK 712 ( FERM
BP-1900), Pseudononas_sp.  KNK 003A (FERM BP-3181), Pseudononas sp. KNK 505
(FERM BP-3182), Agrohadies iBym3s3®dH: +

(2) Aminopeptidase: +

(3) Oxidase: +

(4) Catalase: +

" {5) Cell growth
Anaefobic condition: -
37/40°C: +/+
pH 5.6: -
Mac—Coqkey agar: - .
SS agar: - -
Cetrimid agar: -

(6) Acid formation (O-F test)
Glucose aerobic condition: -
Glucose anaerobic condifion: -

(7) Gas formation from glucose: -

(8) Acid formation (ASS)

Glﬁcose: +

Fructose: - -

Xylose: + Sheet Has Been Replaced

oow i

(10) ADH: -

(11) oDC: - .

(12) VP: - -

(13) Indblé formation: =

(14) Nitrate reductién: -

(15) Denitrification: - .



NRRL 811291, Al kal i genes aquanari nus AJ-'11199, Achronpbacter i guef aci ens
AJ 11198, <« Moraxel |l a nonl i guefaciens AJ 11221, Par acoccus denitrificans

AJ 11222, Arthrobacter fragilus AJ 11223; bhd the |ike

As—the. tvpical

exanples of the above bacteria, the nicological charaft

FRBBHEET 194s B :
Agrobacterium sp. KNK 712 (FERM BP-1900), Pseudonpnas||sp. Ithpgg@@D .

BP- 3181), and Pseudonobnas sp. KNK 505 (FERM BP-3182) aF

(16) Phenylaladine deaminase: -
(17) Levan formation.from sucrose: -
(18) Lecithinase: -
(19) Urease: -
(20) Hydroiysis
Starch: -
Geratin: -
Casein: -
DNA: - -
Tween 80: - -
Esculin: -
(21) Tyrosine degradation: -
{22) Utilization of various coﬁpounds
Acetate: weak
Adipate: -

Caprate: -

1
Lo ACA-Acal

.

Citrate: - ‘\x\\\\\\\\;\\\\\\\‘
: : Thj

Citraconate: -~ 1S Shee

Lactate: +

e N

Levulinate: -
Malate; - -
Malonate: - | -
Mesaconate: - R
Phenylacgtate: -

Suberate: -



Agrobact erium sp. KNK 712 ( FERM BP-1900) (a) Morphol ogy (1) Cel
rods (2) Cellular Qplynnrphlsnl none (3)

shape: 0.6-1.0 x 2.0-4.0 [err]m
Motility and flagellar arrangenent:

(5) Gramstaining: negative (b) Cult
(1) Meat extract agar plate culture:
snooth margi n, snooth wet surface,
liquid form ' :

m-~Tartrate:

D-Tartrate:

L-Arabinose: +

Fructose: +

Glucose: +

Mannose: +

Maltose:

Xylose: +

. Saccharose:

Trehalose:

Ribose:

Saccharate:

Hydroxybutylate:

Benzoate:
Mannitol: +

Gluconate: +

2-Ketogluconate: +

N-Acethylglucosamine:

L-Serine:
L-Histidine:

L-Valine:

(23) Main respiratory quinone type:

Pseudomonas sp.

si ze and

activey) subpol SPOT B Fe=:none .
ur al character|>ﬂ?@éSHEEDHASdE§ di a.
satisfactory EPSARED ri dgyl,
white to crean}colored gl 655y, —opaque,

laced

_—
i

ubiquinone 10

KNK 505 (FERM BP-3182)

'(a) Morphology:

(1) Cell size and sﬁape:

0.5-0.7 x 1.2-2.5 uym, rods



(2) Meat extract agar slant culture: excellent grgpw pven giowt h on the

i nocul atiron line, thick ridge, snmooth wet surface R 9: Thite to
cream col ored, gl ossy, opaque, no change i1t the ng ' 7] Nlact
gelatin stab cul ture: -6- feeble growh, growt'tF=steng—the % ne,

grow h around the stab line, no gelatin |Iiquefaction, white

(2) Cellular polymorphism: none

(3) Mofility: active

-(4) Sporulation: none

(S) Gram~staining: ‘negative

(6) Colony shape: rouhd,.regulaf, entire, fiat, smooth,

shiny; semi-traﬁslucent, buff- - ;

(b) Physiological Characteristics

(1) Lysis by 3% KOH: + |

(2) Aminopeptidase: + -

(3) Oxidése: + .
(4) Catalase: +
(5) Céll growth

Anaerobic c¢ondition: -

37/40°C: +/+ ' \

G | [}

- Mac-Conkey agar:
SS agar: -
Cetrimid agar: -

(6) Acid formation fO—F test)'
Glucoseé aerobic condition: -
Glucose anaerobic condition: -

(7)) Gas forﬁation from glucose: -

(8) Acid formationi(ASSJ
Giucose; + .

Fructose: -

¥ylose: +



to creamcol ored, no change in transparency, no chan bn-the nedium (4)

Meat extract liquid culture: medium growthyzuneven t{impiglshier HAQ
formation, no surface growth (5) Litnmus mlk: weak gtid (ﬁtéﬂi a
Characteristics (1) Nitrate reduction: + (2) Denitri+ S -

tést: + (4) Vp test: - (5) Indole formation: -

{9) ONPG: -

(10) ADH: -

(11) oDpC: -

(12) vVP: -

(13) Indole formation: -

(14) Nitrate reduction: -

(15) ben;trification: -

_(16) Phen?lalanine deaminase:'—

(17) Levan formation from sucrose: -
(18) Lecithinase: - -
(19) ﬁrease: -
(20) Hydrolysis

Starch: -

Geratin: -

Casein: -

DNA: - : -
' cen Replaced

Tween 80: - This Sheet Has B
secutin: - AN
(21) Tyrosine degradation: -
" (22) Utilization of various compounds.
Acetate: weak
Adipaté: - -
Caprate: - .
Citrate: - -
Citraconate: -

Glycolate: -



(6) Hydrogen sulfide'forrratioh: - (7) St'ar_ch hydrolysis: - (8) Ctrate

utilizatien: - (Simmons nmedium (9) Inorganic nitrogen source:. + {nLLLates,
anmoni um salts) (10) Urease: - (11) CXigaséﬂ + (12) qahgbﬁﬁgTHﬁS( (x owt h
range:“20-37[err]C, pH 6.5-8.5 (14) Attitude towardjo ?E‘H) 5)

OF test: Otype (16) Formation of acid and gas fro : mr'

Lactate: +
Levulinate: -
Malate: ;

Malonate: -
Mesaconate: -
Phenylacetate: -
Suberate: -
m-Tartrate: -
D-Tartrate: - -
L-Arabinose: + -
Fructose: + °
Glucose: +
Mannose:.+

Maltose: -

Xylose: +
Saccharose: -
Trehalose: -
Ribose: .

Saccharate: -

\
Hydroxybutylate: - // hee’-‘HﬂsBeenRepIaced'
Behzoa‘te: - | II/I///III/////I/I//II/
Mannitél: + - |
Glucdnate: + -
2—Ketogluconate:
N—Aqéthngluposamine: -

L-Serine: -



Acid formation, -; Gas formation, - (D-glucose) (17) Malonate utilization:

- (18) Deam nase reaction of phenylalanLnﬁg-; (19)- ) TH on:
- (lysine) (20) Arginine dihydrol ase reaction: - (21) Qf TﬁgﬁﬁﬁﬁNi n: -
(22) DNA degradation: - (23) Auxotrophy: none (24) L | car lpon

conmpounds:

‘L-Histidine: -
L-Valine: -

(23) Main respiratory quinone type: ubiquinone 10

To obtain a gene from these strains, which is
related to an enzyme capable of conﬁerting D—N—éarbamoyl-u—
amino acids by removal.of their carbamoyl groups intq the
corresponding D-a-amino acids, usually, genetic DNA is
eitracted f;bm the chromosome of microorganisms according to
the conventional procedure,.after which a DNA fragmgnt
containing the desired.géne is obtained and subjected to an
analysis for its base seguence. Moreover, microorganisms
which produce én enzyme capable of converting D-N-carbamoyl-
a—-amino acids by removal of their carbamoyl groups into the
corresponding D-a-amino acids, as well as transformed
microorganisms into which this enzyme gene has been
incorporated, are cultivated, and the producéd enzyme is
pufified, after which the molecular weight of its proteih is
determined and thé amino acid sequence in the vicinity of
its amino terminus is determined by a gaé—phase protéin
sequehcer or the like. Then, this DNA base sequence is
compared with tﬁe amino terminal sequencé of the protein, so
tha; the initiation site for genetic translafion into a
.protein, of the base sequence portion encoding an enzyme
protein which is related to removal of carbamoyl groups is-

determined, and taking into consideration the relation to

This Sheet Has Been Rep
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D- d ucose:

Cel | obi os
Lact ose:

.

e
+

+ L- Arabi nose: + Saccharose: + D-Fructose: + Mlonate:: -

+ Et hanol: - D Xyl ose: + DT:ar{-sraEe: - “’Oﬁﬁ)llstscf—éETJrHA%éE@ﬁe' -_
- REPLACED

[

the molecular weight of_thelprotein,'it is confirmed that
the'enzyme protein is encoded in the gene portiom extending
from_this'site to the termination codon, thereby verifying
the desired gene (Moiecular Cloning, A Laboratory Manual,
2nd Ed., Cold Spring Haroor Laooratory Press, Chaps. 4 and
13). According to these procedures, DNA fragments of SEQ ID

Nos. 1 and 2 in the accompanying Sequence Listing were

obtained from the strains Agrobacterium radiobacter KNK 712

and Pseudomonas sp. KNK 003A. The thus-obtained gene

encoding the atove enzyme -and/or DNA fragment'containing
this gene are equivalent to DNA £ragmente having another
base sequence which encodee an amino acid seguence
corresponding to the above gene and/or DNA fragment because
one amino acid usually corresponds to a plurality of base
codons, and this fact is obvious. .

As the vector used in the present invention,
plasmids, phages, or derivatives theteof can be used, which
are derived from microorganisms and can be autonomously

grown in cells of a bacteria belonging to the genus

Escherichia, Pseudomonas, Flavobacterium, Bacillus,

Serratia, Croynebacterium, or Brev1bacter1um For example,

host-vector systems described in "Guidelines on Recombinant
DNA Experiments"” (Ed., the Life Science Section of the
Research Development Offlce in the Science and. Technology
Agency revised on September 16, 1987), page 55, can be

used. Moreover, vectors, which have been modified to have a

This Sheet Has Been Replaced




D-Mannitol: + Heso-inositol: + Raffinose:'+'L-Rhann : Qse;
a- Met hyl - D- i de: ; icin: -
y gl ucosi de: + D Mannose: + Sali cl|7n._ N- e'tmsgmgg@%
_ ‘ : REPLACED ,

strong sttuctural‘promoter'for the purpose of increasing the
emount of enzyme'te be produced, can also be used.

The preparation of a recombinant coﬁprising a
vector DNA and a gene- containing DNA fragment -can be
conducted by freely u51ng the known in vitro recomblnant DNA
technique. The in vitro DNA recombination is usually
conducted by cleavage and ligetion (ligase reactionx of a
vector DNA and a donor DNA containing the desired gene
(e.qg., see~the specifications of Japanese Patent Application.
No. 56-211908 and United States Patent No. 4,237,224). Many.
kinds of recombinant DNA, in addition.to the desired
recombinant DNA, are produced by ligase.reaction, and
therefore, for the purpose of selectively obtaining the

_desired recombinant DNA, microorganisms beionging to the

genus Escherichia, Pseudomonas, Flavobacterium, Bacillus,

Serratia, Croynebacterium, or Brevibacterium may be directly

transformed with a ligase reaction.mixture, and the
resulting transformants on which the inherited character
freﬁ the genetic information of the desired gene has.been
‘conferred may be seleetiQely separated, and the desired
recombinant DNA may be extracted and lsolated from their
cultured bacterlal cells. -

For example, the recombinant can also be obtained
without direct transformation of bacterial species belonging
to any one of the above genera; that ie, the deeired‘gene is

once cloned in a host vector system using other micro-
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organisms, such as Escherichia coli, after which recombinant

DNA with an appropriate vector is iﬁ vitro produced, and
‘then the above bacterial species are transformed, followed
by selective separation of transformants in the same manner
as described above.

The descfiptiqn of the following documents-can be
widely applied to.the production of recombinants: the
specificétion of United States Patent No. 4,237,224 to S.N.
Cohen, et al.; "Idenshi-sousa Jikken-hou (Experimental
Method of- Gene Manipulation}" [Ed., Yasuyuki Takagi, Kohdan-
sha Scientific (1986i]; Method in Eniymdogy, 68, Recombinant
DNA [Ed., Ray Mv, Academic Press (1979)]; the-specification
of Japanese Patent Application No. 56-211908, etc.

In the case of Escherichia coli transformed with

various kinds of recombinant DNA, a method for selecting,
from the transformed strains, particular'transforméd strains
which have the desired gene, i.e;,_the gene of a particular
D—N—carbaﬁoylfu—amino acid amiaohydrolase, and in which that
gene has been expréssed, is conducted as follows: colonies
of the transformed strains are first grown on the plate
éontaining a selection marker, such as ampicillin. Then,
various colonieé of thgse_transformed strains having the_
recombinant DNA ‘are collected and suspended in physiological
saliﬁe,,after which this suspension is inoculated bn the
minimum liguid medium containing a particular DQNfcarbamoyl—

a-amino acid as a sole nitrogen source. On this medium,
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only transformed strains capable of utilizing the ﬁ—N—
carbamoyl-a-amino acid, i.e., transformed strains on which
D-N-carbamoyl-c-amino acid amidohydrolase activity has been
now conferred, can be grown. The culture solution thus
obtained is inoculated on the above minimum medium, and such
én operétion'is repeated, resulting in an enrichment of the
desired transformed strains. from this enriched culture
solution, bacﬁerial cells are separated according to the
.conventional method, and the separated transformed strains
‘are cultivated to make a bacterial reaction with alD-N—'
carbamoyl-a—-amino acid as a substrate, whereby the
transformed strains containing the desired gene'caﬁ be -
obtained by confirming.the production of a D—a-amino acid.

From Ehe transformed strains thus obtained,
recombinant DNA is extracted according to the conventional
method, such as a method using alkali denaturation'(see
Moleculér Cloning A Labbratory Manﬁal, 2nd Ed;; cold Spring
Harbor Laboratory Press, Chap. 1);lthé structural gene of
the desired enzymé-in the DNA fragments containing the
cloned desired gene is subcloned and unnecessary DNA is
removéd; recombinant DNA modified-to have a strong promoter
is prepared in é'vector; the above host bacteria are
transformed therewith; and the resulting transformed strains
are used to increase the amount of the desired enzyme to be
produéed. |
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The introduced character of the recombinant DNA can
be expressed by cultivating the transformed strains on a
conventional nutrient medium. In cases where the character
Erom the gene DNA or vector DNA is conferred on the
recomBihant'DNA, any drug may be supplemented to the medium.
depending upon that character.

To take the transformed strains thus obtained, as a
source of enzyme supply, culture may be prepared with the
use of a conventlonal medium, and when necessary, it is also
possible. to. conduct a treatment for enzyme induction, such
as an addition of hydanﬁoiﬁ compounds,'D—N;carbamoyl—u-amino
acids, isopropyl-l-thio-g-D-galactosides (IPTG), or the
like, and a temperature increase.

Usua;iy, the medium used for cultivating the

transformed strains may be a conventional medium containing

carbon sources, nitrogen sources, and inorganic ions. If

organic tracenutrients,isuch as vitamines and amino acids,
are added thereto, satisfactory results may be obtained in
may cases. As the Carbdn sources, carbohydrates, such as
glucose and sucrose; organic acids, such as aeetic acid;
alcohois, and the ;ike, are conveniently used. As the
nitrogen sources, ammonia gas, ammonia water, ammonium
salts, and the like, are used. As the inorganic ions,

phosphate ion, magnesium ion, potassium ion, iron ion, and

"the like, may be used.
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If culture is prepared under aefobic c
1-10 days, while adjusting the pH and temperatu
appropriate range of 4-8 And 25-45°C, respectiv
possible to obtain desirable results.

ﬁxamples of the embodiments acting as
pfoduced by the tfansformed strains include -cul

solutions of the transformed strains, bacterial

onditions for
re to an

ely, it is

an enzyme
ture

cells,

treated bacterial cells, enzymes extracted from bacterial

cells, immobilized bacterial cells, and the lik
As.the bacterial cells, any of the cul
as it is after completion of cultivation, bacte
separated from the cultqfe solut;on;.washed bac
and the like, can be used. As the treéted baét
lyophilized bactefial cells, acetoﬁe-dried bact
bacterial cells brought into contact with tolue
detefgents, lysozyme;treated bacterial cells, b
cells exposed to ultrasonic waves, mechanically
bacterial cells, and the like, can be used, as
enzyme extracts having the enzyme activity to ¢
carbamoyl-c-amino acids obtained from these tre
bacterial cells, by removal of their carbamoyl
the correspondiﬁg D-a—amino-acids; these immobi
bacterial cells; insqlubilized treated bacteria

enzyme proteins fixed on a support for immobili

e.

ture solution
rial cells
teria; cellé,
erial cells,
erial cells,
ne or
acterial
ground
wellAas-
onvert D-N-
ated

groups into
lized

1l cells;

zation (e.g..,

anion exchange resin), and the like. For an immobilization

method, for example, it is possible to make ref

erence.to the
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specification of Japanese Patent.Laid—open Publication No.
63—185382l

As the support used for immobilization, suited are
phehol—formaldehyde anion exchange res;ns, such as Duolite
AS68 or DS17186 (Rohm & Haas.Co.: registered trede mark);
and various anion exchange resins containing various amines,
ammonium salts, or functional groups of the diethenolamine
type, for example, polystylene resins, such as Amberlite
IRA935, IRA945, IRA901 (Rohm & Haas Co.: registered trade

mark), Lewatit OCl1037 (Bayer-A.G.: registered trade mark),

‘and Diaion EX-05 (Mitsubishi Chemical Industries Ltd.:

registered trade mark). Other supports, such as DEAE-
eellulose, can also be used. |

Further, to obtain stronéer and more stable
adsofption of enzymes, usually, cross-linking agents are
used, the preferred examples the;eof being glutaraldehyde.
As the enzyme to be used, not only pdrified enzymes, but

also those with different degrees of purification, such as

partially purified enzymes, suspensions of disintegrated

bacterial cells, and cell-free extracts, can be used.
The preparation of immobilized enzymes can be

conducted by using an enzyme solution and the conventional

- method in which, for example, enzymes are adsorbed on a

support, followed by cross-linking treatment.
D-N-carbamoyl-a-amino acids, which are used as a

substrate of the enzymatic reaction of the present

mmﬂ
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invention, can be represented by the formula: R—-CH(NHCONH, ) -
cboﬁ, and as a practical embodiment, in cases where the
enzyme used has strict stereoselectivity to D—N¥carbamoyl~
a—amino acids, it can be used as the D-form or a mixture of
the D- and L-forms. Moreover; in caéeé where the stereo-
selectivity is not strict bécause enzymes also act on L-
carbamoyl amino acids, or where enzymes are used as an
enzyme mixture also acting on the L—form thereof, it is
preferred that only enzymes.of the D-form are used to
.produce a-amino acids.of the D-form.

| The substituent R can be selected in a wide rangef
as desc;ibed in the specifications of Japanese Patent
Publication Nos. 57-18793, 63-20520, and 1-48758; in
particular, to provide industrially usefﬁl compounds, such
as intermediates of drugs, it is.preferred that R is phenyl,
phenyl substituted with hydroxy, alkyl, substituted alkyl,
aralkyl, or thienYl. In the case of phenyl substituted with
hydraxy,'the number of ﬁydroxy is one or more, and they may
be attéched at any of o-, m-, and p-positions, with the
typical éxample thereof being p-hydroxyphenyl. The alkyl
group is such a group of 1-4 carbon atoms that the
correséonding aﬁino acid becomes D—alanine,'ﬁ~valine,
D-leucine, D-isoleucine, or—the like. The substituted alkyl
group is such an alkyl héving 1-4 carbon atoms substituted
with hydroxy, alkylthio, carboxyl, amino, phenyl, phenyl

substituted with hydroxy, amido, or the like, that the

-
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corresponding amino acid becomes D-eerine, Dlthreohihe,
D—methionine, D-cysteine, D-asparagine, Déglutamine,'
b—tyfosine, D-tryptophane, D-aspartic acid, D-glutamic acid,
D-histidine, D-lysine, D-arginine, D-citrulline, or the
like. The aralkyl group is sueh a group having 7-8 carbon
atoms, for example, benzyl or Qhenthyl, that the
cerresponding amino acid becomes D-phenylalanine or ;he
like. |

As the aqueous.medium, those containing Water,
buffers, or organic solvents, such as éthanol, can be
used. Further, when necessary, .nutrients required for the

growth of microorganisms, antioxidants, detergents,

'coenzymes, hydroxylamines, metals, or the like, can also be

added to the aqueous medium.

In cases where, while cultivating the'bacterial

‘cells of the above microorganisms in a water- soluble medium,

the bacterial cells are brought into contact with a

particular D-N-carbamoyl-a-amino acid, an aqueous medium
containing not only a D-N-u*amlno acid but also nutrients
required for the growth of microorgapisms, such as -carbon

sources, nitrogen sources, and inorganic ions, is used.

‘Further, if organic tracenutriénts, such as vitamines and

amino acids, are added thereto, satisfactory resulfe can be
obtained in many cases. As_the carbon sources, carbo-
hydrates, such as glucose and sucrose; organic acids, such
as'acetic acid; alcohols, and the like, are conveniently
-
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‘used. As the nitrogen sources, ammonia gas, ammonia water,

ammonium ealts, and the like, are used. As the inorganic
ions, phosphate ion, magnesium ion, potassium ion, iron ion,
and the like, may be used.

The cultivation.is conducted under aerobic

conditions, while adjusting the pH and ‘temperature to an

appropriate rahge of 4-8 and 25-45°C, respectively. If the

cultivation is conducted for 1-10 days, D-N-carbamoyl-a-
amino acids can be converted into only D—u—amino acids with
hlgh effrcrency. -

To the contrary, in cases where the culture.
solution of the above micrdorganisms is allowed as it is, to
reaot with cultivated bacterial cells, treated baoterial
ceils, enzyme extracts, immobilized bacterial cells,
insolubilized bactériel cells, or fixed enzyme proteins, in
an'aqueous medium containing a particular D-N-carbamoyl-
a-amino acid dissolved or suspended, the reaction mixture
may be allowed to stand for some time or stirred, while
maintaining at an appropriate temperature of 10-80°C and pH
of 4-9.5. Thus,.if 5-100 hours have run their course, the
corresponding D-a-amino ac1d is produced in large quantities
and enriched in the agueous- medrum Moreover,  the D-N- .
carbamoyl-a-amino acid may be added in separate portions

with the progress of reaction. The produced D-a-amino acid

-can be separated and purified'by a conventional separation

method. __’___,____;——-~*—'
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The D-e-amino acid thus obtained can be represented

by the formula: R-CHNH,COOH (R is as defined above).

Examples

The following will describe the embodiments of the
present invention. The D-ac—amino acid'produced was detected
and determined by high performance liquid chfomatography
(HPLC) or thin layer chromatography (TLC). |

Example 1 - - -

Preparation of recombinant DNA comprising

chromosomé DNA from Agrobacterium radiobacter KNK 712 (FERM
BP-1900) and vector DNA:-

Agrobacterium radiobacter KNK 712 (FERM BP-1900)

_was cultivated in 2 liters of L-broth (10 g of

pepﬁone/liter, 5 g of yeast extract/liter, 5 g of sodium
chloride/liter; pH 7.0) at 33°C for 27 hours, after which
cultures were harvested to give 20 g of bacterial cells.
From the bacterial cells obtained, chromosome DNA was
extracted according to the Marmur method. To 250 pg of this
chromosome DNA, 2 U of Sau3AI wére added, and allowed to
react at 37°C for 30 minutes, thereby causing partia;
QigeStion. Froﬁ'the partially digested DNA, 4-9 kbp DNA
fragments were obtained by égarose gel electrophoresis. On

the other hand, plasmid pUC_l18 was completely digested with

BamHI, and ligated with T4 DNA ligase to the above-obtained

DNA fragments from chromosome, resulting in a mixed solution
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of various recombihant plasmids.

Example 2

Selection of plasmid derived from Agrobacterium

radiobacter KNK 712 (FERM BP-1900) and containing gene

related to conversion of D-N-carbamoyl-o-amino acid into the
corresponding D-a-amino acid:-

Using the mixed plasmid solution of Example 1,

Escherichia coli JM 109 was transformed according to the
conventional method. This was inoculated on the medium of

Table 1, .containing ampicillin as a selection marker.

Table 1

Polypeptone | lg

Yeast extract. 0.5 g

Sodium chloride. -0.5g

Ampicillin 100 mé
 Ager | _ 15 g

‘Water was added to the volume of 1 liter (pH 7.0).

The grown colonies were collected and inoculated
into the liquid@ medium of Table 2, containing D-N-carbamoyl-

alanine as a sole nitrogen source, followed by cultivation.
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'(b) Physi ol ogi cal Characteristics (1) Lysis by 3% KOH + (2)
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Table 2

Na,HPO, : 6 g

KH,PO, | 3g

NaCl - 0.5 g

Mgso, 0.12 g

CaCl, 11 mé

Glucose - - . ' 2 g

Ampicillin : 50 mg

Thiamin’ | - 1 mg

D-N~Carbamoyl-alanine lg

Water was added to the volume of 1 liter (pH 7.0).

Only the transformed strains expressing the deéiréd
Qenelcan be grown on the medium of Table 2 by utiliiing-
D-N-carbamoyl-alanine as a nitrogen.source. The culture
solution in the medium of Table 2 was inoculated into the
same mediﬁm as used above, and this operation was repeated
for enrichment of the desi;eé transformed strains. From the
enriched cuiture solution, the tranéformed strains were
purely separated with the medium of Table 1. Theése ﬁurely
separated cells were inoculated into 10 ml of_L-broth (10 g
of peptoné/lite;, 5 é of yeast‘extréct/liter, S g of sodium
chloride/liter; bH 7.0) containing lOb'mg/liter of
ampicillin, and incubatea at 37°cC for.1§ hours,. after which
1 ml of the culture solution was harvested ana the
supernatant was removed therefrom, follerd by suspension of

. d
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the bacterial cells in 6.5 ml of substréte solution (0.5%
D—N—carbamoyl—parahydfoxyphenylglycine, 0.05% Triton X-100,
0.1. M phosphate buffer (hereinafter referred to as KPB); pH
7.0) and ailowing to react at 37°C for 3 hours. This
reaction mixture was spotted on TLC and developed, followed
by 'staining with ninhydrin, resulting in a spot of
D-parahydroxyphenylglycine which was in agreement with‘the
standard. From this fact, it was confirmed that the
transformed strains purely separated have a plasmid
containing a gene related.to the desired enzyme. The
plasmid contained in these strains was named pAHD 101.
Tﬁén, from the above transformed strains, pAHD 101
was prepared in large.quantities éccording to the alkali .
denatﬁration method, followed by mapping, whiéh reveled that

it had the structure shown in Fig. 1.

Escherichia coli JM 109 transformed with pAHD 101

was named Escherichia coli JM 109 PAHD 101.

Example 3

.Selection of plasmid derived from Pseuddﬁonas sp.
" KNK 003A (FERM BP-3181) And containing gene related to
conversion of D-N-carbamoyl-c—-amino acid into the
corresponding D;a—amino acid:-

. In the.same manner-as described in Example 1, a
mixed solution of various recombinant plasmids formed from

chromosome DNA fragments of Pseudomonas sp. KNK 003A (FERM

BP-3181) and plasmid pUCl8 was obta?ned; Using this mixed

ace.i
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solytion, Escherichia coli JM 109 was transformed according

to the conventional method. From these various transformed
strains, particular transformed strains having a plasmid
wﬁich contains a gene related to an enzyme capaEle of
converting D-N-carbamoyl-ea—-amino acids into the
correspondlng D-a-amino acids were obtained in the same
manner as descrlbed in Example 2, except that the liquid
~medium of-Table 2, containing 100 mg/llte; of IPTG, was used
~in place of the liquid medium of Table 2. The plasmid |
contained in these strains was named.pPHb 301.
Then, from the above transformed strains, pPHD 301

was prepared in lafge guantities, followeé by mapping, which

revealed that it had the structure shown in Fig. 2.

Escherichia coli JM 109 transformed with pPHD 301

was named Escherichia coli JM 109 pPHD 301.

Exemple 4

Subcloning of pAHD 101

The pAHD 101 obtained in Example 2 was completely
'dlgested w1th Smal and EcoRI, and a 2.7 kbp SmaI- EcoRI
fragment was obtained by agarose gel electrophoresis. On
the other hand, plasmid pUC 19 was completely digested .with
'§g§i and EEQRI,‘and ligated_with T4 DNA ligase to the Smal-

EcoRI fragment of. pAHD 101,_after which Escherichia coli JM

109 was transformed_wiﬁh this ligated plasmid and the
" transformed strains were cultivated on an L-medium (1%

peptbhe, 0.5% yeast extract, 0.5% sodium chloride, 1.5%
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agar; pH.7.0) containing isopropyl-l-thio-g~-D-galactoside
(IPTG), 5-chloro-4-bromo-3-indolyl-g-D-galactose (Xgal) and
ampicillin.

The plasmid corresponding to pUC 19 containing the
SmaI-EcoRI fragment of pAHD 101 formed white colonies
without exhibiting blue color, and therefore, these white
colonies were selected. To confirm that these selected
bacteria have the desired enzyme activity, they were

inoculated into 10 ml of L-broth (1% peptone, 0.5% yeast

. extract, 0.5%.sbdium chloride) containing 100 mg/liter of

ampicillin after cultivation of which 1 ml of the culture
solution was-ﬁarvested and the supernatant was removed
therefrom, and the bacterial cells were suspehded in 0.5 ml
of substrate soiution (0.5% D—N—carbémoyl;paréhydroxy—

phenylglycine, 0.05% Triton X-100, 0.1 M phosphaté buffer;

.pH 7.0), followed by reaction at 37°C for 3 hours. This

reaction mixture was spotted on TLC and developed, followed
by staining with ninhydrin, resulting in a spot of_
D-parahydroxyphenylglycine which was in agreement with the

standard. The plasmid contained in these transformed

strains was named pAD 107.

Then, the plasmid pAD 107 was prepared and
partially hydrolyzed with Sall, followed by agarose gel
electrophoresis to give a 4.5 kbp fragment containing the

pUC 19 portion. This fragment was circularized with T4 DNA

ligase, and this plasmid was used to transform Escherichia

-
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coli JM 109. The trésférmed strains were obtained from'the
L-medium containing.ampicillin and bacterial reaction was
conducped.in the same manner as described abobe, theréby
obtaihing transformed strains having the ability to convert
D—N—carbamoyl?parahyd;oxyphenylglycine into.Dfparahydroxy—

phenylglycine. The plasmid contained in these transforméd.

strains was named pAD 108. The pAD 108 was prepared form

the above transfprmed_strains; followed by mapping, which

revealed that it had the structure shown in Fig. 3.

Escherichia coli JM 109 transformed with pAD 108

' was named Escherichia coli JM 109 pAD 108. The accession

number given from the Fermentation Research Institute was

FERM BP-3184.
Example 5
.Subcloning of pPHD 301
The pPHD 301 obtained in Example 3.was complefely

digested with AccI, and a 5.2 kbp fragment contéining the

pUC 18 portion was obtained by agarose gel electro-

phoresis. This fragment was circularized with T4 DNA

ligase, and this plasmid was used to transform Escherichia

-coli JM 109. The trasformed strains were obtained from an

L-medium containing ampicillin and bacterial reaction was
conducted in the same manner as described in Example 4,
thereby obtaining transformed.strainsvhaving the ability to
convert D—N—carbémoyl—parahydrbxyphenylglyciﬁe-into
D-parahydroxy-phenylglycine. The blésmid contained in these
: . : R
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transformed strains was named pPD 302.

Then, the plasmid pPD'302 was prepared and
completeiy digested with SphI and éggl( after which a
1.8 kbp'§EEI-§E£I fragment was obtained by agarose gel
electrophoresis. On the other hand, plasmid pUC 19 was
completely digested with SphI and éSEI' and ligated with T4
DNA ligase to the SphI-AccI fragment of pPD 302, affef which

Escherichia coli JM 109 was transformed with this ligated

plasmid. The trasformed strains were obtained from an
L-medium containing ampicillin, and bacterial reaction was
conducted in .the same manner as described in .Example 4,
thereby obtaining transformed strains having the ability to
convert D-N—cafbamoyl—parahydroxyphénylglycine into D-

" parahydroxyphenylglycine. Tﬁe plasmid contained in these
transformed strains was named pPD'304. ~The plasmid pPD 304
was pfepared from the above transformed strains, followed.by
mapping, wh%ch revealed that it had the structufe shown in
Fig. 4.

Escherichia coli JM 109 transformed with pPD 304

was namea.Escherichia coli JM 109 pPD 304. - The accession
number given from the Fermentation Research Institute was
" FERM BP-3183. - _
Example 6 o -
Conversion of D-N-carbamoyl-a-amino acid into |
D-e-amino acid with enzyme obtained from transformed

strains:- ' /’;,,/’ﬂ’,;,p—f—ﬂ“”
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Using the plasmid pAD 108 obtained in Example 4,

Escherichié cqli JM 109 was transformed. This strain was
cultivated in L-broth containiﬁg 100 ug/ml of ampicillin and
100 wg/ml of IPTG at 37°C for 16 hours. From 100 ml of this
culture solution, bacterial cells were harvested and then
suspended in 0.1 M KPB (pH 7.0) to the volume of 10 ml.

Tﬁis was subjected to ultrasonication while cooling with‘
ice, folioWed by centrifugation to give the supernatant as a
crude enzyme.solution. Using this crude enzyme solution,
reaction was conduéted with_various.kinds of D-N-carbamoyl-
c-amino acid shown in Table. 3 as a substrate: To 2 ml.of 40
mM D—N—carbamoyl—a—amino acid (Tablé 3) and 0.2 M_KPB (bH
7.05, 100 ul of the above crude enzyme so;ution were added,
thereby allowing to react at 40°C for 20 minutes, and the
amount of D-a-~amino acid produced was determined. The
results are shown in Table 3. Moreover, there was a 10-fold

improvement in the specific activity of a D—N—carbamoyl-u4

zaminb acid amidohydrolase obtained from JM 109 pAD 108 at

this time as compared with a crude enzyme solution from

Agrobacterium radiobacter KNK 712 (FERM BP-1900).

Example 7

Converéion of D-N-carbamoyl-e-amino acid into
D-a~-amino écid with enzyme obtained from transformed
strains:-— - -

Using the plasmid pPD 304 obtained in Example 5,

‘Escherichia coli JM 109 was transformed. From this strain,

'rhl.: Sh cet H.
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L-Val i ne: - (23) Main respiratory quinone type: ubiquinone 10 To obtain a
gene fromthese strains, which is related t%ban enzynme capable of

converting D-N-carbanoyl -[err]--am no acids
groups into the corresponding D-[err]-am no acids,
~extracted fromthe chronosone of microorgani sns accg
procedure, after which a DNA fragnment Comnte
gene is obtained and subjected to an analysis for its base sequence

conventi onal

y reno of—t-he ar banoyl|

Mor eover, mi.croorgani sns which produce an enzyne capabl e of converting

D- N-car barmyl
the - '

[err]-amino acids by removal of their carbanmoyl groups into.
a crude enzyme solution was obtained in the same manner as

described in Example 6. Using this crude enéyme solution,
reaction was conducted in the same manner.as described in
Example 6;, The results are shown in Table 3. There was a
40-fold improvement in .the specific activity -of a D-N-

carbamoyl-e-amino acid amidohydrolase obtained from JM 109

pPPD 304 at-this time as compared with a crude enzyme

.solution from Pseudomonas sp.'KNK 003A (FERM BP-3181).

Example 8 -

Conversion of D—N—carbamo?l—parahydroxyphenyl—
glycine into D—parahydroxyphenylglyc;ne with enzyme obtained
from transformed stralns--

Using the plasmid pAD 108 obtained in Example 4,

Escherichia coli JM log_wés transformed. This sfrain was

cultivated in the same manner as desc¢ribed in Example 6.
From 100 ml of the culture solution, bacterial cells were
harvested,-apd washed with 0.1 M KPB (pH 7.0),.after which
they were suspended in 100 ml of 5% D—Nfcarbaﬁoyl—para—
hydroxyphenylglycine, 0.05% Triton X—lOO, and 0.1 M KPB (pH
7;0), followed by stirring at 40°C for 20 hours to cause
reaction. The reaction mixture thus obﬁained was subjected
to centrifuga;ien at 6000 fém for 10 minutes to remove the

bacterial cells, and pH was-decreased to 2.7 by addition of

" concentrated hydrochloric acid, followed by adsorption on

the cation exchange resin IR-120B (H' type) and elution with
5% NH,OH. Then, the eluates were desalinized with IRC-84

//;//
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~corresponding D-[err]-amno acids,- as well as transfornmed m croorgani sns
i nto whicch this enzyne gene has been inCOﬁﬁgrated, are cultivated, and the
produced enzyne is purified, after which t4f ol ec g ééﬁﬁ
protein is determ ned and the am no aci d sequence i11?ﬁ%sv'§f&§§y-o ihs
amno termnus is determ ned by a gas-phase proteinyjsequ —the—Pi ke.
Then, this DNA base sequence is conpared with the amno ternnal sequence
-of the protein., so that the initiation site for genetic translation into a
protein, of the base sequence portion encoding an enzyne protein which is
related to renoval of carbanpbyl groups is determ ned, and taking into
consi derati onH*hecyd ptamd detolorized with an AF resin. The decolorized

'solution‘was concentrated to allow crystallization) and the
-deposited crystals'wére recrystallized.from water to give
I3.8'g of white powder.. These crystals exhibited the
specific r.otation'[a]D20 = -158 (C = 1, 1 N HC1l), and gave a
single spot on TLC, anq the IR spectrum thereof was in.
agreement with that of the D-parahydroxyphenylg;ycihe
standard. | . |

Example 9 -

P;eparation.df fixed D-N-carbamoyl-a—amino acid
amidohydrolase: - |

After.zéd_ml of the.culture solution obtained, in
the same manner as descfibed in Ekample 6, from the strains

of Escherichia coli JM 109 transformed with pAD 108 was

harvested, théy were washed-withio.l M KPB (pH 770), and
suspended in 20 ml of 0.1 M KPB (pH 7.0), followed by
ultrasonication of the bacterial cells. This suspension of
disiﬁteg;ated bacterial cells was subjected.to
centrifﬁgation at 12000 rpm for 20 minutes. to give tﬁe.
supernatant as a crude enzyme sﬁlution; To this crude
enzyme solution, 2 g of anion exchange resin Duolite A-568
équi;ibrated wiéh_O.l M KPB_ (pH 7.0) were added, aﬁd stirred
at 4°C for 15 hours to méke-the enzyme adsorbed thereon. To
this solution; glutaraldehyde was addea to have a final
cbncéntration of 0.1%, and stirred for 1 hour, followed by

cross-linking treatment, after which the resin was collected




- 16 - the nol ecul ar weight of the protein, it is confirned that the enzynme

protein is encoded in the gene portion extendin omthis site to the -
term nation codon, thereby verifying the d&siTed Far—goni ng, A
Laborsat ory Manual, 2nd Ed., Cold Spring Harbor SF , aps. 4
and 13). Accordlng to these procedures, DNA fraghes Nog. 1 and

2 in the acconpanyi ng Sequence Listing were obtained fromthe strains
.Agrobacterlun1sp KNK 712 :

by filtration and washed with 0.1 M KPB, resulting in 2 g of
fixed D-N-carbamoyl-e—amino acid amidohydrolase.

Exémplé 10

Conversion of D—N—cérbamoyl—parahydroxyphenyl-
glycine into D-parahydroxyphenylglycine Qith immobilized
enzyme: - '

Two grams of immobilized D-N-carbamoyl-c-amino acid
amidohydrolase obtained in Example 9 were added to 100 ml of
2%.D—N-carbamoyl—parahydroxyphenylglycine aﬁd 0.1 M KPB (pH

'-7.0); and stirred at 40°C for 20 hours, while maintaining
the pH at 7.0 by addition of 1 N HC1, theréby causing
reaction. Affer the reaction, the mixture was allowed to.
stand, and the reaction mixture was collected by suction,
after which the produced.amino acid was purified in the éame‘
manner as described in Example:B to give 1.5 g of D-

parahydroxyphenylglycine.
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and Pseudonmonas sp. KNK 003A. The thus-obtained gene encodi ng the above
enzyme amd/ or DNA fragment containing this gene are equival ent to DNA
fragments having another base sequence ygich enc.:;~_:4_jyﬂlzljaﬂ¢j sequence
correspondi ng to the above gene and/ or DNA frag QLIS E a0 aci d
usual ly corresponds to a plurality of base codong ' 2
obvious. As the vector used in the present inventg ges, or-
derivatives thereof can be used, which are derived from m croorgantsnms and
can be aut ononousl!y grown in cells of a bacteria bel ongi ng to -t he genus
Escheri chi a, PseudonDnas Fl avobacterium Bacill us,
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Serrati a, C)oynebacteriunl or Brevibacterium For exanple, host-vector
systens described in "Quidelines on Reconbi nant. DNA Experinments” (Ed., the
Life Science Section of the Research Devel 88ment Office in the SC|ence and

Techmol ogy Agency: revised on Septenber 16, 1987), pa
Mor eover, vectors, which have been nodified to have a
pronoter for the purpose of increasing the amourRERKAGED yne t

~can al so ‘be used.

-struCturaI

be produced,

THEiSHEETFﬁ#?IEEN
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Example 11
Analysis of DNA base sequence for the gene of

enzyme derived from Agrobacterium radiobacter KNK 712 (FERM

BP-1900) and capable_of ccherting'D—N—carbamcyl—u—amino
acid into the corresponding D—u—amino acid:-

The plasmld pAD 108 contalnlng the gene of a D-N-
carbamoyl—a—amlno acid amldohydrolase (hereinafter referred

to as amidohydrolase) derived from Agrobacterium radiobacter

KNK 712 (FERM BP-1900) was digested with restriction
endonucleaaes EEQRI and-gingII (manufactured by Takara
Shuzo Co., Ltd.), andla_l.8.kb DNA fragment was separated
for preparation by agarose gel electrophoresis. This
fragment was digested with various restriction |
endonucleases, and ligated with T4-DNA ligase (manufactured

by Takara Shuzo Co., Ltd.) to M13mpl8 or M13mpl9, after

which Escherichia coli JM 109 was infected therewith,

resulting in the formation of a plaque. This single plaque
was inoculated into 1.5 ml of 2¥YT medlum (16 g/l of
bactotrypton (leco Co. ), 10 g/l of yeast extract (leco

Co )» and S g/1 of NaCl) into whlch 1% JM 109 had been
inoculated, and subjected to shaking culture at 37°C for 5
hours. After centrifugation, 200 ul of 20% polyethylene—
glycol 6000 and 25 M NaCl solution were added to the ‘
supernatant, and allowed to_stahd at room.temperature for 15
minutes, after which phage-particles were recovered'as a

precipitate by centrifugation. This was dissolved in 100 ul

Sheet Has Been Replaced
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The preparation of a reconbinant conprising a vector DNA and a
gene-contai ning DNA fragnent can be conducted by freelpgus]
vitro reconbi nant DNA technique. The in i t40-DNA rec
condutct ed by cleavage and ligation (ligase reaction)
donor DNA containing -the desired gene (e.g., see the Spee =Cal{ ORE of
Japanese Patent Application No. 56-211908 and United .States Patent N
4,237,224). . Many kinds of reconbinant. DNA, in addition to the desi r ed
reconbinant DNA, are produced by |igase reaction, and therefore, for the
purpose of selectively obtaining the desired reconblnant DINA,

M croor gani sy eh@poRG NG ilb? (N9 mM Tris HC1 (pH 8.0), 1 mM EDTA],. and

extracted with 50 'ul of phenol (saturated with TE solution),
after which 10 ul of-3_M sodium acétate solution énd-ZSO ul
of ethanol were added and allowed to stand overnight at
~20°C, followed by centrifugation. After drying, the
precipitate was dissolved in 50 rl of TE solution. Then,
7 ul-of.this solution was used forlreactioh, electro-
phoreésis, and autoradiography with the aid of a DNA Sequence
.kit (manufactured by UnLtedEStates Biochemical Corp;) using
SEQUENASE (registered trade:hark) ver. 2, according to its
instrqction manual. From the results obtained, the DNA base
sequence of amidohydroiase geﬁe for the strain KNK 712 was
aetermined as -shown by SEQ ID No. 1 in tﬁe'accompanying
Sequence ﬁisting. |

Example 12

Analysis of DNA base sequence fof the gene of

énzyme derived from Pseudomonas sp. KNK 003A (FERM BP—3181)

and capable of converting D—N—carbamgyl—a—amino acid into
" the corrésponding D-a—-amino acid: | |

| The plasmid pPD 304 containing amldohydrolase gene.
~derived from the strain KNK 003A was digested with
restriction endonucleases BamHI and HindIII (manufactured by
Takara Shuzo Co., Ltd.), and a 1.8 kb DNA fragment was
separated for preparation by agarose gel.electrophoresis.
This fragment was digested with various restriction

endonucleases, and ligated .with T4-DNA ligase (Takara Shuzo

This Sheet Has Been Replaced




genus Escherichi a, Pseudononas, Flavobacterium Bacillus, Serratia,
Croynebaeterium or Brevibacteriummy be directly trgast Wwth a
| i gase reaction m xture, and the resultrhéltfansfornaLrﬁﬂg@H@@ﬂﬁm§§E ‘
i nherited character fromthe genetic infornration of the desEMCh ﬂ%
been conferred may be selectively separated, and the
DNA may be extracted and isolated fromtheir cultured bacterial cells. ~For
exanpl e, the reconbi nant can al so be obtained without direct transformation
of bacterial species belonging to any one of t he above genera; that is, the
de5|red gene is once cloned in a host vector system using other mcro-

Co., Ltd.) to M13mpl8 or M13mpl9, after which Escherlchla

coli JM 109_was infected therewith, resulting in the
formation of a plaque. This single plaque was. inoculated
into 1.5 ml of 2YT medium (16 g/1 bactotrthon:(Difco Co.),
10 g/1 yeast extract (Difco Co.), and 5 g/1 NaCl) into which
1% JM 109 had been inoculated, and subjected to shaking
culture at 37°C for 5 hours.  After centrifugation, 200 ul
of 20% polyethyleneglycol 6000 and 25 M NaCl solution_were
added to the supernatant, apd allowed to stand at room
temperature for iS minﬁtes,qafter which phage particles were
recovered as a precipitate by centrifugation. This was
dissolved in 100 pl of TE solution [10 mM Tris HCl (pH 8.0),
1 mM EDTA], and extracted.with 50 ul of phéﬁél {saturated
with TE solution), after which ‘10 ul of 3M sodium acetate
solution and 250 yl of ethanol were added thereto, énd
allowed to stand overnight at -20°C, féllowed by
centrifugéﬁidn. After drying, the precipitate was dissolved
. in 50 ul of TE solution. Thed, 7 vl of this solution was
used for reaction; electrophoresis, and autoradiography with
the aid of.a DNA sequence kit (manufactured by ﬁnited States
Biochémical'Corp.) using SEQUENASE (registered trade mark)
ver. 2, accordiﬁg_to its instruction manﬁual. From the
results obtained, the DNA~base séquence of amidohydroiase‘
gene derived from the Strain KNK '003A was determined as
shown by.SEQ ID No. 2 in the accompanying Sequence Listing.
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- 18 - organisnms, -such as Escherichia coli, after which reconbi nant DNA
with an appropriate vector is in vitro progyced and then the above
bacterial species are transformed, followed by sel ective separation of

transfornmants in the same manner as described above criptiaon of the

fol | owi ng docunents can be widely applied to the prpduasispeEeei B

reconbi nants: the specification of United States Pajjent pgkég% ?3& FO

S. N ' :
Example 13

Purification of D-N-carbamoyl-a-amidohydrolase

derived from ég;obacterium radiobacter KNK 712 (FERM BP-

1900): -

Agrobacterium radiobacter KNK 712 (FERM BP-1900)

was cultivated in the medium of Table 4 at 33°C for 25

hours.

Table 4 . -
Glycerin - .- .25 g
Sucrose o . o | 5 g
KH,PO, 549
Na,HPO, R | 5 g
MgS0, . 7H,0 o 1g
MnCl,.4H,0 10 mg
Yeast extraét ' 4 g
Urea ' | 2 g
D—N;carbamoyl—P—
hydroxyphenylglyéine . 1g

Water was added to the volume of 1 liter (pH 6.5).

Twenty-one_litérs of this culture solution were
harvested and the bacterial_cells wére ultrasonicéted;
After removal of the residue by centrifugation, nucleic
acids were removed by protamlne sulfate treatment (0.1 mg/mg

of protein). The centrifuged supernatant was subjected to

i \i\i\\\\\\\\\\\\\\\\\\\



Cohen, et al.; "ldenshi-sousa Jikken-hou (Experinental Method of Gene
Mani pul ation)" [Ed., Yasuyuki Takagi, Kobdgg- sha Scientific (1980)];
Met hod in Enzyndogy, 68, Reconbi nant DNA [ Ray M/, Acadenlc Press
(1979)]; the specification of Japanese Patent Applic 3,
etc. In the case-of Escherichia coli transforned wi tjh Tas SBIEET KHASIBERN
reconbi nant DNA, a nethod for selecting, fromthe trgansforRERLAGEDI ns,
particul ar transformed strains which have the desire
of a particular D-N-carbanoyl-[err]-anino acid anldohydrolase and i n which
-that gene has been expressed, is conducted as follows: colonies of the
transfornmed sheaktnsraaeméntsatgb0na 6ort B6 piatuees, and after removal of

the. precipitate, protéin was precipitated by addition of
~ammonium sulfate, and a protein fraction having activity and

being précipitated Qith 15% to 35% satufated ammonium
sulfate was recovered. - This fraction was dissolved and
subjected to HPLC using DEAE-5pw column (manufacthred by
Toso Co., Ltd.), followed by elution with a'cdncentration
gradient of NaCl and recovered active fractions. At this
stage, in comparison with a_ suspension of disintegrated
bacterial cells, there was about 20-fold increase in the
specific activity of amidohydrolase. When this f:action was
analyzed by SDS—poiyacrylamide gel electrophoresis; this
amidphydrolasé migrated near to the position éorrespondihg'
to the molecular weight of about 35,000.

Exampie 14

Determination of amino acid seguence around protein
amino terminus of D-N-carbamoyl-c-amino acid amidohydrolase

derived from Agrobacterium radiobacter KNK 712 (FERM BP-

1900):-
A purified amidohydrolase preparation produced by

Agrobacterium radiQBacter KNK 712 (FERM BP-1900) obtained in

Example 13 was Ehatged in a_reverse-phase HPLC column (AP-
303; manufactured by YMC Co,); and eluted with a
concentrétion gradient of acetonitrile. This fraétidn
containing the amidohydrolase was charged for analysis in a
gas—-phase protein sequencer (manufactufed by Applied

-
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‘containing a selection marker, such as ampicillin. Then, various colonies .
of these«transforned- strains having the .reconbi nant : EY
suspended i n physi ol ogical saline, after ~widchr this su pﬁmsBMEERHASBE'
i nocul ated on the mininum liquid nedi um containing a pirti cuREBPLACED _
D-N-carbanoyl - [err]-amno acid as a sole nitrogen-sou . S- nedl um
- 19 - only transforned strains capable of utilizing.the D- N '
carbanoyl -[err]-ammno-acid, i.e., transfornmed strains on which

Biosystems Co., Ltd.), and it was found that the

amidohydrolase is a protein having a sequence in the amino

terminus portion, whi;h_cdnsists.ofilst to 20th amino acidé

of SEQ ID No. 1 in the accompanying Sequence Listing.
Examplé 15

Purification of D-N-carbamoyl-ac-amino acid .

amidéhydrolase derived from Pseudomonas sp. KNK 003A (FERM
 BP-3181):- |

'Pseudomonas sp. KNK 003A (FERM BP—3;81) was

cultivated. in the medium of.Table 5 at 45°C for 3 days.

Table 5

Glycerin ' 10 g
Glucose | ' 59
KH,PO, - 3.5 g
Na,HPO, _ _ - 3.5 g
Mg50, . 7H,0 0.5 g
MnCl,.4H,0 . - 20 mg
FesoO, : 10 mg
CaCO4 - lg
Meat extract .2 g
Yéast extract- 2 g
Polypeptoné - _ ' 2 g
D—N—carbamoylalahine lg

-'Water was added to the-&olume of 1 liter (pH 7.0).

s
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D-N-car banmoyl -[err]-anino acid ani dohydrol ase activity has'been_now
conferred, can be grown. The culture solution thus obtained is inoculated
on the above m ni mum nedi um and such an'oﬁération | s—tepeated, resylting

in an enrichment of the desired transformed strains. \Frg g0ks: BREFERRA]
cul ture solution, bacterial cells are separated accor ing RepLABED
conventional nethod, and the separated transforned st Ed

to make a bacterial reaction with a DN carbanoyl -[err]-am no acid as a
substrate, whereby the transfornmed strains containing the desired gene can
be obtained by confirmng the production of a D-[err]-am no acid. Fromthe
transformed strains thU@e&h@abﬂlelters of this culture solution were

| P

harvested, and in the sanie manner as described in Example
.13, the following operations were conducted: ultraaonicatioh
of the bacterial cells; removal of nucleic acide by
protamine sulfate treatment; heat treatment (65°C, 20 min);
fractionation by ammonium sulfate precipitation.(separation
of protein fractions having amidohydrolaee activity and
beinglprecipitated with 50% to 70% saturated ammonium
sulfate); and HPLC using DEAE-5pw column. These active
fractions.was.allowed to adsorb in a Biogel-HT (Bio-Rad

_ Laboratories Co., Ltd.) column, and eluted with a
concentration gradient of ammoaium sulfate, after which the
active fractiqns were concentrated and subjected to.gel
filtration using a Sephacryl S-300 (Pharmacia LKB
Biotechnology Co., Ltd.) eolume.

Then, when isoelectric focusing (pH 4 to 6.5) was
~conducted, tﬁe aone'amidohydrolaee migrated near to the
‘position at pH 5.7, and the gel of this band portien having
activity was cut out, from which protein was extracted. At
this stage, in comparison with a suspension_ef the
disintegrated bacterial cells, there Qas about lOO-fpld
increase in the.specific activity of amidohydrolase. When
this sample was analyzed by_SDS-polyacrylamide gel
electrophoresis, amidohydrqlase migrated near to the
position corresponding to the molecular weight of . about
38,000. Moreover, when this sample Qae-subjected to gel

-
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recombi nant DNA i s extracted according to the conventional nethod, such as
a met hod*usi ng al kali denaturation (see Nb% cul ar CIO“‘"r—h—-n";_- 0
Manual , 2nd ‘Ed., Col d-Spring Harbor Laboratdry Press, Gﬁﬂ%SHEETPﬂ*ﬁBEEN
structural gene of the desired enzyne in the DNA frag ntsﬂﬁmnmam ng t
cl oned desired gene is subcloned and unnecessary DNA TS TE
reconbi nant DNA nodified to have a strong pronoter is prepared |n a vector
t he above host bacteria are transformed therewith; and the resulting
transforned strains are used to increase the amount of the desired enzyne

to be produced.
flltratlon using a Sephacryl S$-200 column, it was eluted at

the p051t10n corresponding to_the molecular weight of about
67,000. |
Example 16
Determination of amino acid sequence afound protein
. amino terminus of D-N-carbamoyl-e-amino acid amidohydrolase

derived from Pseudomonas sp. KNK 003A (FERM BP-3181):-

A purified amidohydrolase preparation from .

Pseudomonas sp. KNK 003A (FERM BP-3181) obtained in Example

15 was charged in a reverse:phase HPLC column, and eluted
with e concentration gradient of acetonitrile. This
fraction containing the amiaohydrolase was-charged for
analysis in a gas-phase protein sequencer, and it was found
that the amidohydrolase is a proeein having a sequence in
the emino terminus portion; which consists of lsﬁ'to 20th
amino acids of SEQ ID No. 2.iﬂ the.accompanying Sequence
Lieting.

Example 17

Purification of D-N-carbamoyl-ec=-amino acid

amidohydrolase produced by transformed Escherichia coli:-

Escherichia coli JM 109.pAD 108 obtained in Example

4 and Eseherichia coli JM 109.pPD 304 oEtained in Example 5
were cultivated by the method as described in Example 6.
The bacterial cells.were collected from each culture
SOIutioh by centrifugation; and ultrasonicatedk After
removal of tHe residue, these crude enzyme solutions were
,~—’~*-_"’______,_~.
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- 20 - The introduced character of the reconbi nant DNA can be exp(rjessedI by
cultivatjng the transforned strains on a vent i onf=sytrient nmedium In
cases where the character fromthe gene DN&Por vect N, | SEoT

t he recombi nant DNA, any drug may:-be suppl enent ed gti ng
upon that character. To take the transfornmed strai NS tHu hf'@ERed, af
source of enzyne supply, culture may be prepared with the use of==a
conventional nedium and when necessary, it is also

analyzéd by SDS-polyactylamide elecérophoresis.' With

respect to a suspension of the cultivated and disintegrated

- bacterial cells of-Escherichia coli JM 109.pAD 108, the
amidohydrolase miqfated to the position corresponding to the
molecular weight of about 35,000, and an analysis by'
densitometer after staining revealed that the amidohydrolase
amounted to about 50% of the whole soluble proteins of the
bacterial cells. Moreover, with respect to a suspension of
the Eultivated and disintegrated bacterial cells of

Escherichia coli JM 109.pPD-304, the amidohydrolase migrated

to the poéition corresponding to the.molecular weight of
about 38,000, and.an analysis by densitometer after staininé
revealed that the amidohydrolase amounted to about 15% of
the whole soluble proteins of the bacterial cells.

Example 18

Determination'of protein amino terminal sequence of

D—N-carbamoyl—q—amino acid amidohydrolése produced by

transformed Escherichia coli:-

A suspension of the cultivated and disintegratéd

bacterial cells of Escherichia coli JM 109.pAD 108 obtained
in Example 17 was subjeéted to heat treatment at 50°C for 30
minﬁtes, and aféer removal of the precipitate by
centrifugation, ammonium sulfate was added to give 30% -
saturation, thereby causing-.precipitation of protein. The .-
precipitated protein was removed by centrifugation and
dissolved in deionized water, followed by desaltization
_~‘ﬂ—~"—’_ﬂ”~’~é_,_~
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possi ble to conduct a treatment for enzyne induction, such as an addition
of hydantoi n conpounds, D-N-carbanoyl - [err an1no aC|ds

i sopropyl -1-thio-[err]-Dgal act osi des (. ), FRe—ara—=
tenperature increase. Usually, the nedlun1used for EUK&$H@EHH SﬁﬁEN
transforned strains may be a conventional nedi um gont ai RER§AEEPboN siunces,
nitrogen sources, and inorganic ions. If organic tracenutrients, such as
vitam nes and amno acids, are added thereto, satisfactory results may be
obtained in . nmay cases. As the carbon sources, carbohydrates, such as

gl ucose -and sucrose; organi c acids, such as acetic acid; alcohols, and the
li ke, are comsamerdd WA dslune (Pharmacia LKB Biotechnology Co.,

Ltd.) and charging in a gas—-phase protein sequencer. From
the results obtained, it_waslfound that there were mixed
proteins in approximateiy the same qnanﬁities,.one having a
sequence in the ahino.terminus portion, which consists of
1st to 16th amino acids of SEQ ID No. 1 in the accompanying
Sequence Listing, and the other having a sequence in the
émino terminus portion, wnich contains an additional |
methionine residue attached.to the amino terminus of the

former's sequence. : -

Effect of the invention.

As described hereinabove, the present invention
makes it possible to produce D-e-amino acids from D-N-
carbamoyl-a-amino acids with high efficiency by employing

gene technology.

. Brief Description of the'drawings

Fig. 1 shows the restriction endonuclease map of
_plasmld PAHD 101 obtalned by the present invention.

Fig. 2 shows the restriction endonuclease map 6f
plasmid pPHD 30i obtained by the present invention.

Fig. 3 shows the-;éstriction endonuclease map of
plasmid pAD 108 obtained'by;the present invention.

_Fig. 4 shows the restriction endonuclease map nf

plasmid pPD 304 obtained by the present invention.
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ni trogen sources, anmoni a gas, ammonia water, anmmonium salts, and the |iKke,

- are used, As the inorganic ions, phosphate-ion, nagne5|un1|on
ion, iron ion, and the like, may be used. -21- |If Cul Ly
unders aerobic conditions for 1-10 days, while adJUStI|QHMBQ%ﬁE
tenperature to an appropriate range of Ze® and 25- 45[;
it is possible to obtain desirable results.

SEQUENCE LISTING

SEQ ID NO.: 1

SEQUENCE LENGTH: 1785
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear

MOLECULE TYPE: genomic DNA
ORIGINAL SOURCE

ORGANISM: Agrobacterium radiobacter

"STRAIN: KNK 712 (FERM BP-1900)

GTCGACGGCG GGCTCGCCCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT

TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA ;

TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACAAC
GTTTTCCCGG CCGCTGEGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT
| | Thr Arg
| | . 1
CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG
Gln Met.Ile Leu Ala Val Gly Gln Gln Gly Pro Ile Ala'A;g Ala Glu
5 | 10 5
ACA CGC GAA CAG GTC_GTC GTT CGT CTT CTC GAC ATG CTG ACG AAA GCC
Thr Arg Glu Gln Val Vél Val Arg Leu-Leu Asp Met Leu Thr Lys Ala
20 25 -— 30
GCG.AGC CGG GGC GCG AAT TTC ATT GTé-TTC CCC GAA CTC GCG CTT ACG -
Ala Ser Aré Gly Ala Asn Phe Ile Vai Phe Pro Glu Leu Ala Leu Thr .
35 | 40 45 50
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\ : o o
Exanpl es of the enbodi nents act.i-ng as an enzyne produced by the transforned
strai ns- fnclude culture solutions of the transfornmed stratps—hacterial —

- cells, treated bacterial cells, enzymes extracted fro DSt S H'A}SlBIEEN-
i mobi | i zed bacterial cells, and the like. As the bactjeri al REBLASEDany o
. the culture solution as it is after conpletion of cul ; '

cells separated fromthe culture squfT&H%'Mashed bacterial cells, and the
| i ke, can be used. As the treated bacterial cells, |yophilized bacterial
cells, acetA€GeTTr TEA CLECCRE ITEC € TEC ACECEAC iGAC @) GAG KGTEuGhE AGGt o coddlact
wi th toluene or detergents, |ysozynme-treated bacterial cells, bacterial

Thr Phe Phe Pro Arg Trp His Phe Thr Asp Glu Ala Glu Leu Asp Ser

PP m——

99 60 65
TTC TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC CGT CCA CTC TTT GAG 478
Phe Tyr Glu Thr qu Met Pfo Gly Pro Val Val Arg Pro Leu Phe Glu '
0 75 80
AAG GCC GCG GAA CTC GGG ATC GGC TTC AAT CTG GGC TAC GCT GAA CIC 526.
Lys Ala Ala Glu Leu Gly Ile Gly Phe Asn Leu Gl§-Tyr Ala Glu Leu
85 90 93 |
. GIC GIC GAA GGC GGC GTC AAG CGT CGC.TTC AAC ACG TCC ATT TTG GTG 274
| Val Yal Glu Gly Gly Val Lys Arg Ar;_Phe Asn Thr Ser Ile Leu Val
100 105 . 110 °
GAT AAG TCA GGC AAG ATC GTC GGC AAG TAT CGT.AAG ATC CAT TI6 CC6 622

Asp Lys Ser Gly Lys Ile Val Gly Lys Tyr Arg Lys Ile His Leu Pro

115 | 120 - 125 130
GGT CAC AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT CTT GAA AAG 670
" Gly His Lys Glu_Tyr Glu Ala Tyr Arg Pro Phe Gln His Leu Glu Lys
13 IR U1 N 145
CGT TAT TTC GAG CCG GGC GAT CTC GGC TTC CCG GTC IAT GAC GTC GAC 718-

Arg Tyf Phe Glu Pro Gly Asp Leu Gly'Phe Pro Val Tyr Asp Val Asp

150 155 160 |
GCC GCG AAA ATG GGG -ATG TTC ATC TGC AAC GAT CGC CGC TGG CCT GAA - 766
Ala_Alé Lys Met Gly Met Phe Ile Cys~Asn Asp Arg Arg Trp Pfo Glu
| 165 - 1 175
GCC TGG CGG GTG ATG GGC CTC AGG GGC' GCC GAG ATC ATC TGC GGC GGC 814
Ala Trp Arg Val Met Clg Ley Arg Gly Ala Glu Ile Ile Cys Gly Gly

//
190
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"~ cells exposed to ultrasonic waves, nechanlcally ground bacterial
the |like, can be used, as well as enzyme extracts hawFfg t e &NN
activity to convert D-N- carbanoyl-[err]-anino acids {job &
treated bacterial cells, by renoval of their carbanoyl js—-ht-o—t-he
corresponding D-[err]-am no-acids; .thesg, i mobilized Dacteri al ceIIs
i nsol ubilized treated bacterial cells; &nzynme proteins .fixed on a support
for immobilization (e.g., anion exchange resin), and the like. For an .
i mobi | i zation nmethod, for exanple, it is possible to nake reference to the

TAC AAC ACG CCG ACC CAC AAT CCC CCT GTT CCC CAG CAC GAC CAC CTG 862
Tyr Asn Thr Pro Thr His Asn Pro Pro Val Pro Gln His Asp His Leu
195 200 205 : 210
ACG TCC TIC CAC CAT CTC CTA TCG ATG CAG GCC GGG TCT TAT CAG AAC. 910
Thr Ser Phe His His Leu Leu Ser et Gln Ala Gly Ser Tyr Gln Asn
215 220 225 _
GGG GCC TGG TCC GCG GCC GCG GGC AAG GTG GGC ATG GAG GAG AAC TGC 958
Gly Ala Trp Ser Ala Ala Ala Gly Lys Val Gly'Mgt Glu Glu Asn Cys
230 23?- 240
ATG CTG CTC GGC CAC TCC TGC ATC GTGGCG CCG ACC GGG GAA ATC GIC 1006
Met Leu'Léu Gly His Ser Cys Ile Vai.Ala Pro Thr Gly Glu Ile Val
245 250 255 |
GCT CTC ACT ACG ACG CTG GAA GAC GAG GTG ATC ACC GCC GCC GTC GAT 1054
Ala Leu Thr Thr Thr Leu Glu Asp Glu Val Ile Thr. Ala Ala_Val Asp
260 %5 210 .
CTC GAT CGC TGC CGG GAA CTG.CGT GAA CAC ATC TTC AAC TTC AAG CAG 1102
Leu Asp Arg Cys Arg Glu Leu Arg Glu His Ile Phe Asn Phe Lys Gln
275 - 280 ' _ 285 290
"CAT CGT CAG CCC CAG CAC TAT GGT CfG ATC GCG GAA CTC 1141
His Arg Gln Pro Gln His Tyr Gly Leu Ile Ala Glu Leu
295 300 |
TGAGGTTGCC GAAAAGCATG TGTGTCGTTG TTCTCGGCGC CTGGGTCACA TCCAGGCGCG 1201
CCAGGGTGAC GCTGGTGGAA TAGTACCACG ACCGCTTCAG CGCGATCCGC AAGGAGATGC 1261
GGGTCGCCGG AGCGGCAAAG CCCGACATTC GTTTCGCACC GACGGCCGTC GTGAACTCGA 1321
CAGTCCGCGA GAAGGGCGTA TTGCGCGGCC TGGACCTGTA CGTGGAACTG TAGCCCATAT 1381
ATAGATTTCC AAAGAGTTTC GGCGAGGCGC GGCGCGCCTA GCCCCATGTG AGCGAGAACC 1441

——

- ——
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- 22 - specification of Japanese Pateént Laid-open Publication No.
63-185382. As the support used for immobilization, suited are
pheno] - fornaldehyde ani on exchange resins, such as :
(Rohm & Haas Co.: registered trade mark); and vario sﬁmysmEEWHNsﬂﬁéNr si ns
cont ai ni ng varlous'anines, annDniun1saIE§- or - funct ijjonal gEQupsEDf t heil -
di et hanol am ne type, for exanple, polystylene resin

| RA935, | RA945, | RA901 (Rohm & Haas Co.: registered trade mar k), Lewatit
OC1037 (Bayer A .G : registered trade nark)

GTGCCCAGAT CAAAGAATGA GACCGACGCG CCGGCCGCGG CAAAGGATGA TCCTCAGGGT 1301
CGGATCTATC GCTCCGCCCT GAAGCAGGAG GGCGCACGCT GGCTGCTGAC GGCGGAGGAA 1561
GGGTTGCTGG CAAAGCCCAA_CCCGCCCGGC CTTGTTCCGG CACTTGAGAA TGCGATCGCC 1621
ATCGTCGATT ACATCAACGG TACACCGCCC CATATCGCGT CCCTGGCGGA GCTTTCAACG 1681
ACGCTCGGGA TATCCAAGAG CCACTGTCAC TCCATCCTCA AGACGCTGAC GCATTfCGGC 1741
TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC- 1785




and D aion EX-05 (M'tsubishi -Chem cal Industries Ltd.: registered trade
mark). @& her supports, such as DEAE- cel'lul ose, can also be used. Furt her,
to obtain stronger and nore stabl e adsorption of enzynes, usually,
cross-linking agents are used, the preferred exanple 2

gl utaral dehyde. As the enzyne to be used,5hot only p rtﬂgﬁﬂﬂﬁﬂZHNEBEEN
al so those with different degrees of purlflcatlon S ch asREaLAGaDIy
purified enzynmes, suspensions of disintegrated bacte
cell-free extracts, can be used. The preparation of |nnnb|I|zed enzymes can
be conduct ed by using an. enzynme sol ution and the conventi onal

SEQ ID NO.: 2

SEQUENCE LENGTH: 1820
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear

MOLECULE TYPE: genomic DNA
ORIGINAL SOURCE |

ORGANISM: Pseudomonas sp.

STRAIN: KNK 003A (PERM BP-3181)

GCATGCGCGG GGAACTGAAG AACTTGCAAG ACGAACTCGG CATTACCTTC GTGCATGTAA 60
'CCCATACCCA GCCTGAGGCG ATCGCGCTCG CCGACATGGT GGTTGTGATG GATACGGGCC 120
GCATAGAGCA GGCAGCGAGC GCCAACGAAA TCTACAACCG GCCCGCGACG CCCTATGTGG 180
- CGCGCTTCAT GGGCGGCCAA AACGTGTTGA.CGGGGAGGGT GGAGKGCATC TCGCCCACCG 240
GCATGGTGCT GAAAAGCGAA AAGGGCGAGA TCTTCAATGC GCCTCTTACG GGTGCTGCGC 300
CGAAGCTGGG CGAACCCGTA TCGATATCCA TGCGCCGCGA CCGCATCAGC ATCAGCAAGC 360
CGCAAAACGG QAAGGGCGCG CAGCAGGCTG ACGCGGTAAC GGGTGTGGTC GATTCCACGG 420
AATACCAGGG CAGCTTCGTG AAGGTCAGCA TAGTGCTCGA CGGTGGCGAG ACCTTCGTCG 480
CAAACATGCC CGACCATGAA TTTTTCGCGG AACCGGTGGA TCACGGCGTC CCGGTGGTCG 240
CCCGCTGGAA ACCGGAGCAT GTGCATGTCC TGTCCAAGTC TGACCGGGGC GCCGACCACA 600
CCGAAATCTA CCGCTTCCCT-GCAGGCGAAA ATACCGTTTC-AATGGGCAAG GGGCGGCAAA - 660
CGGGGTTGAG ACGACCCGGT TTATCGAGGA GGACGAGATG ACA CGC ATC GTC AAT 715
;; Thr Arg Ile Val Asn

1 )
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nmet hod i n which,

i nventi on,

practical enbodi nent,

stereosel ectivity to DN carbanoyl - “a-

D-formor a m xture of

-for exanpl e,
.by cross-1inking treatnent.
as a substrate of the enzymatic reaction-of the pres
can be represented by the formula: R CH(N
_in cases where t§§1enzyne used Tras sStrict
It can be used as the

enzymes are adsorbed on a support,
D- N- car banoyl -

[err]-am n

fol | owed
ised
ATTHIS SHEE@HAS BEEN

H2 REPEAOED and

no aci ds,

GCA GCC GCC GCG CAG ATG GGG CCC ATC AGC CGG TCC GAA ACG CGC AAG

Ala Ala Ala Ala Gln Net Gly Pro Ile Ser Arg Ser Glu Thr Arg Lys
10 BERRT | 20
GAT ACG GTC CGG CGC CTG ATC GCG CTC ATG CGC GAG GCG AAG GCC CGC
Asp Thr.Val Arg Arg Leu Ile Ala Leu Met Arg Glu Ala Lys Ala Arg
95 30 35
GGT TCC GAC CTT GTIC GTC TTT ACC GAA CTC-GCG'CTC ACC ACC TTC TTT
~ Gly Ser Asp Leu Val Val Phe Thr Glu Leu Ala Leu Thr Thr Phe Phe
40 4 o0
CCC CGC TGG GTG ATC GAG GAC GAA GCT_GAG CTC‘GAC AGC TTC TAC GAG
Pro Arg Trp Vai_lle Glu Asp Glu Ala Glu Leu Asp Ser Phe Tyr Glu
5B . .60 65
AAG GAG ATG CCA GGG CCC GAA ACC CAG CCG CTC TTC GAT GAG GCG AAG
Lys Glu.Met Pro Gly Pro Glu Thr Gln Pro Leu Phe Asp Glu Ala Lys
70 _ 75 | 80 85
CGC TTG GAG ATC GGC TTC TAT CTC GGT TAT GCC GAG CTG GCG GAG GAG
Glu Ile Gly Phe Tyr Leu Gly Tyr Ala Glu Leu Ala Glu Glu
| 90 % | 100
AGG AAG CGG CGC TTC AAC ACC TCT ATC CTT GTG GAC CGC AGC
Arg Lys Arg Arg Phe Asn Thr Ser Ile Leu Val Asp Arg Ser
T T ¥ 1 N 115
ATC GTC GGC AAQ TAC CGC AAG-GTG CAC CTG CCC GGG CAC AAA
Lys-Val

Arg Leu

GGC GGC
Gly Gly

.GGC CGG
Gly Arg His Leu Pro Gly His Lys

130

Ile Val Gly Lys Tyr Arg
120 : 125 -
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the D- and L-forms. Mreover, in cases where the stereo- selectivity is not

strict because enzynes al so act on L- carbanoyl an1nc_achs,_4u_4¢£&££—~
enzymes are used as an enzyne mxture also acting on {f heyd sfieehBesenf |, it
is preferred that only enzymes of the D-formare usedfto prEAE=D l
[err]-amino acids of the D-form The sulstituent R ca '
w de range, as described in the specifications of Japanese Pat ent
Publ i cation Nos. 57-18793, 63-20520, and 1-48758; in particular, to provide
i ndustrially useful conpouhds, such as internediates -of drugs, it is

P Lbott § o ERCIceE, C BOCTBEC: act RN CRRVERS 't €t ¥h MRV EE kT ACY'+ 1147
Glu Pro Gln Pro Gly Arg Lys His Gln His Leu Glu Lys Arg Tyr Phe
135 140 145 |
GAG CCC GGC GAT CTC GGC TTC GGT GTC TGG CGC GCC TTC GAC GGC GTA 11395
Glu Pro Gly Asp Leu Gly Phe Gly Val Trp Arg Ala Phe Asp Gly Val
150 155 200 205
ATG GGC ATG TGC ATT TGC AAC GAC CGE CGC TGG CCG GAG ACC TAC CGG 1243
Met Gly Met Cys‘Iie Cys Asn Asp Arg Arg Trp Pro Glu Thr Tyr Arg '
210 215 : 220
GTC.ATG GGC TTG CAG GGA GTG GAG ATG. GTC ATG CTG GGC TAC AAC ACG 1291
Val Met Gly Leu Gln Gly Val Glu Met Val Met Leu Gly Tyr Asn Thr
225 - 230 . 235
CCG TAT GAC CAT ACC GGT CAC GAC GAC ATC GAT TCA CTC ACC CAG TIT | 1339
Pro Tyr Asp His Thr Gly His Asp ASp Ile Asp Ser Leu Thr Gln Phe -
240 245 250
CAC AAT CAT CTC TCC ATG CAG GCG GGC GCC TAC CAG AAT TCG ACC TGG - 1387
His Asn His Leu Ser Met Gln Ala Gly Ala Tyr Gln Asn Ser Thr Trp
255 260 265 |
GTG ATC GGC ACC GCC AAA TGC GGC ACC GAG GAG GGC TCC AAA ATG GTG 1435
Val ile Gly Thr Ala Lys Cys Gly Thr Glu Glu Gly Ser Lys Met Val
270 ' 275 280 985
GGG CAG AGC GTG ATC GTT GCG CCC TCC-GGC GAG ATC GTC GCT ATG GCC 1483
Gly Gln Ser Val Ile Val Ala Pro Ser~Gly Glu Ile Val Ala Met Ala

290 295 | 300

————
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aral kyl, or thienyl. In the case of phenyl substituted with hydroxy, t he
nunber ef hydroxy is one or nore, and they may be attached at any of o-,
m, and p-positions, with the typical exanple thereof being

ne corr s5pondi ng arm no 4ci 8 becorms D akani ne. D[RS R RS hey
E;L?ﬁgegchngarggntgfohgkgubsgrfufggs&;Eﬁtﬁgdfgiz! al kyl t hi o, carboxyl,
am no, phenyl, phenyl substituted with hydroxy, amdo, or the Iike, that
the TGC ACG ATC GAG GAC GAG ATC ATC ACC GCA CGC TGC GAT CTC GAC ATG 1531
Cys Thr Ile Glu Asp Clu Ile Ile Thr Ala Arg Cys Asp Leu Asp Met
305 310 315
GGC AAG CGC TAC CGC GAG ACC ATC TTC GAT TTC GCC CGC CAT CGC GAG 1579
Gly Lys Arg Tyr Arg Glu Thr Ile Phe Asp Phe Ala Arg His Arg Glu
| 320 325 330 |
© CCC GAC GCC TAT CGC CTG ATC GTC GAA CGC AAA GGG GCT GTG CCG CCG 1627
Pro Asp Ala Tyr Arg Leu Ile Val Glu Arg Lys Gly Ala Val Pro Pro
335 R R 7" .
CCG CAG TGA o . - | 1636
- Pro Gln - | -
350 _
TCGGAACCTG AAAACGAAAT ATCCGGCCGG ACGGTGGGAA GGTGAAAGGA GGAGTCTCCA 1696
TGACAACAGT TATCAAGGGT GGAACATCGT CGCCGCCGAT CGCAGCTATG AAGCCGATAT 1756
CCTGATCGAA GGCGAAAAGA TOGCCCAGAT CGGCAGGGAT CTGCAGGGCG ACAAGATIGT 1816

CGAC . . 1820

t hat

peasmewersyisy

kyl
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-24- corresponding anino acid becones D serine, D-threonine, D nethionine,
D-cystei ne, Dasparagi ne, D-glutanmine, Dtyrosine, D-tryptophane,
D-aspartic acid, D-glutamc acid, D-histidine, Dlysine.. D—arnlnlgﬁazﬁ_
D-citYulline, or the like. The aral kyl group is su 1<SEQEET h@glgmm
carbon atons, for exanple, .benzyl or phenthyl, that t e @rpLaeeondi ng lam no
aci d becones D phenyl al anine or the like. As the a —these

contai ning water, buffers—or .organic solvents, such as ethanol can be

A AR

CLAIMS

1. A érocess for the production of D-u—am;no acids
characterized in.that_D¥N—carbamoyl—u—amino acids are
'conQerted into the corresponding D-ec—amino acids in an
agueous medium, using a recombinant DNA comprising a vector
DNA and a DNA fragment having a gene which is related to an
enzyme capable of converting D-N-carbamoyl-a-amino acids by
removal of their carbamoyl groups into the corresponding D-
a—amino acids, with the aid.of an actioﬁ of said enzyme
which is produced by é transformant which is obtained by

transformation of host bacterial cells selected from

microorganisms belonging to the genus Escherichia,

Pseudomonas, Flavobacterium, Bacillus, Serratia,

Corynebacterium, or Brevibacterium, after which the
D-c—amino acids produced are collected.
2. A process according to claim 1, wherein D-N-

carbamoyl-e—amino acid is a compound of the general formula:
R—CH (NHCONH, } —~COOH

(where Rlis pheﬁyl, phenyl substituted with hydroxy, alkyl,
substituted alkyl, aralkyl,-or thienyl). .

3. A process acco:dlng to claim 1 or 2, wherein
the enzymE-produced_by the transformant is used as a culture

solution of said transformant, bacterial cells, treated
. . x
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used. Further, when necessary, nutrients required for the growh of
m cr oor gani sns, antioxi dants, detergents, coenzynes, hydroxyl am nes,

metal s, or Phe—%rke——eaﬁ—akse—be added tos8he aqueou o ' _
ket [ 111111711 et il w% B il &

parti-cul ar D-N*caf bahoy! - [*er ] -jami no aci d, an aqueous medi um cont ai ni ng not
onl'y a D-N-[err]-amno acid but also nutrients required for the growth of
_m croorgani snms, such as carbon sources, nitrogen sources, and inorganic
lons, is used. Further, if organic tracenutrients, such as vitam nes and

' bacterial cells, extracts from bacterial cells, immobilized

| bacterial ceils, or immobilized enzyme.
4. A process according to any one of claims 1 to
3, wherein the DNA fragment containing said gene is derived
from eucaryotes, procaryotes, viruses, bacteriophages, or
plasmids.
5. .A process according to.claim'4, wherein said
procaryotes are bacteria.
6; A process according ﬁo claim 5,.wﬁerein_said
bacteria are those sélected_from microoréanisms-belonging to

the genus Pseudomonas, Agrobacterium, Aerobacter, -

Aeromonas, Brevibacterium, Bacillus, Flavobacterium,

Serratia, or Micrococcus.

7. A process according to claim 6, wherein said

" bacteria are Pseudomonas sp. KNK 003A (FERM BP-3181) or

Pseudomonas sp. KNK 505 (FERM BP-3182).

8. 'A process according to claim 6, wherein said

bacteria are Agrobacterium radiobacter KNK 712 (FERM BP-

1900).

9. A michorganiSm including a recombinant
comprising a vector .DNA and a DNA fragment having a gene
related to an enzyme capable of D-N- carbamoyl—u—amlno acids
1nto the corresponding D—a—amlno acxds

10. A microorganism according to claim 9, wherein

said microorganism including the recombinant is one selected -

from_micrborganisms belonging to the genus Escherichia,

B
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am no acids, are added thereto, satisfactory results can be .obtained in
many casés. As the carbon sources, carbo- hydrates, such as glucose and

sucrose; organic aCids such as_acetic aci®™ -al coh ] Hr e
conveniently the ni trogen sourc §H 5&%§n10nla
‘wat er, annnniu+uﬂ l”ﬂﬂ “ | i ke, are used. As thp LN Lons
phosphate ion «pot assiumion, iron ion, and the i ke, may be-

used.

Pseudomonas, Flavobacterium, Bacillus, Serratia,

Corynebacterium, or Brevibacterium.

11. A microorganism according to claim 10, wherein

said microorganism is Escherichia coli JM 109 pAHD 101,

Escherichia coli JM 109 pAD 108 (FERM BP-3184), Escherichia

coli JM 109 PPHD 301, or Escherichia coli JM 109 pPD 304

(FERM BP-3183).

12; A process for the'production'of D-N-carbamoyl-
a-amino acid amidohydrolases charactérized by using a |
transformant which is oBtained by transformation of host
bacterial cells selected from microo;ganisms belonging to

the genus Escherichia, Pseudomonas, Flavobacterium,

Bacillus, Serratia, Corynebacterium, or Brevibacterium, with

a recombinant DNA comprising a vector DNA and a DNA fragment
‘having a gene related to an enzyme capable of converting D-
N-carbamoyl-a-amino acids by removal of their carbamoyl
groups into the corresponding D-e—-amino acids.

- 13; A process according to claim 12, Qherein D-N-

carbamoyl-a-amino acid is a compound of the general formula:

R-CH(NHCONH, ) -COOH .
(where R is phenyl, phenyl substituted hydroxy, alkyl,
substituted alkyl, aralkyl,_ or thienyl).
14. A recombinant plasmid which is obtained by
recombination of plasmid pUC 18 or pUC 19 with a DNA

\‘h\“\“““-;\\\\j.
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The cultivation is conducted under aerobic conditions, while adjusting t he
pH and tenperature to an appropriate range of 4-8 and 25-45[err]C,
respectively. If the cultivation is conducted for 1-10_days
D-N-carbanoyl -[err]- arino acids can be converted intofﬁﬁlgsﬂmﬁﬁﬂi
acids with high efficiency. To the contrary, in cases Where REELE
solution of the above mcroorganisns is allowed as it
cultivated bacterial cells, treated bacterial cells, enzyne extracts
i nobi | i zed bacterial. cells, insolubilized bacterial cells, or fixed enzyne
proteins, in an aqueous nedi um containing a particul ar D-N-carbanDyI-

fragment having any one of the restriction endonuclease maps

of Flgs 1-4 and contalnlng an gene related to a D-N-

carbamoyl a—amino acid amldohydrolase derived’ from

Pseudomodnas sp. KNK 003A {FERM BP—3181) or Agrobacterium

radiobacter KNK 712 (FERM BP-1800).

15. An imm§bilized enzyme in which én enzyme
capable of conQertinglD—N—carbamoyl—a—amino acids by removal
of théir carbamoyl groups into the corresponding D-e-amino
acids is fixed on a suppoét_fo; immobilization capable. of
carrying'the'en;yme; -

16. A gene for a protein having the enzyme
acﬁivity to convert D-N—carbamoyl—u-amino'acids by removal
of their carbamoyl groups into the éorresponding D-a-amino
acids, said géne encoding all or a bart of the amino acid
sequence of lst to 303rd amino acids shown in SEQ ID No. 1
in the accompanying Sequence Listing.

17. A DNA fragment in which the base sequence of
167th to. 232nd bases.of SEQ ID No. 1 in the accompanying
Sequence Listing, or a base'sequence eqguivalent thereto, is
attached to the upstream of the 5' end of the DNA fragment
according to claim i6;

18. A DNA ffagmen; having all or a part of the |
base sequence of 1lst to 1785th bases of SEQ ID No. 1 in the
aécompanying Sequence Listing, or having a base sequence
eduivalent'thereto, and containing a gene of a protein which

has the enzyme activity to convert D-N-carbamoyl-a—-amino

—

o il



[err]-am no acid dissol ved or suspended, the reaction m xture may be
allowed to stand for sone tine or stirred, while maintaining at an
appropriate tenperature of 10-80[err]C and, pH of. 4-fF;
hggr sphave runnPhel r course, the correspoﬁﬁll ng D[ df Fﬂ%ﬁﬁﬁ@ﬁéﬁcﬁﬁ@‘
produced in large quantities and enriched in the a Lheous AREGHAREP  Mor dover
the D-N- carbanoyl -[err]-am no acid may be added in separate portrons with
the progress of reaction. The produced D-[err]-amno acid can be separated
and purified by a conventional separation nethod.

J 7 S -

acids by remdval of their carbaﬁoyl groups into the
corresponding D-a-amino acids.

19.. A DNA fragment according to claim 18, which
comprises a DNA fragment encoding thg amino acid sequence of
lst to 20th amino acids of SEQ ID No. I in the accompanying
Sequence Listing.

20. A gene of a protein having the enzyme activity
to convert D—Nfcarbaﬁoyl-a—amino acids by removal of their
carbamoyl groups into th§ corresponding D—u-amino-acids,
said gene encoding all or a.-part of the émino acid sequence
of 1st to 311lth amino acids of SEQ ID No. 2 in the
accompanying Sequence Listing.

21. A DNA fragment having the base sequence of 1lst
to 1820th bases of SEQ ID No. 2 in the accompanying Sequence
Listing, or having a base sequence equivalent thereto, and

. containing a gene of a protein which has the enzYme activiéy
to convert D-N-carbamoyl-a-amino acids by removal of their
carbamoyl groups into the corresponding D—u-émino acids.

22. A DNA f}agment according to claim 21, which
'.comprises a DNA fragment encoding the amino acid sequence of
lst to 20th amino acids of SEQ ID No. 2 in the accompanying

Sequenéé Listiné. _

+23. A protein hawving all or a part of the amino
acid sequence of 1lst to 303rd amino acids of SEQ ID No. 1 in
the aécompanying Sequence Listing, and having the enzyme

activity to convert D—N-carbambyl—u-amino acids by removal

This Sheet Has Been Replae
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- 26 - The D-[err]-amno acid thus obtained can be represented.by the
~formula:*R-CHNH err] COOH (R i s as defined above). Exanpl es The fol | ow ng
wi Il describe the enbodi ments of the preseqd 4 nvention. The D-[errk an1no
acid produced was detected and determ ned by high per
chromat ography (HPLC) or thin |ayer chromatography (T
Preparati on of reconbi nant DNA conpri sing chronosone
sp. KNK 712 ( Ferm BP- :

lium

of their carbamoyl groups into the corresponding D-a—amino
acids. | |

24. A protein according to claim 23,'which has the
amino acid sequence of.lst to 20th amino acids of SEQ ID No.
l in the accompanying‘Sequence Listing. -

25; A protein having all or a part of the amino
acid sequence of ;st to 3llst amino acids of SEQ ID No. 2 in
the accompanying Sequence Listing, and having the enzyme
activity to convert D-N¥carbamoyl—u—amiﬁo acids by removal
of their carbamoyl grogps'into the correspondiné D—a-amino
acids.

26. A pfoteih according to.claim 25, which has the
amino acid sequence of lst to 20th amino acids of SEQ ID No.

2 in the accompanying Sequence Listing.

o
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1900) and vector DNA : - Agrobacterlun15p KNK 712 (Fern1BP—1900) mas
cultivated in 2 liters of L-broth (10 g of peptone/li te g-0f yec
extract/liter, 5 g of sodiumchloride/litep;-pH 7.0)

hours, after which cultures were harvested to give 20
Fron1the bacterial cells obtained, chronosonme DNA was—extroeted Lg
to the Marmur method. To 250 [err]g of this chronpsone DNA, 2 U of Sau3AI
wer e added, and allowed to react at 37[err]C for 30 minutes, thereby
causing partial digestion. Fromthe partially digested DNA 4-9 kbp DNA

fragnents were obtained by agarose gel el ectrophoresis. On
ABSTRACT

The present invention is directed to_a.gené which
is related to a D-N-carbamoyl-c—-amino acid amidohydrolase
which is an enzyme cépable of converting D-N-carbamoyl-a-
aming acids into D-oc-amino acids; a recombinant plasmid in
which a DNA fragmenf containing thelgene is incorporated
intola véctor;;a microorganism belonging to tﬁe genus

Escherichia, Pseuidomonas, Flavobacterium, Bacillus,

Serratia, Corynebacterium, or Brevibacterium, which is

t;ansformed by .incorporating the recombinant plasmigd
thereinto; a proceés for the production of Diﬁfcarbamdyl—a—
gmino acid amidohydrolases, comprising the steps of
cultivating the'transformed microorganism and collecting fhe
desired product therefrom; a D-N-carbamoyl-c—amino acid
amidohydrolase obtained by the method; and a process for:the
production of D—-a-amino acids with the aid of an action of-
the enzyme. | | |

| The D-N-carbamoyl-a—-amino acid amidohydrolase can
be fixed on a support for immobilization and used as.an'

immobilized enzyme.

Sheet Has Been Replaced
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t he ot her hand, plasm d pUC_18 was conpletely dlgested with BanHl, and
ligated with T4 DNA ligase to the above-obtained DNA fragnents from
chronoson®, resulting in a m xed solutlo - 27 - 0 '
pl asmi ds. Exanple 2 Sel ection of plasmd o(erl ved fronj K@ﬂ%ﬁﬁﬁ@r"r“erﬁ%%" lKNK
712 (FERM BP-1900) and containing gene related to conersi SHEFRACE

D-N-carbanoyl -[err]-am no acid into the .

Fig.l . :

Fig.2

This Sheet Has g,
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corresponding D-[err]-am no acid:- Using the m xed plasm d sol ution of
Exanpl e ¥1, Escherichia coli JM 109 was transforned accordi ng to the ___

. conventional method. This was inocul at e on the medi um of—Fabte EN
.-cont@ ning anpicillin as a selection er. Table 1 oﬂmggp\ﬁﬁ?ﬁé“"sa \
.. 1 g Yeast extract 0.5 g SOdI um chloridell ~ REPLACER) 5 4

* Anpicillin 100 ng Ager g Water

was added to the volume of 1 liter (pH 7.0).

Fig.3 : S o

EcoR 1T

pUC19

BamH I
1 \ EcoR I
pUC1
‘ Smal
- Sac I
Hindll ——
—_—
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The grown colonies were collected and inoculated into the liquid nmedium of
Tabl e 2, gontaining D N-carbanoyl - alanine as a sole nitrogen source,

fol |l owed ™y cultivation. -28- Table 2 NaJ[err]HP( err] 6 g
KH err] P err] 3 g Nad 0.5
MySO err] 01279 1 - REPLACEMENT SHEET
06 FEB 1997
SPECIFICATION
/

PROCESS FOR PRODUCTION OF D-u—KMINO~ACIDS

Technical field

The present invention relates to'a process for the
production of D-ec—amino acids, and more particularly, to a
process for the production of D-a-amino acids using a novel
transformant having a gene which is related to an enzyme
capable of converting D-N-carbamoyl-ec-amino acids into the

corresponding D-ea-amino acids.

Background art

Optically-active D-a-amino acids are important
compounds as intermediates of drugs, and particularly,
D-phenylglycine, D-parahydroxyphenyl-glycine and other
intermediates for the production of Semisynthésized
penicillin or cephalosporin antibiotics are industrially
useful compounds. As a process for the production of such
D-e«-amino acids, there is a well-known process in which
carbamoyl groups of the corresponding D-N—carbamoyl-a-aminq
acids are reﬁov;d to give the desired D~o-amino acids. The
removal of carbamoyl groups. in this process is achieved by a

chemical process (e.g., the. specification of Japanese Patent

.Publication No. 58-4707) or by a process utilizing the

enzymatic reaction of microorganisms (e.g., the



CaCI[er
Ampi ci | |

D- N- Car banoyl - al ani ne

(pH 7.0).

gromﬁ’on the medium of Table 2 by utiljzing D-N-carb
nitrogen source. The culture solution in the nmedium
i nocul ated into the same nmedi um as used above, and t

S i on_wa$
repeated for enrichnent of the desired transforned s rain8§f '&ﬁ@?ﬁg,

] 11 ng G ucose 29
in 50 ng Thiam n 1 ng

Only the transfornmed strains expressing th

specifications of'Japanese Patent Publication Nos. 57-18793,

63-20520, and 1-48758).

" Problems to be solved by the invention

In a chemical process employed for the removal of

carbamoyl groups as described above, a great amount of
mineral acid such as sulfuric acid is used, and therefore,

there will occur serious environmental problems regarding to

- the disposal thereof and the like. On the other hand, a

process utilizing the enzymatic .reaction of microorganisms

has several drawbacks that microorganisms hitherto known as
a_source of enzyme supply eannot produce a sufficient amount
of enzymes and that expensive hydantoin or N-cerbamoylamino

acid compounds are required for the production of enzymes.

Means for solving the problems

' For the purpose of solvxng such problems, the
obJects of the present ‘invention are to prepare micro-
organisms having high productivity of enzymes, as well as to
produce D-c-amino acids with high efficiency by use of a
source of enzyme supply thus obtained.

A similar technique is disclosed in Japanese Patent

Laid-open Publication No. 63-24894. However, this techhique

relates to the pfoduction of L-a—-amino acids, and there is

no experimental example describing the production of D-a-

amino acids.

1 g Water was added to the volune of 1 liter

be



enriched culture solution, the transfornmed strains were purely separated
with the nmediumof Table 1. These purely separatgd.cells were inocul ated
into 10 M of L-broth (10 g of peptone/liter, 5 'R@PL rasextracthl iter, 5
g of sodiumchloride/liter; pH 7.0) containing 100 rRgk o %wr|C|II|n
and i‘ncubated at 37[err]C for 16 hours, yafter whijchh 1 m of the gufture

sol ution was harvested and the supernatant was rég
by suspension of - 29-

The present invention provides a process for the
production of D-a-amino acids, characterized in that D-N-
carbamoyl-ec-amino acids are converted into the corresponding
D-a—-amino acids in an aqueous medium with the aid of an
action of an enzyme pfoduced from a transformant which is
obtained by transformation of host bacterial cells selected

from the microorganisms belonging to the genera Escherichia,

Psegdomonas, Flavobacterium, Bacillus, Serratia,

Corvnebacterium, and Brevibacterium, with a recombinant DNA

comprising a vector DNA and_a DNA fragment containihg'a géne
which is related to that enzyme capable of cohverting D-N-
carbamoyl-e—-amino acids by removal of their carbamoyl groups
into the corresponding D-e-amino acids, after which the D-a-
amino acids produced are collected.

By the way, no example has hitherto been known that
a recombinaht DNA comprising a vector and a gene which is
related to an enzyme capable of converting D¥N-carbamoy1-u—
amino acids by removal of their carbamoyl groups into the
correspohding D-a-amino acids is incorporated into micro-
organisms to achieve the expression of the gene. Such a

technique was not succeeded until the present invention has

been completed..

The enzymes capable of converting D-N-carbamoyl-a-
amino acids by removal of their carbamoyl groups into the
corresponding D-e-amino acids are, in fact, not limited E&._

- those which specifically act on the D-isomers or those which



t he bacterial cells in 0 5 m of substrate solution (0.5%
D- N- car banoyl - par ahydr oxy o Triton X-100, 0.1 M phosphate
buf fer (hereinafter refernpd {0sas.KRREBEEN . 0) and allomnng to react at

37[err]C for 3 hours. Thi reaCQFQQﬁﬂkziure S spottd
develsoped, followed by s A n, resul LAQ@E $B SHEET
the standara rom

D-parahyd?ﬁ??ﬁﬂenylglyC|ne whi ch was~i A agreenent witlh
this f@g&mm}ﬁsaﬁhRqMWwwrned that the transforned straing

?ﬁ rat ¢d
have a nlng a gene related to the desirgd enzyne 2? agm d
onta| ralns was naned pAHD 101. Then, fr onmrthe—above-

ns

transf pAHD -101

act on either D- or L-isomers. In particular, enzymes
having a étrict stereoselectivity to D-N-carbamoyl-ec-amino
acids may be referred to as D-N-carbamoyl-a=-amino acid
amidohydrolases |

Examples of the DNA fragment containing a gene
which can be used in the present invention are those which
are derived from eucaryotes, prokaryotes, viruses,
bacteriophages or plasmids, and which contain a gene related
to a particular D-N-carbamoyl-ec—amino acid amidohydrolase.
As the gene derived from prokaryotes, preferred are those
which are derived from bacteria belonging to the genus, for

example, Pseudomonas, Agrobacterium, Aerobacter, Aeromonas,

Brevibacterium, Bacillus, Flavobabtetium, Serratia,

Micrococcus, Arthrobacter, Alkaligenes, Achromobacter,

Moraxella, or Paracoccus, and which are related to D-N-

catbamoyl-u-amino-acid amidohydrolases. Specific examples

of such strazns are as follows. Aerobacter cloacae IAM 1221,

Bacillus macroides ATCC 12905, Bac111us alvei IFO 3343,

‘Brevibacterium ammonlagenes IFO 12071, Flavobacterium

flavescens IFO 3086, Sarcxna lutea IFO 1099. Serratla

marcescens IFO 3054, Microéoccus lJuteus IFO 12708, Aeromonas

hydrophilia IFO 3820, Agrobacterium radiobacter KNK 712

(FERM BP-1900), Pseudomonas-sp. KNK -003A (FERM BP-3181),

Pseudomonas'sp. KNK 505 (FERM BP-3182), Agrobacterium 1302

NRRL B11291, Alkalxggnes aguamarinus AJ 11199, Achromobacter

liquefaciens AJ 11198, Moraxella nonliquefaciens AJ 11221,




was prepared in |arge qug 'tles accordlng to the aIkaI| denat ur ati on
net hod, . fol | owed by mapp A e g=that it had the structure shown
in Fig. 1. Escherichia Cf|| § ed Wi th pAHD 101 was naned

i JM 109 ipAHE t Sel ect i ved
Escherichia coli  Sele ﬂﬂﬁ“ﬁﬁ {qwﬁrated o

f r om*Pseudomnonas sp KNK 003A (FEHW i
converiﬁeﬁkgﬁ ccPRMpiEet bamoyl - [err]-anminoSaeid i nto fhE correspondin

solut

m“‘ In the same manner as descri bedji i &RERONIITL, | a] ni xed

reconbi nant plasmds forned frbm

Paracoccus denitrificans AJ 11222, Arthrobacter fragilus AJ

11223, and the like.

As the typical examples of the above bacteria, the

micological characteristics of Agrobacterium radiobacter KNK

712 (FERM BP-1900), Pseudomonas sp. KNK 003A (FERM BP-3181),

and Pseudomonas sp. KNK 505 (FERM BP-3182) are described

below.

Agrobacterium radiobaeter KNK 712 (FERM BP-1900)

(a) Morphology - _
(1) Cell size and shapg: 0.5-1.0 «x 2.0-4;0 um, rods
(2) Cellular polymorphism: none
(3) Motility and'flagellar arrangement: active, subpolar
(4) Sporulation: none
(5) Gram-staining: negative
(b) Cultural characteristics on various media
(1) Meat -extract agat“pléte culture:
‘satisfactory growth, ¥ound, ridgy, smooth margin,
smoofh weﬁlsurface, white to cream-colored, glossy,
opague, liquid form
(2) Meat extract agar slant culture:
excelle;t growth, even growth on the inoculation
line, thick ridge, smooth wet surface, smooth

margin, white to cream-colored, glossy., opaque, no

change in the medium -:

(3) Meat extract gelatin stab culture:



chronosone DNA f
pl asm d pUC18 wa
coli JMF109 was

~these various tr
pl asfm d which co
D- N-car banoyl -[ e
were obtained in

(4)

(5)

(c) Physi

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

(10)
(11)
(12)
(13)
(14)
(15)
(16)

ragments of Pseudononas sp. KNK 003A ( FERM BP-3181) and
S obtained. Using this m xed ,-30- solution, Escherichia
transforned according to the conve

om
ansformed strains, particular trarREPLW@ENﬁ”{PSH@EW ving a
ntains a gene related to an enzyng ab-e—6t uu”\e ting
rr]-am no acids into—tﬁe-correspordlng err ming aci ds
t he same : ‘ 06 EB 9

feeble growth, growth along the stab line, growth

around the stab line, no gelatin liquefaction, white
to cream-colored, no change in transparency, no

change in the medium

Meat extract liquid culture:

medium growth, uneven turbidity, flock formatioen, no
surface growth |
Litmus milk: weak acid

iological Characteristic;

Nitrate reduction: # |

Denitrification: +

MR test: +

Vp test: -~

Indole formation: -

Hydrogen sulfide formatxon- -

Starch hydrolys;s- -

Cltrate ut;l;zation- - (Sxmmons medium)

Inorgan1c nitrogen source: + (nitrates, ammonium
salts)

Urease: -
Oxidase: +

Catalase: +

Growth range: 20-37°C, pH 6.5-8.5
Attitude toward oxygen: aerobic

O-F test: O type

Formation of acid and gas from saccharide:



manner as described in Exanple 2,
containing 100 ng/liter of IPTG was used in place

except that the I|qU|d nedlun1of Tabl e 2,

IIC

Tabl e 2. The plasm d contained in these strains was fi TAP

-t fAeeum of
ETihen,

fromthe above transfornmed strains, pPHD 301 was pnepared I N large

i PEBBRORER fuds " ©

quantities, followed by mapping, mhlch reveal ed t hat
shown in Fig. 2. Escherichia coli JM™139 -transfor nmgd
naned Escherichia coli JM 109 pPHD 301. Exanple 4 Sub
The pAHD 101 obtained in Exanple 2 was conpletely

D101

Acid formation, -; Gas formation, - (D-glucose)

(17) Malonate utilization: -

(18) Deaminase reaction of phenylalanine: -

{19) Decarbéxylase reaction: - (lysine)

(20) Arginine dihydrolase reaction: -

(21) Casein degradation: -

(22) DNA degradation: -

(23) Auxotrophy: none

(24) Utilization of carbon compounds:
D-Glucose: +
L-Arabinose: +
Saccharose: +
D-Fructose: +
Malonate: -
Ce;lobiose: +
Ethanol: -
D-Xyloée: +
.DFTarttate: -
Sorbitél: +
Citrate: -
Lactose: +
D-Mannitolé + .

Meso-inositol: + -

Raffinose: +

L-Rhamnose: +

Maltose: +



digested with Smal and EcoRl, and a 2.7 kbp Smal-EcoRl fragment was
obt ai ned by agarose gel electrophoresis. On the other hand, plasmd puUC 19
was conpl etely digested with Smal and EcoRl, and |igated with T4 DNA |igase
to the Snmal- EcoRl fragnent of pAHD 101, after which Escherichia coli JM
109 wWas transfornmed with this ligated plasnid and the@?ﬂ?ﬂﬁ@ERﬁﬁH‘S.H;T‘s
were cul tivated on an L-nedi um (1% pep8one, 0.5% yeas xt-r-aet—08-5%-50fi um
. 5 i i .
chl ori de, 1.5% 31 06 FEB 1997

a-Methyl-D-glucoside: +
D-Mannose: +

Salicin: -
N-Acetylglucosamine: +
Gluconate: -
Caprate: -
Adipate: -
Phenylacetate: -
Methanol: - -
(25) Egg york reaction:_-

(26) g-Galactosidase: +

(27) Esculin hydrolysis: +

(28) Cytochrome oxidase: + .

(29) Tween degradation: - (Twéen 80)

(30) 3-Ketolactose formation: -

Pseudomonas sp. KNK 003A (FERM BP-3181)
(a) Morphology: -

(1) Cell size and shape: 0.5-0.7 x 1.2-2.5 ym, rods
" (2) Cellular polymorphism: none
_(3) Motility: active
(4) Sporulaéion: none .
(5) Gram-staining: negative
(6) Colony shape: round, regular, entire, flat, shooth.

shiny, semi-translucent, buff

(b) Physiological Characteristics



agar; pH 7.0) containing isopropyl-1-thio-[err]-Dgal actoside (IPTQ,
5-chl oro-4-brono-3-indolyl-[err]-D-gal actose (Xgal) ;and anpicillin. The
pl asnm d ‘corresponding to pUC 19 contai ning the Smal-EcoRl fragnent of pAHD

101 forned white colonies w thout exhibiting blue col dm zggm@ﬁg E&r
t hesé white col onies were selected. To confirmthat th

have the desired enzyne activity, they re inoculated ijnto 10 m of
L-broth (1% peptone, 0.5% yeast extract, 0.5% sodi um dhljor J&efEBOI9RI i ng

100 ng/liter of ampicillin after cultivation of whichil|m of the cul fune
sol ution was harvested and the supernatant was renoved

—_——,

(1’ Lysis by 3% KOH: +
(2) Aminopeptidase: +
(3) Oxidase: +
(4) Catalase: +
(5) Cell growth
Anaerobic condition: -
3?/40°C: +/+
PH 5.6: -
Mac-Conkey agar: - .
SS agar: - -
Cetrimid agar: - .
(6) Acid formation (O-F test)
Glucose aerobic condition: -
- Glucose anaerobic condifibn: -
(7) Gas formation from glucosei -
(8) Acid fomation (ASS)
Glucose: +
Fructose: -
Xyloéé: +
(9) ONPG: -
(10) ADH: -
{11) ODé: -
(12) VP: - -

(13) Indole formation: =

{14) Nitrate feduction: -

(15) Denitrification: -



therefrom and the bacterial cells were suspended in 0.5 m of substrate

sol ution_(0.5% D-N-car banoyl - par ahydr oxy- phenyl gl ycine, 0.05% Triton

X-100, 0.1 M phosphate buffer; pH 7.0), followed by reaction at 37[err]C

for 3 _hours. This reaction mxture was spotted on TLC and devel oped,

fol lowed by staining with ninhydrin, resulting in g-spat of

D- par ahydr oxyphenyl gl yci ne whi ch was" i¥P agr eenent AHR, :

pl asmid contained in these transformed strains was name :

plasm d pAD 107 was prepared and partially hydrol yz§d with Sall, ffoljl oned

by agarose gel electrophoresis to give a 4.5 kbp ﬁre}gngr@tf:ﬁﬂma?ni n
: PR :

g S,
g B e

(16) Phenylalanine deaminase: -

(17) Levan formation from sucrose: -

(18) Lecithinase: -

(19) Urease: -

(20) Hydrolysis
Starch: -
Geratin: -~
Casein: -

DNA: -
Tween 80: -
Esculin: -

(21) Tyrosine degradation: -

(22) Utilization of various compounds
Acetate: weak
Adipaﬁe: -
Caprate: -
Citrate: -
Citraconate: -
Glycolate: -
Lactate: +
Levulinate: -
Malate; -
Malonate: -
Mesaconate: -
Phenylacetate: -

-Suberate: -



pUC 19 portion. This fragnent was circularized with T4 DNA |igase, and this
plasm d was used to transform Escherichia - 32 - eali JM109. The
trasformed strains were obtained fromthe L-nmediumc [

and bacterlal reactlon was conducted in the same nargne

D- N- car banoyl - par ahydr oxyphenyl gl yci-hetd nt o D- par ahyd ox&é FFE'I?”[%}J
The plasnmid contained in these transforned f

m-Tartrate: -
D-Tartrate: -
L-Arabinose: +
Fructose: +
Glucose: +
Mannose: +
Maltose: -
Xylose: +
Saccharose: - -
Trehalose: - -
Ribose: -
Saccharate: -
Hydroxybutylate: -
Benzoate: -
Mannitol: +
Gluconate: +
2-Ketogluconate: +
N-Acethylglucosamine: -
L-Serine: -
L-ﬁistidine: -
L-Vaiihe: -

(23) Main réSpiratory guinone type: ubiqguinone 10

Pseudomonas sp. KNK 505 (FERM BP-3182)

(a) Morphology:

(1) Cell size'and shape: 0.5-0.7 « 1.2-2.5 um, rods



strains was naned pAD 108. The pAD 108 was prepared formthe above

transforned strains, followed by mappi ng, which reveal ed that |t had t he

structure shown in Fig. 3. Escherichia coli JM 108

was naned Escherichia coli JM 109 pAD 108. The agceE

the Fernentati on Research Institute was FERM BP- 318

of pPHD 301 The pPHD 301 obtained im Beample 3 wds co %gwg 9 e;ted W th
0) 2 i

Accl, and a 5.2 kbp fragnment containing the pUC 18 porti
agarose gel electro- ]

(2) Cellular polymorphism: none

{3) Motility: active

(4) Sporulation: none

(S) Gram~staining: negative

(6) Colony shape: round, regular; entire, flat, smooth,
shiny, semi-translucent, buff

(b) Physiological Characteristics
(1) Lysis by 3% KOH: +
{(2) Aminopeptidasé: + .

(3) Oxidase: +

(4) Catalase: +

(5) Cell growth
Anaerobic condition: -
37/40°C: +/+
pPH 5.6: -

Mac-Conkey agar: -
§S agar: -
Cetrimid agar: -

(6) Aéid formation (O-F test)
Glucose aerobic condition: -
Glucose anaerobic condition: -

(7) Gas forﬁation from glucose: -

(8) Acid formation (ASS)
dlucose: + -

" Fructose: -

Xylose: +



phoresis. This fragnment was circularized with T4 DNA |igase, and this
pl asm d was used to transform Escherichia coli JM 109. The trasforned
strains were obtained froman L-nedi um contai ni ng anpicillin and bacterial
reacti on was conducted in the sane manner as describhed |n Exanple 4,
t her éby obtaining transforned strains havi-ng the -3"pﬂx

D- N- car banoyl - par ahydr oxyphenyl gl yci ne into D-par ghyg
The plasm d contained in these - 338 -
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(9) ONPG: -

(10) ADH: -

{11) ODC: -

{12) VP: -

(13) Indole formation: -

(14) Nitrate reduction: -

(15) Denitrification: -

(16) Phenylalanlne deamlnase~ -

(17) Levan formation from sucrose: -

(18) Lecithinase: -

(18) Urease: -

(20) Hydrolysis
Starchﬁ -
Geratin: -
Casein: -

DﬁA: -
Tween 80: -
Esculin: -~

(21) Tyrosine degradation: -

(22) Utilization of various compounds
Acetate: weak
Adipaté: -
Caprate: -
Citrate: -
Citraconate: -

Glycolate: -



transforned strains was nanmed pPD 302. Then, the plasm d pPD 302 was
prepared and conpletely digested with Sphl and Accl, after which a 1.8 kbp
Sphl - Acél fragnent was obtai ned by agarose gel eJectrophoreS|s On the

ot her hand, plasm d pUC 19 was conpletely digested with Sphl and Accl‘jand
| i gat ed mnth T4 DNA |igase to the Sphl-Accl fragngg mijer
whi ch Escherichia coli JM 109 was t+ah4forned mﬁthgﬁg?é£$5&§fgsﬂ 4m d.
The trasfornmed strains were obtained froman L-nmedi um contai ni ng :

anpicillin, and bacterial reaction was conducted iin it hg &RRB 1997Nngr as '
described in Exanple 4, thereby obtaining transforimdd strains haviing the
ability to

Lactate: +
Levulinate: -
Malate: -

Malonate: -
Mesaconate: -
Phenylacetate: -
Suberate: -
m-Tartrate: -
D-Tartrate: - -
L-Arabinose: + -
Fructose: +
Glucose: +
Mannose: +
Maltose: -

Xylose: +
Saccharose: -~
Trehalose: -
Ribose: -
Saccharate: -
Hydroxybutylate: -
Benzoate: -
Mannitél: +
Gluconate:-+ -

2-Ketogluconate: +.

N-Acethylglucosamine: -

L-Serine: -



convert D- N carbanoyl - par ahydr oxyphenyl gl ycine into D

par ahydr oxyphenyl gl yci ne. The plasm d contained in these transforned
strai ns was naned pPD 304. The plasnid pPD 304 was prepared fromthe above
transforned strains, followed by mapping, which revealed that it had the
structure shown in Fig. 4. Escherichia coli JM 109 transformed with pPD 304
was naned Escherichia coli JM 109 pPD 384T The acces r~f rom
the Fernmentation Research Institute was FERM BP-3183. fsi on
of D-N-carbanoyl-[err]-amno acid into

L-Bistidine: -
L-Valine: -

(23) Main respiratory quinone type: ubiquinone 10

To obtain a gene from these strains, which is
related to an enzyme capable of converting D-N-carbamoyl-a-
amino acids by removal of their carbamoyl groups into the
corresponding D-a-amino acids, usually, éenetic DNA is
extracted from the chromosome of microorganisms according to
the conventional procedure,.after which a DNA fragment
containing the desired.géne is obtained and subjected to an
analysis'for its base sequence. Moreover, microdrganisms
which produce an enzyme capable of converting D-N-carbamoyl-
e—amino acids by removal of their carbamoyl groups intd the
correspondimg D-a-amino acids, as well as transformed
microorganisms into which this enzyme gene has been
incorporated, are cultivated, and the produced:enzyme is .
pur;fied. after which the molecular weight of its protein is
determined and the amino acid sequence in the vicinity of
its amino terminus ié deteimined by a ganphase protein
sequencer or the like. Then, this DNA Bééé sequence ié
compared with tme amino terminal sequence of the protein, so
that the initiation site for genetic translation into a
protein, of the base sequence portibm éhcoding an enzyme
ptotein which is related to removal of carbamoyl groups is

determined, and taking into consideration the relation to



D-[err]-amno acid with enzyme obtained fromtransformed strains:- =~ - 34

- Using the plasm d pAD le 4, Escherichia coli JM 109
was transformed. This st {aTRISBHEETUHAS BEENd)| i n L- 1ﬁ¥' Ui 100 °
[err]g/m of anpicillin gnd 10BEPLACER/ i of | PTG A 1 6 hours.

From 100—nt—of—this culture sorutton, bacterial delll s wereira
t hen su %ﬂe%ﬁ{ds%e&k%leeKPB (pH 7.0) to16he vol ure OfO%OFfé 1997

AR

the molecular weight of the protein, it is confirmed that
the enzyme protein is encoded in thé gene portion extending
from this site to the termination codon, thereby verifying
the desired gene (Molecular Cloning, A Laboratory Manual,
2nd Ed., Cold Spring Harbor Laboratory Press, Chaps. 4 and
13). According to these procedures, DNA fragments of SEQ ID
Nos. 1 and 2 in the accompanying Sequence Listing were

obtained from the strains Agrobacterium radiobacter KNK 712

and Pseudomonas sp. KNK 003A. The thus-obtained gene

encoding the éﬁove enzyme-and/or DNA fragment containing
this gene are equivalent to DNA fragments having another
base sequence vhich encodes an amino acid sequence
correspdnding‘to the above gene and/or DNA fragment because
one amino acid usually corresponds to a.pluralityuof base .
codons, and this fact is obvious.
' As the vector used in the present invention,
--plésmids, phages, -or derivatives thereof can be used, which
are derived from microorghnisms and cap bé autonomously
grown in'cells of ‘a bacteria beionging to the genus

Escherichia, Pseudomonas, Flavobacterium, Bacillus,

Serratia, Croynebacterium, or Brevibacterium. For example,
host-vector syséems described in "Guidelines on Recombinant
DNA.Experiments“ (E3., the Life Science Section of the
Research Development Office. in the Science and Technology
.Agency: revised on September ‘16, 1987), page 55, can be

used. Moreover, vectors, which have been modified to have a



This was subjected to ultrasonication while cooling with ice, followed by
centrifugation to give the supefnatant as a crude enzyne sol ution. Using
this crude enzyme sol ution, reaction was condqued with various kinds of
D- N-car banoyl - [err]- amnoemldshlilnTHMe’“ : To 2 m
of 40 nM D-N-car banoyl -c-am no acid (Table 3)
[err]] of the above crude enzyne squtiBn wer efadded, thereby
react at 40[err]C for 20 m nutes, and the anouht ofO&F[EeB b;a
produced was determ ned. The results are shownfip_Table 3. Mor
was a 10-fold inprovenent in the specific acti

D- N-carbanoyl -[err]- amnmi no acid am dohydr ol ase-o
at

owng to
acid
er, there

from JM{103 pAD 108

strong structural promoter for the purpose of increasiné_the-
amount of enzyme to be produced, can also be used.

The preparation of a recombinant comprising a
vector DNA and a gene-containing DNA fragment can be
conducted by freely using the known in vitro recombinant DNA
technique. The in vitro DNA recombination is usually
conducted by cleavage and ligation (ligase reactionf of a
vector DNA and a donor DNA containing the desired gene
(e.g., see the specificatioans of Japanese Patent Application
No. 56-211908 and United étates Patent No. 4,237,224). Many
kinds of recombinant DNA, in addition to the desired
recombinant DNA, are produced by ligase reaction, and
therefore, for the pﬁrpose of selectively'obtaining fhe

desired recombinant DNA, microorganisms belonging to the

genus Escherichia, Pseudomonas, Flavobacterium, Bacillus,

Serratia, Croynebacterium, or Brevibacterium may be directly

transformed with a ligase reaction mikeu:e, and the
resulting transformants on whichli the inherited character
from the genetic information of the deéirea éene has Seen
conferred may be selectively separeted, and the desired
recombinant DNA may be extracted and isolated from their
cultured bacterial eells; -

For example, the recombinant can also be obtained
without direct transformation of bacterial species belonéing
to any one of the above genera; that is, the desired gene ie

once cloned in a host vector system using other micro-



this time as conpared with a crude enzyne soluti0;~1
KNK 712 (Ferm BP-1900) Exanple 7 Conversion of D-=?@§LQ

acid into D-[err]-amino acid with enzyme obt ai ned]f fomt+ | _
strains:- Using the plasnm d pPD 304 obtained in Exafple 5 Escherjchia col
JM 109 was transfornmed. Fromthis st r_ailn, _ 35 06FEB 1597 {

B

organisms, such as Escherichia coli, after which recombinant
DNA with an appropriate vector is in vitro produced, and
then the above bacterial species are transformed, followed
by selective separation of tranéformants in the same manner
as described above. |

The description of the following documents can be
widely abplied to the préduction of recombinants: the
specification of United States Patent No. 4,237,224 to S.N.
Cohen, et al.; “Idenshi-sousa Jikken-hou (Experimental
Method of. Gene Manipulation)" [Ed., Yasuyuki Takagi, Kohdan-
sha Scientific (1980)1; Method in Enzymdogy, 68, Récombinant
DNA {Ed., Ray Mv, Academic Press (1979)]); the specification
of Japanese Patent Application No. 56-211908, etc.

In the case of Escherichia coli transformed with

various kinds of recombinant DNA, a method for sélecting(
from the transformed strains, paftichlar transformed strains
which have tlie desired gene, i.e., the gene qf a particula;
D-N-carbﬁmoyl-u-amino acid amidohydrolase; and in which that
gene has been expreséed, is conducted as follows: colonies
of the transformed strains are first grown on the plate
containing a selection marker, such as ampicillih. Then,
various colonie; of these transformed strains having the
recombinant'DNA are collected and suspended in physiological
saline, .after which this suspension is inoculated on the
minimum liquid medium conﬁaining a particular D-N-carbamoyl-

a-amino acid as a sole nitrogen source. On this medium,



a crude enzyne solution was obtained in the sanme manner as described in
Exanple 6. Using this crude enzyne sol ution, reackrenmmas“ponducted in the
sane mariner as described in Exanpl e 6. The resulté.areléh;“.
There was a 40-fold inprovenent in the specific agty i
carbanoyl -[err]-ami no acid am dohydrol ase obt ai nej
this tine as conpared with a crude eni$ne sol uti g
003A (FERM BP-3181). Exanpl e 8 Conversion of i

D- N- car banoyl - par ahydr oxyphenyl - gl ycine into D-parahydroxyphen
wi th enzynme obtained fromtransformed strains: -

only transformed strains capable of utilizing the D-N-
carbamoyl-a-amino acid, i.e., transformed strains on which
D-N-carbamoyl-s-amino acid amidohydrolase activity has been.
now conferred, can be grown. The culture solution thus
obtained is inoculated on the above minimum medium, and such
an operation is repeated, resulting in an enrichment of the
desired transformed strains. From this enriched culture
solution, bacterial cells are separated acéording to the
conventional method, and the separated transformed strains
are cultivated to make a bacterial reactioh with a D-N-
carbamoyl-ec-amino acid as a substrate, whereby the
transformed strains containing the desireé gene éan be .
obtained by confirming the pfoﬁug;ion of a ﬁ-éQamino acid.
From the transformed strains thus obtained,
recombinant DNA is extracted aécérding to the conyentional
method, such as a method using alkali denaturation (see
Molecular Cloning A Laboratory Manual, 2nd Ed., Cold Spring
Harbor Laboratorj P;ess, Chap. 1); the structural gene of
the desired enzyme in the DNA fragments containing the
éloned desired gene is subcloned and unnecessary DNA is
removed; recombinant DNA modified to have a strong promoter
is prepared in é vector; the above host bacteria are
transformed therewith; and the resulting transformed strains

are used to increase the amount of the desired enzyme to be

produced.



Using the plasm d pAD 108 obtained in Exanple 4, Escherichia coli JM
109. was transformed. This strain was cultivated in.the sane manner as
described in Exanple 6. From 100 m of the cuIture}@ﬁWw
cell's were. harvested, and washed with 0.1 M KPB (jpH-~5-=
wer e ‘'suspended in 100 M of 5% D-N-car banoyl - para-j hydr ji Q
0.05% Triton X-100, and 0.1 MKPB (pH %00y, folloged bl Bri ;
40[err] C for 20 hours to cause reaction. The reacti '

was subjected to centrifugation at 6000 rpmfor 1§

bacterial cells, and pH was decreased to 2.7 by abe#ian.of concent}ated
hydrochl oric acid, followed by adsorption on '

The introduced character of the recombinant DNA can
be expressed by cultivating the transformed strains on a
conventional nutrient medium. In cases where the character
from the gene DNA or vector DNA is conferred on the
recombinant DNA, any.drug may be supplemented'to the medium
depending upon that character.

To take the transformed strains thus obtained, as a
source of enzyme supply, culture may be prepared with the
use of a conventional medium, and when necessary, it is also
possible. to. conduct a treatment for enzyme induction, .such
as an addition of hydantoin compounds, D-N-carbamofl—c-amino
acids, isopropyl-l-thio-g-D-galactosides (IPTIG), or the
'lrke, and a temperature 1ncrease.

Usually, the medium used for cu1t1vat1ng the
transformed strains may be a conventional medium containing
carbon sources, nitrogen sources, and 1norgan1c ions. 1If
organic tracenutr;ents, such as vxtamlnes and amino aczds,
are added thereto, satisfactory results may be obtained in
may cases. As the carbon sources, carbohydrates, such as
glucose and sucrose; organic acids, such as acetic acid;
alcohols, and the like, are-conveniently used. As the.
nicrogen sources, ammonia gas, ammonia water, ammonium
salts, and the like, are used. As the inorganic ions,

phosphate ion, magnesium ion, potassium ion, iron ion, and

the like, may be used.



t he cation exchange resin IR 120B (Herr] type) and elution with 5%
NH err] CH Then, the eluates were desalinized w tfi-TRC 84 36_- (Herr]
type) ard decolorized with an AF resin. The decol pri Zed. Bﬁfm'ﬁ’lﬁﬁﬂps

concentrated to allow crystallization, and the d§p05|t66‘““ysra#s WEre
recrystallized fromwater to give 3.8 g of white; rfygt al.s

ded 9
exhi bited the specific rotation [erT]2% =158 (C ?%E@l?ﬁ7 dd §gave a
single spot on TLC, and the IR spectrumthereof 5 .y §

A S— . 1

If culture is prepared under aerobic conditions for
1-10 days, while adjusting the pH and temperature to an
appropriate range of 4-8 And 25-45°C, respectively, it is

"possible to obtain desirable results.

Examples of the embodiments acting as an enzyme
prodﬁcéd by the transformed strains include culture
solutions of the transformed strains, bacterial cells,
treated bacferial cells, enzymes extracted from bacterial
cells, immobilized bacterial cells, and theilike.-

As the bacterial cells, any of the culture solution
as it is after completion of cultivation, bacterial cells
separated from the cultufe solution, washed bacteria; cells,
and the like, can be used. As the treated bacterial cells,
lyophilized bacterial cells, acetone-dried bacterial cells,
bactérial cells brought into contact with ﬁoluene or
detergents, lysozyme-treated bacterial cells, bacterial
cells exposed to ultrasonic wavés,'mechanically ground
bacterial cells, and the like, éan be used, as well as
enzyme extracts having the enzymé activity to convert D-N-
carbamoyl-e—amino acids obtained from these treated
bacterial cells, by removal of their carbamoyl groups iﬁto
the correspondi&g D-a—-amino-acids; these immobilized
bactgfial cells; insolubilized treated bacterial cells;
enzjmé'proteins fixed on a support for immobilization (e.g..,
aniohégxéhange resin), and'the like. For an immobilization

method, for example, it is possible to make reference to the



agreenent with that of the D-parahydroxyphenyl glycine standard. Exanple 9
Preparation of fixed D-N-carbamyl-[err]-am no acid am dohydrol ase:- After

200 m of the culture solution obtained, in the sa -3 i bed in
Exanple 6, fromthe strains of Escheri chia col i JM_ JA@MQEH@M&fﬂw h pAD
108 was harvested, they were washed with 0.1 MKPB {p an&isus ended

in 20 M of 0.1 MKPB (pH 7.0), follo by ultras nlcaFf FE E
bacterial cells. ‘This suspension of disintegrated Badteria q9—-ﬁa

subj ected to

specification of Japanese Patent Laid-open Publication No.

63-185382.

As the support used for immobilization, suited are
phenol-formaldehyde anion exchange resins, such as Duolite
AS568 or DS17186 (Rohm & Haas Co.: registered trade mark);
and various anion exchange resins containing various amines,
ammonium salts, or functional groups. of the diethanolamine
type, for example, polystylene resins, such as Amberlite
IRA935, IRA945, IRA901 (Rohm & Haas Co.: registered trade
mark), Lewatit OCl1037 ;Bayen»A.G;: registered trade mark),
and Diaion EX-05 (Mitsubishi Chemical Industries Lid.:
registered trade mark). Other supports, suéh as DEAE-
cellulose, can also be used. | _

Further, to obfain stronger and more_stable
adsorpgion of enéymes, usually, cross-linking agents are
used, the prefér:ed exaﬁﬁles thereof being glutaraldéhydé.-

As thé'enzyme to be ﬁsed, not only purified enzymes, -but
also those with d;fferent degrees of purifxcation, such as
partxally purified enzymes, suspensions of disxntegrated
bacterial cells, and cell-free extracts, can be used.

The preparation of immobilized enzymes can be
conducted by using an enzyme solution and the conventional
method in which, for example, enzymes are adsorbed on a
support, followed by cross—-linking treatment.

D-N-carbamoyl-a-amino acids, which are used as a. -

substrate of the enzymatic reaction of the present



centrifugation at 12000 rpmfor 20 minutes to give
crude enzyne solution. To this crude enzyme sol uti opRF
resin Ddolite A-568 equilibrated with 0.1 MKPB (pH 7
stirred at 4[err]C for- 15 hours to nake the enzyne j
thi s sol ution, glutaral dehyde was added to have a fj
0.1% and stirred for 1 hour, followeddby cross-Iig
which the resin was col |l ected - 37 - !

invention, can be represented by the formula: R-CH(NHCONH,)-
COOH, and as a practical embodiment, in cases where the
enzyme used has strict stereoselectivity to D-N-carbamoyl-
a-amino acids, it can be used as the D-form or a mixture of
the D- and L-forms. Moreover, in case§ whgre the stereo-
selectivity is not strict because enzymes also act on L-
carbamoyl amino acids, or where enzymes are used as an
enzyme mixture also acting on the L-form thereof, it is
preferred that only enzymes.of the D-form are used to
-.produce a-amino acids of thg.D—form.

‘The substituent R can be selected in a wide range,
as described in the specifications of Japanese Patent
Publication Nos. 57-18793, 63-20520, and 1-48758; in
particular, to provide industrially useful compounds, such
as intermediates of drugs, it is prefefted that R is'phenyl,
phenyl substituted with hydroxy, alkyl, substituted alkyl,
aralkyl, or thienyl. 1In the case of phenyl substituted with
hydroxy, the number of ﬁydroxy is one or more, and they may
be attached at any of o-, m-, and p-positions, with the
typical example thereof being p-hydroxyphenyl. The alkyl
group is such a group of 1-4 carbon atoms that the |
corresponding aﬁino acid becomes D-alanine, D-valine,
D-leucine, D-isoleucine,.or_the like; The subétituted_alkyl
group¥}s such an alkyl having 1-4 carbon -atoms substituted
with hydroxy, alkylthio, carboxyl, amino, phehyl.'phenyl

substituted with hydroxy, amido, or the like, that the



by filtration and washed with 0.1 MKPB, resulting in 2 g of fixed

D- N-car banoyl -[err]-am no aci d am dohydr ol ase. Exanple 10 Conversi on of
D- N- car Banoyl - par ahydr oxyphenyl - gl yci ne i nto D parahydroxyphenyl gl yci ne
with inmobilized enzyme:- Two grams of IﬁﬁDbI|Izedg_““‘—~—~—___“mﬂ“
D- N-car banoyl -[err]-am no acid am dohydr ol ase obtalggaﬁéﬂfﬁﬁﬁﬁpl _were
added to 100 ml of 2% D- N-car banoyl - pat&hydr oxyphefyl[g yc ‘M KPB
(pH 7.0), and stirred at 40[err]C for 20 hours, whil P pH at
7.0 by addition of 1 N HO, thereby causing reactl n [ i on
the m xture was allowed to

correspondihg amino acid becomes D-serine, D-threonine,
D-methionine, D-cysteine, D-asparagine, D-glutamine,
D-tyrosine, D-tryptophane, D-aspartic acid, D-glutamic acid,
D-histidine, D-lysine, D-arginlne, D-citrulline, or the
like. The aralkyl group is such a group having 7-8 carbon
atoms, for example, benzyl or phenthyl, that the
corresponding amino acid oeeomes D-phenylalanine or the
like. |

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

| In_cases where, while cultivatlng the bacterial

cells of the above microorganisms in a waterrsoluble medium,
the bacterial cells are brought into contact with a .
particular D-N-carbamoyl-a-amino acxd, an aqueous medrum
containing not only a D-N-g-amino acid-but also nutrlents
required for the growth of microorganisms, such as carbon
sources, nitrogen sources, and'inorganio'iohs,'is ased.’
Further, if organio tracenutrients, such as.vitamines and
amino acids, are added thereto, satisfactory results can be
obtained in many cases. As_the oarbon sources, carbo-
hydrates, such as glucose and sucrose; oroanio acids, sucﬁ

as acetic acid; alcohols, and the like, are conveniently



stand, and the reaction mixture was col i ected by suction, after which the
produced am no acid was purified in the sanme manner ribed in Exanpl e

8 to give 1.5 g of D- parahydroxyphenyl glycine.. - | RBPEACEMENT SHEET

S

- 25 -

used. As the nitrogen sources, ammonia gas, ammonia water,

- ammonium salts, and.the.like, are used. As the inorganic
iohs, phosphate ion, magnesium ion, potassium ion, iron ion,
and ‘the like, may be used. |

. The cultivation.is conducted under aerob;c
conditions, while adjusting the pH and iemperature to an
appropriate range of 4-8 and 25-45°C, respectively. If the
cultivation is conducted for 1-10 days, D-N-carbamoyl-a-

amino acids can be converted into only D-a—amino acids with

high efficiency.

To the contrary, in cases where the cu;ture-
solution of the above microorganismé is allowed as it is; to
react with culﬁivated bacterial cells, treated bacterial
cells, enzyme extracts, immobilized bacterial cells,
insolubilized bacﬁeriai'ce11s, or.fixed énzymé'pfqtéiné, i@
an aqueous medium containing.a particular D-N-carbamoyl-
a-amino acid dissolved or’ suspended, the Treaction mixture
may be'éiloﬁea-ﬁd sﬁéha'fogfsomé ;ime,ér_séir}éﬂ; while
maintaining af an appropriaﬁe tempefature of 10;86°C-and pH
of 4-9.5. Thus, if 5-100 hours have run their course, the
corresponding D-a-amino acid is.p:oduced'in';arge guantities
and enriched in.the aqueous.medium. Moreover, the D-N-
carbamoyl-ec—-amino acid may be added in separéte portions
with the progress of reaction. The produced D-cfamiﬂo acid

can be separated and purified by a conventidnal'separation
method.



D-[err}—fﬁﬁﬂﬂ}—aefd—~—iﬁm&—pla

- 39 - Exanple 11 Anal ysis of uence for tpgTe
derived from Agrobacterium sp. THSKSHEE (A -’1900)5;11 .
converti’ng D-N-car banoyl - [er“] am REPBSEED _Lhe cQ

I ng t; of a DN
car banoyly. gt i een am dohydrolz%se (hereinaft Fgﬂ 19@7a
am dohydr om Agr obacteri um sp. KNK 71g(

di gest ed n endonucl eases EcoRl and Hi
Takara Sh

and a 1.8 kb DNA fragnent was 3

The D~c-amino acid thus obtained can be represented

by the formula: R-CHNH,COOH (R is as defined above)

Examples

The following will describe the embodiments of the
present invention. The D-a—amino acid produced was detected
and determined by high performance liquid chromaiography
(HPLC) or thin iayer-ch;omatography (TLC) .

Example 1

Preparation of recombinant DNA comprising

chromosome DNA from Agrobacterium radiobacter KNK 712 (FERM

BP-1900) and vector DNA:-

Agrobacterium radiobacter KNK 712 (FERM BP-1500)

was cultivated in 2 liters of L-broth (10 g of
peptone/liter, 5 g of yeast extract/liter, 5 g of sodium
chloride/lifer;.pH 7.0) at 33°C for 27 hours, after which
cultures were harvested to give 20 g of bacterial cells.
From the bacterial cells obtained, chromosome DNA was
extracted according to the Marmur method. To 250 ug of this.
chromosome DNA, 2 U of Sau3Al were added, and allowed to
react at 37°C for 30-ﬁinutes,_thereby causing partial
digestion. Frcﬁ the partially digested DNA, 4-9 kbb DNA
fragments were obtained by agarose gel electrophoresis. On
the other hand, plasmid pUC_18 was completely digested with
BamHI, and ligated with T4 DNA ligase to the above-obtained

DNA fragments from chromosome, resulting in a mixed solution



for preparation by agarose get—electrophoresis. This fragment was digested

jat ed ymtl1 T4-DNA |i gase
(manuf actured by Takara Shu npl8 oy ML nartes

Escherichia coli JM 109 was% resjlzungmnﬂ Fhé;igp

of a’ pIaqgg_;ﬂm:;494ﬁﬂfkﬁ+aque was |?8culateo'|nto 1.5 M of 2YT madijum
(16 g/l of bactotr pton c of yeast extQ&ckER %gf)o
and 5 g/l oﬂm “ 196JN|109 had been i noc

| at ed, and ’supj
to shaking c I r]C for 5 hours. After cekntrifug Of ul of

20%)polyethyl 00 and 25 M Nad sol ution-were_added tot

of various recombinant plasmids.

Example 2

Selection of plasmid derived from Agrobacterium

radiobacter KNK 712 (FERM BP-1900)'and'containing gene
related to conversion of D-N-carbamoyl-e-amino acid into the
corresponding D-a-amino acid:-

Using the mixed plasmid solution of Example 1,

Escherichia coli JM 109 was transformed according to the

conventional method. This was inoculated on the medium of

Table 1,.containing ampicillin as a selection marker.

Table 1

Polypéptdne ' 1 gf
Yeéast extract 0.5 g
Sodium chloride - 0.5 g
Ampicillin o 100 mg
Ager ' 15 g

Water was added to the .volume of 1 liter (pH 7.0).

The grown colonies were collected and inoculated
into the liquid medium of Table 2, containing D-N-carbamoyl-

alanine as a sole nitrogen source, followed by cultivation.



supernatant, and allowed to stand at roomtenperature for 15 mnutes, after
whi ch phage particles were recovered as a precipitate by centrifugation.
This was dissolved in 100 [err]| - 40 - of TE solution 10 nM Tris HC
(pH 8.0), 1 nM EDTA], and extracted with 50 [err]| q; -phenol (saturated

wi th TE solution), after which 10 [erL]?a'_ 3 leodqu\ Qs n and
250 [err]l of ethanol were added and allowed to sta éﬁé

-20[err]C, followed by centrifugation. After drying, 1
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Table 2 )
Na,HPO, 69

KH,PO, 34

NaCl _ 0.5 g

MgSO, 0.12 g

cacl, ' 11 mg

Glucose ) 2 g

Ampicillin : 50 mg

Thiamin 1 mg
D-N-Carbamoyl-alanine lg

Water was added to the volume of 1 liter-(pH 7.0).

Only the transformed strains expressing the desired
gene can be grown on the medium of Table 2 by utilizing
D-N—carbamoyl-alanlne as a nitrogen source. The culture
solution in the medium of Table 2 was inoculated into the
same medium as used above, and this operatzon was repeated
for enrichment of the desired transformed strains. From the
enriched culture solution, the transformed strains were
purely separated with the medium of Table 1. These purely
separated cells were inoculated into 10 ml of L-broth (10 g
of peptone/liter, 5 g of yeast extract/liter, S g of sodium
chloride/liter; pH 7.0) eodtaining 100 mg/liter of
ampicillin, and incubated at-37°C for 16 hours, after which
1 ml of the culture solution was harvested and the

supernatanE was removed therefrom, followed by'sdspension of



precipitate was dissolved in 50 [err]l of TE solution. Then, 7 [err]| of

this solution was used for reaction, electro- phoresj and autoradlography
with the aid of a DNA sequence kit (nanufactured by %REpp,;k
Bi ochem cal Corp.) using SEQUENASE (registered tradié

according to its instruction manual . _Frgmthe result
base sequence of am dohydrol ase gene “for the strain

as shown by SEQ ID No. 1 in the acconpanying SequenceﬁLLgLngrrUanH
Anal ysi s of DNA base sequence for the gene of enzyng derive

Pseudononas sp. KNK 003A ( FERM BP-3181)

e e

e S

the bacterial cells in 0.5 ml of substrate solution (0.5§
D-N-carbamoyl-parahydroxyphenylglycine, 0.05% Triton X-100,
0.1 M phosphate buffer (hereinafter referred to as KPB); pH
7.0) and allowing to react at 37°C for 3 hours. This
reaction mixture was spotted on TLC and developed, followed
by staining with ninhydrin, resulting in a spot of
D-parahydroxyphenylglycine which was in agreement with the
standard. From this fact, it was confirmed that the
transformed strains purely separated have a plasmid
containing a gene related to.the desired enzyme. The
plasmid contained in these strains was named pAHD 101l.
Then, ffom the above transformed strains, PAHD 101
was prepared in large quantities according to the alkali
denaturatzon method, followed by mapping, which reveled that

it had the structure shown in Fig. 1.

Escherichia coli JM 109 transformed with pAHD 101

was named Escherichza coli JM 109 PAHD 101.

Example 3

Selection of plasmid derived from Pseudomonas sp.

KNK 003A (FERM BP-3181) and contaiping gene gelated to
conversion'of.D—N—carbamoyl-u-amino acid into the
corresponding D;a-amino acid:-

' In the same manner-as described in Example 1, a
mixed solutioh of various recombinant plasmids formed from

chromosome DNA fragments of Pseudomonas sp. KNK 003A .(FERM

BP-3181) and plasmid pUC1l8 was obtained. Using this mixed



and capabl e of converting D-N-carbamoyl-[err]-amno acid into the
correspondi ng D-a-am no acid: The plasm d pPD 304 contai ni ng am dohydr ol ase
gene derived fromthe strain KNK 003A was di gested w tj
endonucl eases BanmH and Hindl Il (rmanufactured by Takara
and a 1.8 kb DNA fragnment was separatedzfor preparati
el ectrophoresis. This fragnment was di gested wth vari @u G%t‘fE§
endonucl eases, and ligated with T4-DNA | i gase (Takara Shuzo

tf98?

solution, Escherichia coli JM 109 was transformed according

to the conventional method. From these various'transformed.
strains, particular transformed strains having a plasmid
which contains a gene related to an enzyme capable of
converﬁing b—N-carbamoyl-u-amino acids into the
corresponding D-e—amino acids were obtained in the same
manner as described in Example 2, eXcept'that the liquid
medium of Table 2, containing 100 mg/liter of IPTG, was used
in place of the liquid medium of Table 2. The plasmid
contained in these strains was named .pPHD 301l.

Then, from the above transformed stfains} pPHD 301
was prepared in large quantities, followed by mapping, which
revealed that it had the strﬁcture shown in Fig. 2.

Escherichia coli JM 109 transformed with pPHD 301

was named Escherichia coli JM 109 pPHD 301.

Example 4 '

Subcloning of pAHD lbl ‘

‘The pAHD 101 obtained in Example 2 was completely
digested with SmaI and EcoRI, and a 2.7 kbp SmaI-ECORI
fragment was obtained by agarose gel electrophoresis. On
the other hand, plasmid pUC 19 was completely digested with
‘Smal and EEQRI,-and ligated_with T4 DNA ligase to the Smal-

EcoRI fragment of pAHD 101,_after which Escherichia coli JM

109 was transformed with this ligated plasmid and the
transformed strains were cultivated on an L-medium (1%

peptone, 0.5% yeast extract, 0.5% sodium chloride, 1.5%



- 41 - Co., Ltd.) to ML3npl8 or ML3npl9, after which Escherichia coli JM
109 was infected therewith, resulting in the formation of a plaque. This
single plaque was inoculated into 1.5 m of 2YT nmedi-um (16 g/l bactotrypton
(Difco Co.), 10 g/l yeast extract (Difco Co.), and 5 g/l NaC) into which
1% JM 109 had been inocul ated, and su hegted to shakL% : rr]C
for 5 hours. After centrifugation, 2007 [err]|l of 20% puq

stand at roomtenperature for 15 mnutes, after whic
recovered as a precipitate by centrifugation. This w

T e ey

agar; pH 7.0) containing isopropyl-l-thio-s-D-galactoside
(IPfG), 5-chlor6-4—bromo-3-indolyl-s-D—galactose (Xgal) and
ampicillin.

The plasmid corresponding to pUC 19 containing the
SmaI-EcoRI fragment of pAHD 101 formed white colonies
without exhibiting blue color, and therefore, these white
colonies were éelected. To confirm that these selected
bacteria have the desired enzyme activity, they were
inoculated into 10 ml of L-broth (1% peptone, 0.5% yeast

“extract,.O.S%.ébdium chloride) containing 100 mg/liter of
ampicillin after cultivatién of thch 1 ml of the culture
solution was harvested and the supernatant was removed
therefrom, and the bacterial qells were suspended in 0.5 ml
of substrate solution (0.5% D—N4carbémoyl-pafahydrﬁxf—
phenylglycine, 0.05% Triton x-loo, 0.1 M phbsphate buffet:
pH 7.0), followed by reaction at 37°C for 3 hours. This
reaction mixture was spotted on TLC and developed, félléwed
by stéining with ninhydrin, resulting in a spot of _
D-parahydroxyéhenylglycine wﬁich was in agreement wigh the
standard. The plasmid contained in these transformed
strains was named pAD 107. |

Then._éhe plasmid pAD 107 was prepared and
partially hydrolyzed with Sall, followq@ by agarose gel
electrophoresis to give a 4.5 kbp fragment containing the
pUC 19 portion. This fragment was circularized with T4 DNA

ligase, and this plasmid was used to transform Escherichia




di ssolved in 100 [err]l of TE solution [10 M Tris HOJ (pH 8.0), 1 nM
EDTA], and extracted with 50 [err]l of phenol (saturg with TE solution),
after wHich 10 [err]l of 3M sodi um acet ate sol uti on EREP] AT dmerr
et.hanol were added thereto, and allowed to stand ovdr i""']C,
foll bwed by centrifugation. After dryi rag - he precipitiate was di ssolivdd in
50 [err]l of TE solution. Then, 7 [err]]l of this soPud|035W5 EBu9e7
reaction, electrophoresis, and autoradi ography withjthe_aid.of a
sequence kit (manufactured by United States Blochenﬂcal Corp.) using |
SEQUENASE (regi stered trade mark) ver. 2, accordi ng~to-t+ts—nstructiqn
mannual . Fromthe results obtained, the DNA base sequence of am dohydrol ase

coli JM 109. The trasformed strains were dbtained from the
L-medium containing ampicillin and bacterial reaction was
conducted in the same manner as described aboée, thereby
obtaining transformed strains having the ability to convert
D-N-carbamoyl-parahydroxyphenylglycine into D-parahydroxy-
phenylglycine. The plasmid contained in these transformed
strains was named pAD 108. The pAD 108 was prepared form
the above transformed strains, followed by mapping, which
revealed that it had the structure shown in Fig. 3.

Escherichia coli JM 109 transformed with pAD 108

was named Escherichia coli JM 109 pAD 108. The accession

number given from the Fermentation Research Institute was
FERM -BP-3184.

Example 5

Subcloning of pPHD 301 _

The pPHD 301 obtained in Example 3 was éompletely
digested with Accl, and a 5.2 kbp fragment containing the
pUC 18 portion was obtained by agarose gel electro—
phoresis. This fragment was c1rcularxzed with T4 DNA

ligase, and this plasmid was used tO'transform Escherichia

coli JM 109. ThHe trasformed strains were obtained £rom an
L-medium contaihing ampicillin and bacterial reaction was
conductea in the same manner as described in Example 4,
thefeby obtaining transformed strains having the abiiity to
codvert D-N-carbamoyl-parahydrbxyphenylglycine into

D-parahydroxy-phenylglycine. The plasmid contained in these



gene derived fromthe strain KNK 003A was determ ned as shown by SEQ I D No.

2 in the acconpanyi ng Sequence Listing. - 42 - Exanple 13 Purification
of D-N-carbanoyl -[err] -ani dohydrol ase deri ved fron1Agrobacter|un1sp KNK
712 (Ferm BP- 1900) : - Agrobacteriumsp. KNK 712

cultivated in the nediumof Table 4 -at333ferr]C fd

transformed strains was named pPD 302.
Then, the plasmid pPD 302 was prepared and

completely digested with SphI and Accl, after which a

i.e kbp SphI-AccI fragment was obtained by agarose gel

electrophoresis. On the other hand,.plasmid pUC 19 was

completely digested with SphI and AccI, and 1igéted with T4

DNA ligase to the SphI-AccI fragment of pPD 302, after which

Escherichia coli JM 109 was transformed with this ligated

plasmid. The trasformed strains were obtained from an
L-medium containing ampicillin, and badterial reaction was
conducted infthe same manner as described in .Example 4,
thereby obtaining transformed strains having the ability to
convert D-N-catbamoyl—parahydtoxyphenylg1ycine into D-
parahydroxyphenylglycine. The plasmid contained in these
transformed strains was named pPD 304. The plasmid pPD 304
was prepared from the above tfansformed strains, folloééd by
mapping, which revealed that it had the structure shown in

Fig. 4.

Escherichia coli JM 109 transformed with pPPD 304

was named Escherichia coli JM 109 pPD 304. The accession

number given from the Fermentation Research Institute was
FERM BP-3183.

Example 6

Conversion of D-N-=carbamoyl-a-amino acid into

D-a-amino acid with enzyme obtained from transformed

strains:-



Table 4 dycerin 25=g Su
5

- g Crose
5 KH err] P err] THIS SHEET HAS BEEN g r 1]
5 g l\/g[Sq err] . 7Herr]O REPLACED L 1 g vhd ﬁmﬁﬁrﬁﬂﬂ
10 ng Yeast extract Z—g-U ea
2 g D N-carbanoyt "F’“'TTydroxyphenyI gl ycinpe - ]1 8 6/ BEBr19pas |added
to the v |'{ﬁ§sé%ﬁnﬂeplabe‘der (pH 6.5).

" | _ |

Using the plasmid pAD 108 obtained in Example 4,

BEscherichia coli JM'109 was transformed. This strain was

cultivated in L-broth containing 100 rg/ml of ampicillin and
100 ug/ml of IPTG at 37°C for 16 hours. From 100 ml of this
culture solution, baﬁtetial cells were harvested and then
suspended in 0.1 M KPB (pH 7;0) to the volume of 10 ml.

This was subjected to ultrasonication while cooling with
ice, followed by centrifugation to give the supernatant as a
crude enzyme solution. Using this crude enzyme solution,
reaction was conducted with.various kinds of D-N-carbamoyl-
c—amino acid shown in Table. 3 as a substrate. To 2 ml of 40
mM D-N-carbamoyl-a-amino acid (Table 3) and 0.2 M KPB (pH
5.0), 100 ul of the above crude enzyme solution were added,
thereby allowing to react at 40°C for 20 minutes, and the
amount of D-c—-amino acid produced was determined. -The_
results are shown in Table 3. Moreover, there was a 10-fold
improvement ‘in the specific activity of a D-N—carbamoyl—u—
amino acid amidohydrolase obtained from JM 109 pAD 108 at.
this time as compared qxth a crude enzyme solution ‘from

Agrobacterium radiobacter KNK 712 (FERM BP-1900).

Example 7
Conversion of D-N-carbamoyl-c—amino acid into

D-a—-amino acid with enzyme obtained from transformed

strains:-

- Using the plasmid pPD 304 obtained in Example 5,

Escherichia coli JM 109 was transformed. From this strain,




Twenty one liters of this culture solution were harvested and the bacterj al
cells were ultrasonicated. After renoval of the resrdue,hv centrifugation,

nucl ei c "aci ds were renoved by protam ne sulfate tre "JﬁC@ﬁg T ffiein o f
protein). The centrifuged supernatant was subjected tp———
treatment at 50[err]C for 20 m nutes- agd-after renoy the predigitate,

protein was precipitated by addition of ammoniums Ifath &h8 199Br§te|n
fraction having activity and

!
£

a crude enzyme solution was obtained in the same manner as

described in Example 6. Usiné this crude enzyme solution,

reaction was conducted in the same manner as described in

Example 6. The results are shown in Table 3. There was a
40-fold improvement in the specific activity of a D-N-
carbamoyl-ea—amino acid amidoh&drolase obtained from JM 109
PPD 304 at this time as compared with a crude enzyme

solution from Pseudomonas sp. KNK 003A (FERM BP-3181).

Example 8

Conversion of D-N-carbamoyl-parahydroxyphenyl-
glycine into D-parahydroxyphenylglycine with enzyme obtained
from transformed sﬁrains:-

Using the plasmid pAb 108 obgéined in Examﬁle 4,

Escherichia coli JM 109, was transformed. This strain was

cultivated in the same manner as descrxbed in Example 6.
From 100 ml of the culture solution, bacterial cells were
harvested, and washed with 0.1 M KPB {pH 7.0), after which
they were suspended in 100 ml of 5% D-N-carbamoyl-para-
hydroxyphenylglycxne, 0.05% Triton X-100, and 0.1 M KPB (pH
7.0), followed by stirring at 40°C for 20 hours to cause
reaction. The reaction mixture thus obtained was subjected
to centrifugatisn at 6000 rpm for 10 minutes to remove the
bacterial cells, and pH was.decregsea‘to 2.7 by adﬁition of
concentrated hydrochloric acid, followed by adsorﬁtion on
the cation exchange resin IR-120B (H' type) and elution with

5% NH,OH. Then, the eluates were desalinized with IRC-84



being precipitated with 15%to 35% saturated ammoni um sul fate was

recovered. This fraction was dissolved and subjected to HPLC using DEAE- 5pw
colum {manufactured by Toso Co., Ltd.), followed
concentration gradi ent of NaC and recovered actiy
stage, in conparison with a suspensien3éf -di si nt ed
there was About 20-fold increase in the specific 3
am dohydr ol ase. When this fraction was anal yzed
el ectrophoresis, this am dohydrol ase m grated nea
corresponding to the nol ecul ar wei ght of about 35

\Wmuk—__.

(H* type) and decolorized with an AF resin. The decolorized
solution was concentrated to allow crystallization, and the
deposited crystals were recrystallized from water to give
3.8 g of white powder. These crystals exhibited the
specific rotation [a}p20 = -158 (C = 1, 1 N HC1), and gave a
single spot on TLC, and the IR spectrum thereof was in

agreement with that of the D-parahydroxyphenylglycine

standard.
Example 9

Preparation of fixed D-N-carbamoyl-s-amino acid
amidohydrolase;—

After 200 ml of the culture solution obtained, in
the same manner as described in Example 6, from the strains

of Escherichia coli JM 109 transformed with pAD 108 was

harvested; they were washed with 0.1 M KPB (pH 7.0), and
suspended in 20 ml of 0.1 M KPB (pH 7.0), followed by
ultrasonication of the bacterial cellsL..This suspension of'
disintegrated bacterial cells was subjected to
centrifugation at 12000 rpm for 20 minutes to give the
supernatant as a crude enzyme solution. To this crude
enzyme solution, 2 g of anion excﬁange resin Duolite A-568
equilibrated wiéh 0.1 M KPB. (pH 7.0) Qere added, and stirred
at 4°C for 15 hours to make-the enzyme adsorbed thereon. To
this solution, glﬁtaraldehyde was added to have a final
concentration of 0.1%, and stirred for 1 hour, followed by

cross-linking treatment, after which the resin was collected



Determ nati on of am no acid sequence around protein am no term nus of

D- N-carbanoyl -[err]-am no acid am dohydrol ase derived from Agrobacterium

sp. KNK* 712 (FERM BP-1900) : A purified am dohydrol as D ‘fﬂﬂh .
by Agrobacteriumsp. KNK 712 (FERM BP-1900) obtai nedfi p—&x& 115"*
charged in a reverse-phase HPLC col uwm3fAP- 303; nmanuja¢tured by YNC

and eluted with a concentration gradi ent of racetonitr{l O6iFES 1
cont ai ni ng the am dohydrol ase was charged for anaIyS|F Lgug;gas-p ase
protei.n sequencer (rmanufactured by Applied L%~

L
et vy
e e,

by filtration and washed with 0.1 M KPB, resulting in 2 g of
fixed D-N-carbamoyl-a-amino acid-amidohydrolaée.

Example 10

Conversion of D-N-carbamoyl-parahydroxyphenyl-
glycine into D-parahydroxyphenylglycine with immobilized
enzyme:~ '

Two grams of immobilized D-N-carbamoyl-e-amino acid
amidohydrolase obtained in Example 9 were added to 100 ml of
2% D-N-carbamoyl~-parahydroxyphenylglycine and 0.1 M KPB (pH
7.0), and stirred at 40°C for 20 hours, while maintaining
the pE at 710 by addition of 1 N BHCl1l, thereby causing
reaction. After the reaction, the mixture was allowed to
stand, aﬁd the reaction mixture was collected by suction,
afcer which the prod@ced amino acid was purified in the same
manner as described in Exqméle 8 to give 1.5 g of D-

parahydroxyphenylglycine.

ced
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protein having a sequence in the amno term nus portion,
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1st to 20th amino acids of SEQID No. 1 in the acconpanyi ng Sequence

Li sting. Exanple 15 Purification of D N-carbanoyl-[err]-anmno_acid

am dohydr ol ase derived from Pseudo
Pseudononas sp. KNK 003A ( FERM BP-
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Example 11

Analysis of DNA base sequence for the gene of

enzyme derived from Agrobacterium radiobacter KNK 712 (FERM

BP-1900) and capable of converting D-N-carbamoyl-a-amino
acid into the corresponding D-g-amino acid:-

The plasmid pAD 108 containing the gene of a D-N-
carbamoyl-e-amino acid amidohydrolase (hereinafter referred

to as amidohydrolase) derived from Agrobacterium radiobacter

KNK 712 (FERM BP-1900) was digested with restriction
endonucleases EcoRI and gingII (manufactured by Takara
Shuzo Co., Ltd;), and a 1.8 kb DNA fragment was separated
for preparation by agarose gel electrophoresis.. This
fragment was digested with various restricpiqn
endonucleases, and ligated with T4-DNA ligase (manufactured
by Takara Shuzo Co., Ltd.) to Ml3mpl8 or M13mpi9, af;er

which Escherichia coli JM 109 was infected therewith,

resulting in the formation of a plaque. This single plaque
was inoculated into 1.5 ml of 2YT medium (16 g/1 of
bactotrypton (Difco Co.), 10 g/l of yeast extract (Difco
Co.), and 5 g/1 of NaCl) into which 1% JM 109 had been
inoculated, and subjected to shaking cultu;e at 37°C for 5
hours. After céntrifugation, 200 ¢l of 20% polyethylene-
glycol 6000 and 25 M NaCl solution were added to the
supernatant, and allowed to-stand at room temperature for 15

minutes, after which phage particles were recovered as a

~ precipitate by centrifugation. This was dissolved in 100 ﬁl



D- N- car banoyl al ani ne | 1 g Water was added_to the vol une of 1
liter (pH 7.0). . - 45 - Twenty six liters of this c 9] N\ g3
harvested, and in the same manner as described in Exa E?é%”%s Sé?é 4
operations were conducted: ultrasonication of the bact r%al cells; remn

of nucleic acids by protanine sulfate t4é@atnment; heat atOereEs €|§¢
20 mn); fractionation by amoni um sul fate preC|pitati (separatlon

of TE solution [10 mM Tris HCl (pH 8.0), 1 mM EDTA), and
extracted with 50 ul of phenol (saturated with TE solution),
after which 10 ul of 3 M sodium acetate solution and 250 ul
of ethanol were added and allowed to stand overnightlat
=20°C, followed by centrifugation. After drying, the
precipitate was dissolved in 50 ul of TE solution. Then,
7 ul of this solution was used for reaction, electro-
phoresis, and autoradiography'with the aid of a DNA sequence
kit (manufactured by United. States Biochemical Corp.) using
SEQUENASE (registered trade.mark) ver. 2, according to its
instruction manual. From the results obtained, the DNA base
sequence of amidohydrolase gené_for the strain KNK 712 was
determined as shown by SEQ ID No. 1 in the accompanying
Sequence Listing.

Exampie‘12 _

Analysis of DNA base sequence for the gene of

enzyme derived from Pseudomonas sp. KNK 003A (FERM BP-3181)

and capable of converting D~N-carbamoyl-a-amino acid into
the corrésponding D-a—-amino acid:

. The plasmid pPD 304 containing amidohydrolase gene
derived from the strain KNK 003A was digested with
restriction endénucleases BamHI and HindIII (manufactured by
Takara Shuzo Co., Ltd.), and a 1.8 kb DNA fragment was
separated for preparation by agarose gel electrophoresis.
This fragment was digested with various restriction

endonucleases, and ligated with T4-DNA ligase (Takara Shuzo



of protein fractions having anm dohydrol ase activity and being precipitated
with 50to 70% saturated anmoni um sul fate); and HPLC DEE- 5pw col um.
These active fractions was allowed to adsorb in a Biog REH ALBh om0 '

Laboratories Co., Ltd.) colum, and eluted with a concgn Vo],

I.
amoni um sul fate, after which the acti4® fractions wer oncentrated apd

subj ected to gel filtration using a Sephacryl S-300 (Ppafne2ddERHEI97
Bi ot echnol ogy Co., Ltd.) columm. Then, when isoelectri cusing (pH 4| tp
6.5) was conducted, the above am dohydrol ase migrated hear to the po i lon
at pH 5.7, and the gel of this band portion having

Co., Ltd.) to M13mpl8 or M1l3mpl9, after which Escherichia

coli JM 109 was infected therewith, resulting in the
formation of a pléque, This single plaque was inoculated
into 1.5 ml of 2Y¥YT medium (16 g/l bactotrypton (Difco Co.),
10 g/1 yeast extract (Difco Co.), and S g/l NaCl) into which
1% JM 109 had been inoculated, and subjected to shaking
culture at 37°C for S hours. After centrifugation, 200 ul
of 20% polyethyleneglycol 6000 and 25 M NaCl solution were
added to the supernatant, apd allowed to stand at room
temperature for 15 minutes,_after which phage particles were
recovered as a precipitate by centrifugatioﬁ. This was
dissolved in 100 ul of TE solution (10 mM Tris HCl (pH 8.0),
1 mM EDTA]), and extracted with 50 yl of phenol (sapurated
with TE solution), after which 10 ul of 3M sodium acetate
solution and 250 ul of ethanol were added thereto, and
allowed to stand overnight at -20°C, followed by
centrifugation. After drying, the precipitate was dissolved
in 50 ul of TE solution. Then, 7 ul of this solution was
used for reaction, electrophoresis, and aﬂtoradiography with
the aid bf a DNA sequence kit (manufactured by United States
Biochemical Corp.) using SEQUENASE (registered trade mark)
ver. 2, accordiﬁg to its instruction mannual. From the
results obtained, the DNA base Séquence of amidohydrolase
gene derived from the strain KNK 003A was determined as

shown by SEQ ID No. 2 in the accompanying Sequence Listing.



acted. At this stage, in
I bacterial cells, there

activity was cut out, from whif rnsgygEﬁ
conpari son with a suspension -L_Fhentpiﬁgggﬁ

was about 100-fo|d i ncrease in Fre—Speet LMty o "”‘dﬂh"drnanﬁ
When This I e was anal yzed by SDS-pol yacrylami de g%@l[ﬂgkrehﬁog@ﬁ’é,
an1dohyﬂ& Iase n1g near to the po§@t|on correspopd cul ar

(ged Mor eover, when this sanple wap °u%8?-'tE%d1§9(} gel

Example 13

Purification of D-N-carbamoyl-a-amidohydrolase

derived from Agrobacterium radiobacter KNK 712 (FERM BP-
1900):-

Agrobacterium radiobacter KNK 712 (FERM BP-1900)

was cultivated in the medium of Table 4 at 33°C for 25

hours.

Table 4 _
Glycerin .25 g
Sucrose o 5g¢g
KH,PO, 5 g
Na,HPO, 59
MgS0,4.7H,0 : lg
MnCl,.4H,0 | 10 mg
Yeast extract _ | 44
Urea 2 g

D-N-carbamoyl-P-
hydroxyphenylglycine lg

Water was added to the volume of 1 liter (pH 6.5).

Twenty.one liters of this culture solution were
harvested and the bacterial_cells were ultrasonicated.
After removal of the residue by centrifugation, nucleic
.acids were removed by protamine sulfate treatment (0.1 mg/mg

of protein). The centrifuged supernatant was subjected to



filtration using a Sephacryls
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Determnatlon of ami no acid b eg “L

correspondi ng to the nol ecul
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KNK
Pseu
in a r
aceton

as eluted at the position
7,000. Exanple 16

=il DI QY ei anlno tern1nus of
P
err]-amno acid am dohydr ol ase deri

ﬁﬁBﬁEdBReﬂa@) - A purified-afBdohydrol as

003A (FERM BP-3181) obtained ih Exant
LC columm, and eluted with a CO%céh&FEB|%W7gr
racti on containing the am dohydrpl ase was char

b-“- e S

heat treatment at 50°C for 20 minutes, and after removal of

the precipitate, protein was precipitated by addition of

ammonium sulfate, and a protein fraction having activity and
being precipitated with 15% to 35% saturated ammonium
sulfate was recovered. This fraction was dissolved and
subjected to HPLC using DEAE-Spw column (manufactured by
Toso Co., Ltd.), followed by elution with a concentration
gradient of NaCl and recovered active fraceions. At this
stage, in compatison with a suspension of disintegrated
bacterial cells, there was gbout 20-fold increase in the
specific activity of amidohydrolase. When.this fraction was
analyzed b§ SDS-polyacrylamide gel electrophoresis, this
amidohydrolase migtated near to the position correspondihg
to the molecular weight of about 35,000.

Example 14

Determination of amino acid sequence around protein
amino terminus of D-N-carbamoyl-e-amino acid amidohydrolase

derived from Agrobacterium radiobacter KNK 712 (FERM BP-
1900).:~

A purified amidohydrolase preparation produced by

Agrobacterium rad;obacter KNK 712 (FERM BP-1900) obtained in
Example 13 was charged in a_reverse-phase HPLC column (AP-
303; manufactured by YMC Co,), and eluted with a
concentration gradieﬁt of acetonitrile. This fraction
containing the amidohydrolase was charged for analysis in a

gas—-phase protein sequencer (manufactured by Applied



anal ysis in a gas-phase protein sequencer, and it found that the

am dohydrol ase is a protein having a sequence in th
portion; which consists of 1st to 20th am no acids

acconpanyi ng Sequence Listing. Exanple 17 Purificatifor
D- N-ctarbamoyl -[err]-am no aci d am dokhyddolFase produgec bQétleB\sWB? méd
Escherichia coli:- Escherichia coli JM 109. pAD 108 ¢btlai ned_i n_Exanpl ¢
and Escherichia coli JM 109. pPD 304 obtained in Exafple 5 were cultiv

REPLACTRNT SBFT

\JI_\( T

t he

b 4
ht ed

by the nethod as described in Exanple 6. The bactert .
fromeach culture

Biosystems Co., Ltd.), and it was found that the
amidohydrolase is a protein having a sequence in the amino
terminus portion, which consists of 1lst to 20th amino acids
of SEQ ID No. 1 in the accompanying Sequence Listing.
Example 15
Purifxcatxon of D-N-carbamoyl-a—amino acid

am;dohydrolase derived from Pseudomonas sp. KNK 003Aa (FERM
BP-3181):-

Pseudomonas sp. KNK 003A (FERM BP-3181) was

cultivated..in the medium of.Table 5 at 45°C for 3 days.

Table S

Glycerin ' 10 g
‘Glucose S'g
KH,PO, : 3.5 g
Na,HPO, : 3.5¢g
MgS0,.7H,0 : 0.5 g
MnCl,.4H,0 ' 20 mg
FeS0, 10 mg
CaCoO, 1g
Meat extract | 2 g

| Yeast extract . 2 g
Polypeptone : 2 g
D-N-carbamoylalanine lg

Water was added to the volume of 1 liter (pH 7.0).

ected



solution by centrifugation, and ultrasonicated. After renoval of the
resi due, - these crude enzyne sol utions were -47- anal yzed by

SDS- pol yacryl am de el ectrophoresis. Wth respect to a suspension of the
cultivated and disintegrated bacterial cells of Egef

e T Aok hney 109. pAD
108,” the am dohydrol ase migrated to-tHe& position BEPEA gll‘@l' Snﬁ e
nol ecul ar wei ght of about 35,000, and an analysis.bq ensitoneter{after
stai ning reveal ed that the am dohydrol ase i [)6FEB'$W7

B

" Twenty six liters of this culture solution were
harvested, and in the same manner as described in Example
13, the following operations were conducted: ultrasonication
of the bacterial cells; removal of nucleic acids by
protamine sulfate treatment; heat treatment (65°C, 20 min);
fractionation by ammonium sulfate precipitation (separation
of protein fractions having amidohydrolase activity and
being precipitated with 50% to 70% saturated ammonium
sulfate); and HPLC using DEAE-Spw column. These active
fractions.was.allowed to adsorb in a Biogel-HT (Bio-Rad
Laboratories Co., Ltd.) column, and eluted with a
concentration gradient of ammonium sulfate, after which the
active fractions were concentrated and subjected to gel
filtration using a Sephacryl S-300 (Pharmacia LKB
Biotechnology Co., Ltd.) column.

Then, when isoelectric focusing (pH 4 to 6.5) was
conducted, the above amidohydrolase migrated near to the
position at pH 5.7, and fhe gel of this band portion having
aétivity was cut out, from which protein was extracteé. At
this stage, in comparison with a suspension of the
disintegrated bacterial cells, there was about 100-fold
increase in the specific activity of amidohydrolase. When
this sample was analyzed by SDS-polyacrylamide gel
electrophoresis, amidohydrolase migraéed near to the
position corresponding to the molecular weight of about

38,000. Moreover, when this sample was subjected to gel



anount ed

Mor eover ,

bacteri al
m gr at ed

38,000, and an anal ysis by densitoneTeféafter staiini
am dohydrol ase anobunted to about 15% of the whol e isal u

bacteri al
sequence

transforned Escherichia coli:-

to about 50% of the whole soluble proteins of the bacterial cells.

Wth respect to a suspension of the cultivated and d|S|ntegrated
cells of Escherichia coli JM 109. pPD 30 t-he—ari-dehyd se

to the position corresponding to the nnle@ﬁﬁ&AGﬁﬂﬁﬁﬂ' FFEout
aty the

BaEERH 1

oduced [y

d
g
&
g

cells. Exanple 18 Determination of prote
of D-N-carbanoyl-[err]-am no acid am dohydr

filtration using a Sephacryl S-200 column, it was eluted at
the position corresponding to the molecular weight of about
67,000.

Example 16

Determination of amino acid sequence around protein
amino terminus of D-N-carbamoyl-ec-amino acid amidohydrolase

derived from Pseudomonas sp. KNK 003A (FERM BP-3181):-

A purified amidohydrolase prepafation from

Pseudomonas sp. KNK 003A (FERM BP-3181) obtained in Example

15 was charged in a reverse-phase HPLC column, and eluted
with a concentration gradient of acetonitrile. This
fraction containing the aﬁidohydrolase was charged for
analysis in a gas-ﬁhase protein sequencer, and it was found
that the amidohydrolase is a protein having a sequence in
the amino terminus portion, which consists of 1lst to 20th°
amino acids of SEQ ID No. 2 in the accompanying Sequence
Listing.

Example 17

Purification of D-N-carbamoyl-e-amino acid

amidohydrolase produced by transformed Escherichia coli:-

Escherichia coli JM 109.pAD 108 obtained in Example

4 and Escherichia coli JM 109.pPD 304 obtained in Example 5

were cultivated by the method as described in Example 6.
The bacterial cells were collected from each culture
solution by centrifugation, and ultrasonicated. After

removal of the residue, these crude enzyme solutions were



A suspenéion of the cultivated and disintegrated.bacterial cells of
Escherichia coli JM 109. pAD 108 obt ai ned i n Exanpl

%7 stiet to
heat treatnment at 50[err]C for 30 mnutes, and. aft J{EIM@MEW&%MB
precipitate by centrifugation, amonium sul fate wa$ added to give BOPo
saturation, thereby causing-precipi+a7zor of protefn

hdy tRLEd -
protein was renoved by centrifugation and di ssol vefl n-ﬁt;élpgﬁj%? wat

er,
foll owed by desaltization - 48 -

analyzed by SDS-polyacrylamide electrophoresis. With

respect to a suspension of the cultivated and disintegrated

bacterial cells of Escherichia coli JM 109.pAD 108, the

amidohydrolase migrated to the position corresponding to the
molecular weight of about 35,000, and an analysis by
densitometer after staining revealed that the amidohydrolase

amounted to about 50% of the whole soluble proteins of the

bacterial cells. Moreover, with respect to a suspension of

the cultivated and disintegrated bacterial cells of

Escherichia coli JM 109.pPD-304, the amidohydrolase migrated

to the position corresponding to the molecular weight of
about 38,000, and an analysis by densitometer. after staining
revealed that the amidohydrolase amo&nted to about 15% of
the whole solubie proteins of the bacteriai'cells.

Example 18

Determination of protein amino terminal sequence of
D-N-carbamoyl-a=~amino acid amidohydrolase produced by

transformed Escherichia coli:-

A suspension of the cultivated and disintegrated

bacterial cells of Escherichia coli JM 109.pAD 108 obtained
in Example 17 was subjected to heat treatment at S0°C for 30
minutes, and aféer removal of the precipitate by
centrifugation, ammonium sulfate was added to give 30%
saturation, thereby causing-precipitation of protein. The
precipitated protein was removed by centrifugation and

dissolved in deionized water, followed by desaltization



usi ng an NAP-10 col um (Pharmaci a LKB Bi ot echnol ogy Co., Ltd.) and charging
i n-a gas-phase protein sequencer. Fromthe results obtained, it was found
that thére were m xed proteins in approximately the_sane guantities, one
having a sequence in the am no term nus portion, wh NT i
16th”am no acids of SEQ D No. 1 in +he8aeconpanyin iSEE
the ot her having a sequence in the amno term nus pprfion, which contjai ns
an additional nethionine residue attached to the anfn ﬁbﬁﬁ%}&ug;ﬁ
ed her ei nabov

former's sequence. Effect of the invention As descr
present invention

using an NAP-10 column (Pharmacia LKB Biqtechnology Co.,
Ltd.) and charging in a gas-phase protein sequencer. From
the results obtained, it was found that there were mixed
proteins in approximately the same quantities, one having a
sequence in the amino terminus portion, which consists of
lst to 16th amino acids of SEQ ID No. 1 in the accompanying
Sequence Listing, and the other having a sequence in the
amino terminus portion, which contains an additional

methionine residue attached.to the amino terminus of the

former's sequence.

Effect of the invention

As described hereinabove, the present invention
makes it possible to produce D-a-amino acids from D-N-
carbamoyl-a-amino acids with high efficiency by employing

gene technology.

Brief Description of the drawings

Fig. 1 shows the restriction endonuclease map of
plasmid pAHD 101 obtained by the present invention.

Fig. 2 shows the restriction endonuclease map of
plasmid pPHD 30i obtained by the present invention.

Fig. 3 shows the restriction endonuclease map of
plasmid pAD 108 obtained by the present invention.

Fig. 4 shows the restriction endonuclease map of

plasmid pPD 304 obtained by the present invention.



makes it possible to produce D-[err]-amno acids from D N

carbanoyl -[err]-am no acids with high efficiency %&g&g&gﬁééq. genRe
. .ﬁﬁégﬁﬁﬁlriction

technol’ogy. Brief Description of the draw ngs Fi
endonucl ease map of plasm d pAHD 101 obtai ned by ]t e present |nv;ntion.

Fig.” 2 shows the restriction endonucl ease map of pIangyF%ﬁ%ﬁ@fO pbt ai ned
by the present invention. Fig. 3 shows the restricti on endonucl e@s

pl asm d pAD 108 obtai ned by the presqgt_inventioﬁ.'klg. A—shows—1 he

restriction endonucl ease map of plasmd pPD 304 abtained by the present
I nvention. - ' ' e

b map of

SEQUENCE LISTING

SEQ ID NO.: 1

SEQUENCE LENGTH: 1785
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear

MOLECULE TYPE: genomic DNA

ORIGINAL SOURCE

ORGANISM: Agrobacterium radiobacter

STRAIN: KNK 712 (FERM BP-1500)

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AATTCCGGTT CCGCTCCGGT 60

TGACAGATCA AAAATTTTAC GCCTGTTATT GTCGTGCTGC ATGTAATATT TCGTACTTTA 120

TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGTTT TCGGCGATGT GTTTCACAAC 180

GTTTTCCCGG CCGCTGGGCC GGACATCACC TAGGAAGGAG CAGAGGTTCA TG ACA CGT 238
Thr Arg

1
CAG ATG ATA CTT GCA GTG GGA CAA CAA GGT CCG ATC GCG CGC GCG GAG 286

Gln Met Ile Leu Ala Val Gly Gln Gln Gly Pro Ile Ala Arg Ala Glu

o 10 15
ACA CGC GAA CAG GTC GTC GTT CGT CTT CTC GAC ATG CTG ACG AAA GCC - 334
Thr Arg Glu Gln Val Yél Yal Arg Leu-Leu Asp Met Leu Thr Lys Ala
20 25 30
GCG AGC CGG GGC GCG AAT TTC ATT GTC TTC CCC GAA CTC GCG CTT ACG 382

Ala Ser Arg Gly Ala Asn Phe Ile Val Phe Pro Glu Leu Ala Leu Thr
35 40 45 30



| ALFEACEMEN] SHEET| .
-49- SEQUENCE LI STING SEQ I D NO.: 1 SEQUENCE LENGTH: 1785 SEQUENCE TYPE:
nucl ei ¢ _aci d STRANDEDNESS: doubl e TOPOLOGY: | nearg YRERCYedy TIYPE: genom c
DNA ORI G NAL SOURCE

- 50 -

ACC TTC TTC CCG CGC TGG CAT TTC ACC GAC GAG GCC GAG CTC GAT AGC 430
Thr Phe Phe Pro Arg Trp His Phe Thr Asp Glu Ala Glu Leu Asp Ser
5 60 65
TTC TAT GAG ACC GAA ATG CCC GGC CCG GTG GTC CGT CCA CTC TTT GAG 478
Phe Tyr Glu Thr Glu Met Pro Gly Pro Val Val Arg Pro Leu Phe Glu -
70 15 80
AAG GCC GCG GAA CTC GGG ATC GGC TTC AAT CTG GGC TAC GCT GAA CTC 526
Lys Ala Ala Glu Leu Gly Ile Gly Phe Asn Leu Gly Tyr Ala Glu Leu
85 ' 90 95
GTC GTC GAA GGC GGC GTC AAG CGT CGC.TTC AAC ACG TCC ATT TTG GTG 274
Val Val Glu Gly Gly Val Lys Arg Arg Phe Asn Thr Ser Ile Leu Val
100 105 110
GAT AAG TCA GGC AAG ATC GTIC GGC AAG TAT CGT AAG ATC CAT TTG CCG 622
Asp Lys Ser Gly Lys Ile Val Gly Lys Tyr Arg Lys Ile His Leu Pro
115 120 125 130
GGT CAC AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG ‘CAT CTT GAA AAG 670
Gly His Lys Glu Tyr Glu Ala Tyr Arg Pro Phe Gln His Leu Glu Lys '
135 ' 140 145
CGT TAT TTC GAG CCG GGC GAT CTC GGC TTC CCG GTC TAT GAC GTC GAC 118
Arg Tyr Phe Glu Pro Gly Asp Leu Gly Phe Pro Val Tyr Asp Yal Asp

150 155 _ 160
GCC GCG AAA ATG GGG-A?G TTC ATC TGC AAC GAT CGC CGC TGG CCT GAA. 166
Ala Ala Lys Met Gly llet Phe Ile Cys Asn Asp Arg Arg Trp Pfo Glu
165 170 175
GCC TGG CGG GTG ATG GGC CTC AGG GGC GCC GAG ATC ATC TGC GGC GGC 814

Ala Trp Arg Val Met Gly Leu Arg Gly Ala Glu Ile Ile Cys Gly Gly
180 185 190



ORGANI SM  Agrobact eri um radi obacter STRAI N KNKfiﬂﬂH@&Eﬁ$LMﬁL%ﬂﬁﬁb

GTCGACGGCG GGCTCGCGCG AGAGCTTGTC AAGCAGCGCA AAT I'T CCGCTCCEGT 60
TGACAGATCA AAAATTTTAC GCCTGITATT GICGIGCTGC AT QPW%IA 120
TGTAGAATTT GCATTGCGCC GCGAGTCACA AAGCCGGITT T AT T IC 1180
GITTTCCCGG CCGCTGEECC GGACATCACC TASGAAGEAG CAGAGCTTEA—TG-ACA—EET {238, Thr
ATC GCG CCC GCG |GAG

Arg 1 CAG ATG ATA CTT GCA GIG GGA CAA CAA GGT
286 G n Met Ile Leu Ala Val Ay An An dy Pro Ile Ala Arg ATa @u 5

10 15 ACA CGC GAA CAG GIC GIC GIT CGT CTT CTC GAC ATG CTG
ACG AAA GEE AAC 388 CCG ACC CAC AAT CCC CCT GTT CCC CAG CAC GAC CAC CTG 862

Tyr Asn Thr Pro Thr His Asn Pro Pro Vgl Pro Gln His Asp His Leu

195 200 205 210

ACG TCC TTC CAC CAT CTC CTA TCG ATG CAG GCC GGG TCT TAT CAG AAC 910
Thr Ser Phe His His Leu Leu Ser Met Gln Ala Gly Ser Tyr Gln Asn

215 220 225
GGG GCC TGG TCC GCG GCC GCG GGC AAG GTG GGC ATG GAG GAG AAC.TGC 958
Gly Ala Trp Ser Ala Ala Ala Gly.Lys Yal Gly Met Glu Glu Asn Cys
230 - 235 240
ATG CTG CTC GGC CAC TCC TGC ATC GT&_GCG CCG ACC GGG GAA ATC GTC 1006
Met Leu Leu Gly His Ser Cys Ile Vai.Ala Pro Thr Gly Glu Ile Val
245 250 ' 235
GCT CTC ACT ACG ACG CTG GAA GAC GAG GTG ATC ACC GCC GCC GTC GAT 1054
Ala Leu Thr.Thr Thr Leu Glu Asp Glu Yal Ile Thr Ala Ala Val Asp
260 25 270 |

CTC GAT CGC TGC CGG GAA CTG CGT GAA CAC ATC TTC AAC TTC AAG CAG 1102
Leu Asp Arg Cys Arg Glu Leu Arg Clu His Ile Phe Asn Phe Lys Gln

275 : - 280 285 290

CAT CGT CAG CCC CAG CAC TAT GGT CTG ATC GCG GAA CTC ' 1141
His Arg Gln Pro Gln His Tyr Gly Leu Ile Ala Glu Leu

295 300 .

TGAGGTTGCC GAAAAGCATG TGTGTCGTTG TTCTCGGCGC CTGGGTCACA TCCAGGCGCG 1201
CCAGGGTGAC GCTGGTGGAA TAGTACCACG ACCGCTTCAG GGCGATCCGC AAGGAGATGC 1261
GGGTCGCCGG AGCGﬁCAAAG CCCGACATTC GTTTCGCACC GACGGCCGTC GTGAACTCGA 1321
CAGTCCGCGA GAAGGGCGTA TTGCGCGGCC TGGACCTGTA CGTGGAACTG TAGCCCATAT 1381
ATAGATTTCC AAAGAGTTTC GGCGAGGCGC GGCGCGCCTA GCCCCATGTG AGCGAGAACC 1441




Thr Arg Gu dn Val Val Val Arg Leu Leu Asp Met L lﬁﬁﬁ%@@%&NSﬁEﬁT

25 . 30 GCG AGC CGG GEC GCG AAT WTG ATT GIC TTC b GAA CTC
GCG CTT ACG 382 Ala Ser Arg Gy Ala Asn Phe Il ¢ Va6 PEB 1099 y Leu Ala
Leu Thr 35 40 45 : 50 -
50 -"ACC TTC TTC CCG CGC TGG CAT TTGC AGC GAC GAG GAG CTCGAT AGC

430 Thr Phe Phe Pro Arg Trp His Phe Thr Asp Qu ALa G u Leu Asp Sef 55

60 65 -

" GTGCCCAGAT CAAAGAATGA GACCGACGCG CCGGCCGCGG CAAAGGATGA TCCTCAGGGT 1501
CGGATCTATC GCTCCGCCCT GAAGCAGGAG GGCGCACGCT GGCTGCTGAC GGCGGAGGAA 1561
GGGTTGCTGG CAAAGCCCAA GCCGCOCGGC CTTGTTCCGG CACTTGAGAA TGCGATCGCC 1621
ATCGTCGATT ACATCAACGG TACACCGCCC CATATCGCGT CCCTGGCGGA GCTTTCAACG 1681
ACGCTCGGGA TATCCAAGAG CCACTGTCAC TCCATCCTCA AGACGCTGAC GCATTTCGGC 1741
TGGCTGAAAT TCGACAATCG CTCAAAGAGC TACGAGCTGA ATTC 1785



TTC TAT GAG ACC GAA ATG CCC GCC CCG GIG GIC CGI CCA (

Phe Tyr Glu Thr Gu Met Pro Ay Pro Val Vval Arg Pro |

75 80 AAG GCC GCG GAA CTC GGG ATC

TAC GCT GAA CTC 526 Lys Ala Ala Gu Leu vy

Tyr Ala Gu Leu 85 90- g3 -

GCC GGEC GIC AAG CGT CGC TTC AAC ACG TCC ATT TTG GIG Va] 4 u
Gy @y Val Lys Arg Arg Phe Asn Thr Ser Ile Leu Val ﬁgg‘CﬁT“TT@reee_mw 105
110 GAT AAG TCA GGC AAG ATC GIC GGEC AAG TAT CGT AAG ATC )

622 Asp Lys Ser Ay Lys Ile Val Ay Lys Tyr Arg Lys Ile H's Leu Pro 115
120 SEQ ID NO. % 130

SEQUENCE LENGTH: 1820
SEQUENCE TYPE: nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear

MOLECULE TYPE: genomic DNA

ORIGINAL SOURCE

ORGANISM: Pseudomonas sp.

STRAIN: KNK 003A (FERM BP-3181)

GCATGCGCGG GGAACTGAAG AACTTGCAAG ACGAACTCGG CATTACCTTC GTGCATGTAA 60
CCCATACCCA GCCTGAGGCG ATCGCGCTCG CCGACATGGT GGTTGTGATG GATACGGGCC 120
GCATAGAGCA GGCAGCGAGC GCCAACGAAA TCTACAACCG-GCCCGCGACG CCCTATGTGG 180
CGCGCTTCAT‘GGGCGGCCAA AACGTGTTGA CGGGGAGGGT GGACAGCATC TCGCCCACCG 240
GCATGGTGCT GAAAAGCGAA AAGGGCGAGA TCTTCAATGC GCCTCTTACG GGTGCTGCGC 300
CGAAGCTGGG CGAACCCGTA TCGATATCCA TGCGCCGCGA CCGCATCAGC ATCAGCAAGC 360
CGCAAAACGG CAAGGGCGCG CAGCAGGCTG ACGCGGTAAC GGCTGTGGTC GATTCCACGG 420
- ARTACCAGGG CAGCTTCGTG AAGGTCAGCA TAGTGCTCGA CGGTGGCGAG ACCTTCGTCG ;80
CAAACATGCC CGACCATGAA TTTTTCGCGG AACCGGTGGA TCACGGCGTC CCGGTGGTCG 540
CCCGCTGGAA ACCGGAGCAT GTGCATGTCC TGTCCAAGTC TGACCGGGGC GCCGACCACA .600
- CCGAAATCTA CCGCTTCCCT GCAGGCGAAA ATACCGTTTC AATGGGCAAG GGGCGGCAAA 660
CGGGGTTGAG ACGACCCGGT TTATCGAGGA GGACGAGATG ACA CGC ATC GTC AAT 115
| Thr Arg Ile Val Asn

1 d



zGGT CAC AAG GAG TAC GAG GCC TAC CGG CCG TTC CAG CAT—EFF—-GAA-AAG

Ay Hs Lys Qu Tyr Gu Ala Tyr Arg Pro Phe G n

140

670

REPLASEMENT ISHERHS

145 CGI TAT TTC GAG CCG G{C I CTCGEC—TH|C

TAT GAC GIC GAC 718 Arg Tyr Phe Gu Pro Q¥ ﬁgFlEﬁli@@ﬂ

Tyr Asp Val Asp 150 -15% -

ATG GGG ATG TTC ATC TGC AAC GAT CGC CGC TGG CCT |GAA WASTE

Met Gy Met Phe Ile Cys Asn Asp Arg Arg Trp Pro

170

Ph
IC

Al

E}}yﬂ u 165
175 GCC TGG CGG GIG ATG

CCG GIC
e Pro Val
GCG AAA
a Ala Lys

AG ATC

ATC TGC GECAGREL GCC GCG CAQLATA! 6GGNOGCALTE W6C 068 Tetwueuce\rcmcqm Ala Ggg Ile
Ile Cys lel Ai/ 180 185
a a

Ala Ala Gln Met Gly Pro Ile Ser Arg Ser Glu Thr Arg Lys
10 15 20
GAT ACG GTC CGG CGC CTG ATC GCG CTC ATG CGC GAG GCG AAG GCC CGC
Asp Thr Val Arg Arg Leu Ile Ala Leu Met Arg Glu Ala Lys Ala Arg
25 - 30 35
GGT TCC GAC CTT GTC GTC TTT ACC GAA CTC GCG CTC ACC ACC TTC TIT

Gly Ser Asp Leu Val Val Phe Thr Glu Leu Ala Leu Thr Thr Phe Phe

40 | 45 o0
CCC CGC TGG GTG ATC GAG GAC GAA GCT_GAG CTC GAC AGC TTC TAC GAG
Pro Arg Trp Val Ile Glu Asp Glu Ala Glu Leu Asp Ser Phe Tyr Glu
95 : 60 65 _
ARG GAG ATG CCA GGG CCC GAA ACC CAG CCG CTC TTC GAT GAG GCG AAG
Lys Glu Met Pro Gly Pro Glﬁ Thr Gln Pro Leu Phe Asp Glu Ala Lys
70 75 80 85

CGC TTG GAG ATC GGC TTC TAT CIC GGT TAT GCC GAG CTG GCG GAG GAG

Arg Leu Glu Ile Gly Phe Tyr Leu Gly Tyr Ala Glu Leu Ala Glu Glu
90 95 100
GGC GGC AGG AAG CGG CGC TTC AAC ACC TCT ATC CTT GTG GAC CGC AGC
Gly Gly Arg Lys Arg Aré Phe Asn Thr éer Ile Leu Yal Asp Arg Ser
105 ' 110 115
GGC CGG ATC GTC GGC AAG TAC CGC AAG-GTG CAC CTG CCC GGG CAC AAA
Gly Arg Ile Yal Gly Lys Tyr Arg Lys-Val His Leu Pro Gly His Lys
120 125 B 130

811
859
907
935
1003
1051

1099



TAC AAC ACG CCG ACC CAC AAT CCC CCT GIT CCC CAG U\RE@BQCEMEN}T@H g‘ 862
Tyr Asn Thr Pro Thr Hi's Asn Pro Pro Val Pro d n Hijs jAsp—trs—tet—+ '

3!

200 g 205 210 ACG|T( T|C[C CTA
TCG ATG CAG GCC GGG TCT TAT CAG AAC 910 Thr S>er6§%e§@%§gﬁ $ Leu Leu
Ser ‘Mt A n Ala Ay Ser Tyr A n Asn 2155 - 220

225 GGG GOC TGG TCC GOG GOC GOG GGC AAG GIG GGC ATG GAG GAG AAC TGC

958 Gy Ala Trp Ser Ala Ala Ala Ay Lys Val 3y Mt—&t—G-d—Ashr-Eys! 230
235 240

GAG CCG CAG CCC GGC AGG AAA CAC CAG CAT CTC GAG AAA CGC TAT TTC 1147
Glu Pro Gln Pro Gly Arg Lys His Gln His Leu Glu Lys Arg Tyr Phe
135 140 145
GAG CCC GGC GAT CTC GGC TTC GGT GTC TGG CGC GCC TTC GAC GGC GTA 1195
Glu Pro Gly Asp Leu Gly Phe Gly Val Trp Arg Ala Phe Asp Gly Val
150 155 200 205
ATG GGC ATG TGC ATT TGC AAC GAC CGC CGC TGG CCG GAG ACC TAC CGG 1243
Met Gly Met Cys Ile Cys Asn Asp Arg Arg Trp Pro Glu Thr Tyr Arg
210 _215 220
GTC ATG GGC TTG CAG GGA GTG GAG ATG GTC ATG CTG GGC TAC AACIACG 1291
Val Met Gly Leu Gln Gly Val Glu Met Val Met Leu Gly Tyr Asn Thr
225 : 230 - 235
CCG TAT GAC CAT ACC GGT CAC GAC GAC ATC GAT TCA CTC ACC CAG TTIT 1339
Pro Tyr Asp His Thr Gly His Asp Asp Ile Asp Ser Leu Thr Gln Phe
240 245 250
CAC AAT CAT CTC TCC ATG CAG GCG GGC GCC TAC CAG AAT TCG ACC TGG 1387
His Asn His Leu Ser Met Gln Ala Gly Ala Tyr Gln Asn Ser Thr Trp
2535 260 265 -
GTG ATC GGC ACC GCC AAA TGC GGC ACC GAG GAG GGC TCC AAA ATG GTG 1435
Val Ile Gly Thr Ala Lys Cys Gly Thr Glu Glu Gly Ser Lys Met Val
210 275 _ 280 _ 285
GGG CAG AGC GTG ATC éTT GCG CCC TCC-GGC GAG ATC GTC GCT ATG GCC 1483
Gly Gln Ser Val Ile Val Ala Pro'Ser‘Gly Glu Ile Val Ala Met Ala
290 ~"295 300



ATG CTG CTC GGC CAC TCC TGC ATC GTGGOG CCG ACC GGG GARBPLACEMENT

250 4 255 GCT CTC ACT ACG ACG CTG GAA C
GCC GCC GIC GAT 1054 Ala Leu Thr Thr Thr Leu dlu {As
Ala*Ala Val Asp 260 2696 -

Met Leu Leu Gy Hs Ser Cys Ile Val Ala Pro Thr Gy Sa'u ool

EQG GTG ATClAdC

_270 CIC GAT|X

EBVI®Y | Ife

TGC CGG GAA CTG CGT GAA CAC ATC TTC AAC TTC AAG CAG

1102 Leu Asp

Ros

Thr
5C
Arg

Cys Arg Qu Leu Arg Qu His Il e Phe Asn Phe Lys A n 25 - 280
285 290 CAT CGI' CAG CCC CAG CAC TAT GGI' CTG ATC GCG GAA
CTC TGC ACG ATC GAGLGAGC GAGs ATC \TGl ACCPGEACGLGC AIGE GAT CECyGAC-ATG | e ALS3IA u
Heu 295 Cys Thr Ile Glu Asgo((;)lu Ile Ile Thr Ala Arg Cys Asp Leu Asp Met
305 310 315
GGC AAG CGC TAC CGC GAG ACC ATC TTC GAT TTC GCC CGC CAT CGC GAG 1579
Gly Lys Arg Tyr Arg Glu Thr Ile Phe Asp Phe Ala Arg His Arg Glu
20 325 330
CCC GAC GCC TAT CGC CTG ATC GTC GAA CGC AAA GGG GCT GTG CCG CCG 1627
Pro Asp Ala Tyr Arg Leu Ile Val Glu Arg Lys Gly Ala Val Pro Pro
335 a0 345
CCG CAG TGA 1636
Pro Gln

350 .
TCGGAACCTG AAAACGAAAT ATCCCGCCGG ACGGTGGGAA GGTGAAAGGA
TGACAACAGT TATCAAGGGT GGAACATCGT CGCCGCCGAT CGCAGCTATG

CCTGATCGAA GGCGAAAAGA TCGCCCAGAT CGGCAGGGAT CTGCAGGGCG
CGAC |

GGAGTCTCCA 1696
AAGCCGATAT 1756
ACAAGATTGT 1816

1820



TGAGGITGCC GAAAAGCATG TGIGICGITG TTCTCGECEC CTGGEGICACA TCCAGGECGECG: 1201
CCAGGGTGAC GCTGGTGGAA TAGTACCACG ACCGCTTCAG GGCGATCCGC AAGGAGATGC 1261
GGEGTCGCCGG AGCGECAAAG CCCGACATTC GITTCGCACC GACGECCGIC GIGAACTCGA 1321
- CAGTCCGCGA GAAGGGCGTA TTGOGCGGECC TGGACCTGTA CGTCGAAETETA CATE 381

ATAGATTTCC AAAGAGTITTC GGCGAGGCGC GECEHGCCTA GCCCCA

TRRELACFRNAGHEET 441

- 52 - GIGCCCAGAT CAAAGAATGA GACCGACECG CCGGCCGCGGQCANNQENﬁjrﬁTfﬁT¥KIIH
1501 CGGATCTATC GAAGCAGGAG GGECGCACGCT | GHA
1261 @m% Go00000AE CITGITO00s CACKTRASE R RAT
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CLAIMS

1. A process for the production of D-a-amino acids
characterized in-that D-N-carbamoyl-c—amino acids are
converted into the corresponding D-e-amino acids in an
aqueous medium, using a recombinant DNA comprising a wvector
DNA and a DNA fragment having a gene which is related to an
enzyme capable of convérting D-N-carbamoyl-ec-amino acids by
removal of their carbamoyl groups into the corresponding D-
e—amino acids, with the aid-qf an action of said enzyme .
which is produced by a transformant which is obtained by
transformation of host bacterial cells selected from

microorganisms belonging to the genus Escherichia,

Pseudomonas, Flavobacterium, Bacillus, Serratia,

Corynebacterium, or Brevibacterium, after which the

D-c-amino acids produced are collected.

2. A process according to claim 1, wherein D-N-

carbémoyl-u-amino acid is a compound of the general formula:
R-CH(NHCONHZ)-COOH

(wvhere R is pheﬁyl, phenyl substituted with hydroxy, alkyl,
substituted alkyl, aralkyl,.or thienyl). .

3. A process according to claim 1 or 2, wherein
the enzyme produced by the transformant is used as a culture

solution of said transformant, bacterial cells, treated
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bacterial cells, extracts from bacterial cells, immobilized
bacterial cells, or immobilized enzyme.

4. A process according tb any one_of claims 1 to
3, wherein the DNA fragment containing said gene is derived
from eucaryotes, procaryotes, viruses, bacteriophages, or

plasmids.

S. A process according to claim 4, wherein said
procaryotes are bacteria.

6. A process according to claim 5, wherein said
.bacteria are .those selected_from microorganisms be;onging to

the genus Pseudomonas, Agrobacterium, Aerobacter,

RAeromonas, Brevibacterium, Bacillus, Flavobacterium,

Serratia, or Micrococcus.

7. A process according to claim 6, wherein said

bacteria are Pseudomonas sp. KNK 003A (FERM BP-318l1) or

Pseudomonas sp. KNK 505 (FERM BP-3182).

8. A process according to claim 6, wherein said

-bacteria are égiobacterium radiobacter KNK 712 (FERM BP-
1900).

9. A microorganism including a recombinant
comprising a vector DNA and a DNA fragment having a gene
related to an'eﬁzyme capable of D-N-carbamoyl-e-amino acids
into the corresponding D-a-amino acids.

10. A microorganism according to claim 9, wherein
said microorganism including the recombinant is one selected

from microorganisms belonging to the genus Escherichia,

l\

," KA lll!



MOLECULE TYPE: genomi c DNA ORI G NAL SOURCE ORGANI SM Pseudoronas sp.
STRAIN. KNK 003A (PERM BP- 3181) GCATGCGOGG GGAACTGAAG AACTTGCAAG ACGAACTCGG
CATTACCITC GTGCATGTAA 60 CCCATACCCA GOCTGAGGCG A}CEIEIIIELm_mmgalgﬁﬁ

GGTTGTGATG GATA HEPLG

5T
GGAGAGCAT AT(GC
GCCTCTTA ~ GQGA
CCGCATCAGC *A TAAC

GGGTGIGGIC GATTCCACGG 420 AATACCAGGEG CAGCTTCGIG

GGTCAGCA TAGTGCTCGA
CGGIGECGAG ACCTTCGTCG 480

Pseudomonas, Flavobacterium, Bacillus, Serratia,

Corvnebacterium, or Brevibacterium.

11. A microorganism according to claim 10, wherein

said microorganism is Escherichia coli JM 109 pAHD 101,

Escherichia coli JM 109 pAD 108 (FERM BP-3184), Escherichia

coli JM 109 pPHD 301, or Escherichia coli JM 109 pPD 304
(FERM BP-3183). |

12. A process for the production of D-N-carbamoyl-
«—amino acid amidohydrolases characterized by using a
transformant which is obtaipned by transformation of host
bacterial cells selected f;pm microorganisms belonging to

the genus Escherichia, Pseudomonas, Flavobacterium,

Bacillus, Serratia, Corynebacterium, or Brevibacterium, with

a recombinant DNA comprising a vector DNA and § DNA fragment
‘having a gene related to an enzyme capable of converting D-
N-carbamoyl-a-amino acids by removal of their carbamoyl
groups into the correspohding D-ea-amino acids.

13. A process according to claim 12, wherein D-N-

carbamoyl-e-amino acid is a compound-of the general formula:

R-CH(NHCONH, ) ~COOH
(where R is phenyl, phenyl substituted hydroxy, alkyl,
substituted alkyl, aralkyl,_or thienyl).
14. A recombinant plasmid which is obtained by

recombination of plasmid pUC 18 or pUC 19 with 'a DNA



CAAACATGCC CGACCATGAA TTTTTCCLE-AACECGTESATERSGECGIC CCGGETGETCG 540
, '..-weeee GCCGACCACA 600

CCGAAATCTA CCGCTTCCCT GCAGGUGAAA (ﬁGGGCGQFAAA 660
CGGGGTTGAG! TTATCGAGSA—CEACE e mm
Thr Arg Ilg ' 5 - 605‘4- GCA GCCH&] iQHTﬁE

CCC ATC AGC AAG 763 Ala Alg Al
Pro Ile Ser %@%%’W’ rg Lys : é D@ EEB ?997"?

fragment having any one of the restriction endonuclease maps

of Figs. 1-4 and containing an gene related to a D-N-
carbamoyl-ec—-amino acid amidohydrolase derived from

Pseudomonas sp. KNK 003A (FERM BP-318l1) or Agrobacterium

radiobacter KNK 712 (FERM BP-1900).

15. An immobilized enzyme in which an enzyme
capable of converting D-N-carbamoyl-a-amino acids by removal
of their carbamoyl groups into the corresponding D-a-amino

acids is fixed on a suppdrt.for immobilization capable. of
cafrying the enzyme. -

16. A gene for a protein having the enzyme
activity to convert D-N-carbamoyl-a-amino acids by removal
of their carbamoyl groups into the correéponding D-a—-amino
acids, said gene encoding all or a part of the amino acid
sequence of 1lst to 303rd amino acids shown in SEQ ID No. 1
in the accompanying Sequence Listing.

17. A DNA fragment in which the Base sequence of
167th to 232nd bases of SEQ ID No. 1 in the accompanying
Sequence Listing, or a base sequence equivalent thereto, is
attached to the upstream of the 5' end of the DNA fragment
according t§ claim 16.

1s. A.DNA fragment having all or a part of the
base sequence of 1lst to 1785th bases of SEQ ID No. 1 in the
accompanying Sequeﬂce Listing, or having a base sequence
eguivalent thereto, and containing a gene of a protein which

has the enzyme activity to convert D-N-carbamoyl-u-amino

I‘hls Sheet Has Been Repl
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10 : 15 20 GAT ACG GIC CGG CGC CTG ATC
GCG CTC ATG CCC GAG GCG AAG GCC CGC 811 Asp Thr VaI Arg Arg Leu lle
Ala Leu’Met Arg Qu Ala Lys Ala Arg 25 :
35 GGT T TT ACC GAA CTC GCG CTC AccAﬂggqgggm@ﬂyy EET
859 Ay Ser ‘“mmm Phe Thr @uleu Ala Leu Thr; PRe—Phe—d

45 l\mﬂ “\Iﬂ“ CGC TGG GIG ATC GAG GAC GAA GAG CTC GAG
TTC TAC GA L 807°Prb Arg Trp Val Ile Qu Asp G ui Al a GBFERI9% p)
Phe Tyr G u 55 60 6b BAG GAG ATG CO
GGG CCC GAA ACC CAG CCG CTC TTC GAT GAG GCG AAG 955 Lys @ u Met

Ay Pro

GQu Thr A n Pro Leu Phe Asp Qu Ala Lys
acids by'removal of their carbamoyl groups into the
corresponding D-ac—-amino acids.

19. A DNA fragment according to claim 18, which
comprises a DNA fragment encoding the amino acid sequence of
lst to 20th amino acids of SEQ ID_No. 1 in the accompanying
Sequence Listing.

20. A gene of a proteih having the enzyme activity
to convert D-N-carbamoyl-ec-amino acids by removal of their
carbamoyl groups into the corresponding D-a—amino acids,
said gene encoding all or a.part of the émino acid sequence
of 1st to 31llth amino acids of SEQ ID No. 2 in the
accompanying Sequence Listing.

21. A DNA fragment having the base sequence of.lst
to 1820th bases of SEQ ID No. 2 iﬁ the accompanying Sequence
Listing, or having a base seguence equivalent thereto, and
containing a gene of a protein which has the énzyme activity

to convert D-N-carbamoyl-a-amino acids by removal of their

'carbamoyl groups into the corresponding D-a-amino acids.

22. DA DNA fragment according to claim 21, which
comprises a DNA fragment encoding the amino acid sequence of
lst to 20th amino acids of SEQ ID No. 2 in the accompanying
Sequence Listiné.

23. A protein having all or a part of the amino
acid sequence of 1lst to 303rd amino acids of SEQ ID No. 1 in
the accompanying Sequence Listing, and having the enzyme

activity to convert D-N-carbamoyl-a-amino acids by removal



70 75 80

GAG ATC GEC TTC TAT CTC GGT TAT GCC GAG CTG GCG GAG GAG-

85 CC&C TTG

1003 Arg Leu

Gu lle’dy Phe Tyr Leu Gy Tyr Ala Qu Leu Ala Gu GQu
95 100 GGEC GGC AGG AAG CGG CCC TTC AA
GAC CGC AGC 1051 Ay Ay Arg iys2Ag Arg Phe Asn
Asp Arg Ser 105 110 1;
GCC AAG TAC CGC AAG GIG CAC CTG CCC GGG CAC AAA

Val Ay Lys Tyr Arg Lys Val H's Leu Pro Ay H's Lys 12
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130

of their carbamoyl groups into éhe corresponding D-a—-amino
acids.

- 24. A protein according to claim 23, which has the
amino acid sequence of lst to. 20th amino acids of SEQ ID No.
l in the accompanying Sequence Listing.

25. A protein having all or a part of the amino
acid sequence of 1lst ﬁo 3llst amino acids of SEQ ID No. 2 in
the accompanying Sequence Listing, and having the enzyme
activity to convert D-N-carbamoyl-c—amino acids by removal
of their carbamoyl groups into the corresponding D-sc~amino
acids.

26. A protein according to claim 25, which has the
amino acid sequence of lst to 20th amino acids of SEQ ID No.

2 in the accompanying Sequence Listing.

qm
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- 55 - GAG CCG CAG CCC GGC AGG _AAA CAC CAG CAT CTC GAG pAACCCTATIG
1147 Gu Pro dn Pro Gy Arg L ' ley du Lyg'R’EPEAEE“
140 i CRET j GF

145 GAG SGK$TGF,@ggg TC GGTl.f%%ff%6831§TTT
GAC GC GTA 1195 @ u Pr he dyivgl Irp,. ,.gfg%_a
Asp Ay Val 150 155 - 204 ° e i
205 ATG GGC ATG TGC ATT TGC AAC GAC CGC TGG CCG GAGIAQC_TAC. CCG- i
1243 Met Ay Met Cys Ile Cys Asn Asp Arg Arg Trp Pro A& Thr Tyr ‘Arg 210

215 220 GIC ATG GEC TTG CAG GC&A GTG_GA‘
GCEC TAC AApRrOEBSS FOR PRODUCTION OF D-d- AMINO ACIDS

ABSTRACT

The present invention is directed to a gene which
is related to a D-N-carbamoyl-c-amino acid amidohydrolase
which is an enzyme capable of converting D-N-carbamoyl-a-—
amino acids into D-e-amino acids; a recombinant plasmid in
which a DNA fragment containing the gene is incbrporated
into a vector; a microorganism belonging to the genus

Escherichia, Pseudomonas, Flavobacterium, Bacillus,

Serratia, Corynebacterium, or Brevibacterium, which is

transformed by incorporating the recombinant plasmid
thereinto; a process for the production of D-N-carbamoyl-a-~
amino acid amidohydrolases, comprising the steps of
cultivating the transformed microorganism and collecting the
desired producg therefrom; a D-N-carbamoy1¥u-aminq acid
amidohydrolase obtained by the method; and a process for the
production of D-a-amino acids with the aid of an action of

the enzyme.

The D-N-carbamoyl-c—amino acid amidohydrolase can

be fixed on a support for immobilization and used as an

immobilized enzyme.

——
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Val Mt Ay Leu @n dy Val Qu Met Val Met Leu Ay Tyr Asn Thr 225

230 235 CCG TAT GAC CAT ACC GGT CAC GAC GAC ATC GAT TCA
CTC ACC TAG TTT 1339 Pro Tyr Asp H's Thr Ay H s Asp Asp-lle-Asp Ser
Leu Thr @ n Phe 240 245 200 CAC AAT CAT ™
CTC TCC ATG CAG GCG GGC GCC TAC CAG AAT TCG ACC TGG ' ARt H s
Leu Ser Met An Ala Ay Ala Tyr A n Asn Sef2Thr Trp ZEEEPLA@mNTEHHT
260 265 GITG ATC GGC ACC GCC AAA TGC GEC{ACC GAG GAG TCC
AAA ATG GTG 1435 Val Ile Ay Thr Ala Lys Cys Gy {ThD &&F&Bape7 dy| Ser
Lys Met Yal 270 275 28

285 GGG CAG AGC GIG ATC GIT GCG CCC TCC GCC GAG ATC GJC CCT ATG CCC

1483 _ o

Fig.1l

Fig.2




Gy @n Ser Val Ile Val Ala Pro Ser Ay Au Ile Val Ala Met Ala 290

295 _ 300 -56 - TGC ACG ATC GAG GAC GAG ATC ATC ACC CGCA
CGC TGC GAT CTC GAC ATG 1531 Cys Thr Ile Gu Asp Qu lle lle Thr Ala
Arg Qys Asp Leu Asp Met 305 310 315 G&C

AAG CGC TAC CGC GAG ACC ATC TTC GAT TTC GCC CGC CAT CGg i 1579 Ay
Lys Arg Tyr Arg A u Thr Ile Phe Asp Phg2Ala Arg H s Ar @EME

325 330 NT SHEET
06 FEB 1997
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Fig.3
EcoR I
pUC19
Fig.4
BamH I~ Accl
pUC19




CCC GAC GCC TAT CGC CTG ATC GTC GAA.CGC AAA GGG GCT GTG CCG CCG
Pro Asp Ala Tyr Arg Leu Ile Val Qu Arg Lys Ay Al a Val Pro Pro 335
340 345 CCG CAG TGA

1636 Pro G n 350 TCGGAACCTG AAAACGAAAT ATCCCGCCGG ACGGTGGGAA GGTGAAAGGA

1627

GGAGTCTCCA 1696 TGNJVKJKH’TATCAAGG%B(I?VKJUCEN CJGCCKf‘”_J ]

AAGCCGATAT 1756 CCTGATCGAA GGCGAAAAGA TCGCCCCAGAT < yfﬂ%:i

ACAAGATTGT 1816 CGAC

1820 2 1MAR 1997
PROCESS FOR PRODUCTION OF D-d- AMINO ACIDS

ABSTRACT

The present invention is directed to a gene which
is related to a D-N-catbamoyl-c-amino acid amidohydrolase
which is an enzyme capable of converting D-N-carbamoyl-a-
amino acids into D-a-aminp acids; a recombinant plasmid in
which a DNA fragment containing the gene is incorporated
into a vector; a microorganism belonging to the genus

Escherichia, Pseudomonas, Flavobacterium, Bacillus,

Serratia, Corynebacterium, or Brevibacterium, which is

transformed by incorporating the recombinant plasmid
thereinto; a process for the production of D-N—carbaméyl-c-
amino acid amidohydrolases, comprising the steps of
cultivating the transforﬁed microorganism and collecting the
desired product therefrom; a D-N-carbamoyl—u-aminq acid
amidohydrolase obtained by the method; and a ptocess'fo; the
production of D-a-amino acids with the aid of an action of

w the enzyme.

The D-N-catbamoyl-a-amino acid amidohydrolase can

be fixed on a support for immobilization and used as an

immobilized enzyme.

(No appropriate figure)
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act on either D- or L-isomers. In particular, enzymes

having a strict stereoselectivity to D-N-carbamoyl-ec-amino
acids may be referred to aé D-N-carbamoyl-a-amino acid
amidohydrolases

Examples of the DNA fragment containing a gene
which can be used in the present invention are those which
are derived from eucaryotes, prokaryotes, viruses,
bacteriophages or plasmids, and which contain a gene related
to a particular D-N-carbamoyl-s-amino acid amidohydrolase.

s the gene derived from ptokarjotes, preferred are those

which are derived from bacteria belonging to the genus, for

example, Pseudomonas, Agrobacterium, Aerobacter, Aeromonas,

Brevibacterium, Bacillus, Flavobaéterium. Serratia,

Micrococcus, Arthrobacter, Alkaligenes, Achromobacter,

Moraxella, or Paracoccus, and which are related to D-RN-

carbamoyl~c-amino-acid amidohydrolases. Specific examples

of such strains are as follows: Aerobacter cloacae IAM 1221,

Bacillus macroides ATCC 12905, Bacillus alvei IFO 3343,

Brevibacterium ammoniagenes IFO 12071, Flavobacterium

flavescens IPO 3086, Sarcina lutea IFO 1099, Serratia
marcescens IFO 3054,

Micrococcus luteus IFO 12708,.Aeromonas

hydrophilia IFO 3820, Agrobacterium radiobacter sp.KNK 712
(FERM BP-1900),

Pseudomonas- sp. KNK 003A (FERM BP-3181),

Pseudomonas sp. KNK 505 (FERM BP-3182), Agrobacterium 1302

NRRL B11291, Alkaligenes aquamarinus AJ 11199, Achromobacter

liquefaciens AJ 11198, Moraxella nonliquefaciens AJ i1221.




transfornatron of - host bacterral
" belonging to the genus E T nas, Flavobacterium Bacill us,
Serratia, Corynebacteriu 'ﬂvbikﬁeﬂﬁbéiﬁﬁww after which the D-a-anine
acrds produced are col | eft ed. BEPLAGER cess Eccording t nghgw s

err] amno aciad 1s a.gonpound of the geﬁ
-CH(NH &g&n&&h&nx}i(mhere R is phenyl,

ceIIs selected from m croorgani sns

phenyl substrtuted h
aIKQﬁ aIkyI aral kyl, or threnyl) 3. A process
clar |n the enzyne produced by the transfpr

uIt

Paracoccus denitrificans AJ 11222, Arthrobacter fragilus AJ
11223, and the like.

As the typical examples of the above bacteria, the

micological characteristics of Agrobacterium radiobacter sp.KNK

712 (FERM BP-1900), Pseudomonas sp. KNK 003A (FERM BP-3181l),

and Pseudomonas sp. KNK S0S5 (FERM BP-3182) are described
below.

Agrobacterium radiobacter sp.KNK 712.(FERM BP-1900)
(a) Morphology

(1) Cell size and shape: 0.5-1.0 x 2.0-4.0 um, rods
(2) Cellular polymorphism: none
(3) Motility and flagellar'arrangement: active, subpolar
(4) Sporulation: none
(5) Gram-staining: negative
(b) Cultural characteristics on various media.

(1) Meat extract agar plate culture:

satisfactory growth, round, ridgy, smooth margin,

smooth wet surface, white to cream-colored, glossy.,
opague, liguid form

{2) Meat extract agar slant culture:

excellent growth, even growth on the inoculation
line, thick ridge, smooth wet surface, smooth

margin, white to cream-colored, glossy, opaque,
change in the medium

no

(3) Meat extract gelatin stab culture:
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the molecular weight of the protein, it is confirmed that

_bacterial cells,

treated - 58 -
ﬁapFéFtaL:ceLls i mobi | i zed bacteri al
tiﬁﬁ

the enzyme protein is encoded in the gene portion extending

from this site to the termination codon, thereby verifying

the desired gene (Molecular Cloning, A Laboratory Manual,

2nd Ed., Cold Spring Harbor Laboratory Press, Chaps. 4 and
-‘13). According to these procedurés, DNA fragments of SEQ ID
Nos. 1 and 2 in the accompanying Sequenée Listing were

obtained from the strains Agrobacterium radiobacter sp.KNK 712
and Pseudomonas sp. KNK 003Aa.

The thus-obtained gene
encoding the above enzyme-and/or DNA fragment containing

this gene are equivalent to DNA £ragmen£s having another

base sequence which encodes an am;nq acid seguence

corresponding to the above gene and/or DNA fragment because

one amino acid usually corresponds to a. plurality of base
codons, and this fact is obvious.

As the vector used in the present invention,
plasmids, phages, or derivatives thereof can be used, which
are derived from microorganisms and can be autonomously
grovwn in cells of a bacteria belonging to the genus

Escherichia, Pseudomonas. Flavobacterium, Bacillus,

Serratia, Croynebacterium, or Brevibacterium. For example,
host-vector systems described in "Guidelines on Recombinant

DNRA Experiments" (E4d., the Life Science Section of the

Research Development Office-in the Science and Technology
Agency: revised on September 16, 1987), page 55, can be

used. Moreover, vectors,

which have been modified to have a



procaryotes are bacteri a.

6—A—pProces ding to claim5, wherein said
bacteria are those selectédTHEDSMEEEHé@ﬁ@ENi i

_ ns bel ongi ng to the genus
grobact eri un} Aer GEREAEED Aeroffonas, Brevi bacterium
Bac éiéet HE; gggpia@ﬁt@rl um ‘SefFratta, or

Mcrococcus. 7.—A process—accordihng
sai d bacteria argePseudononas sp. REWLQ@&%@P?E@MEET

BP— ﬂ““ “\ nas sp. KNK 505 (FERM BP-3182). 8

to cI '

: -pr-ocess—accondiing
 said bacteria are Agr obact eri um sp. KN 12 ( M
BP-1900) . 9 A m croorgani smincluding a reconbinant Kr;ﬁ”- ll:d:gl?

The D-s-amino acid thus obtained can be represented
~ by the formula: R-CHNH,COOH (R is as defined above)

Examnples

The following will describe the embodiments of the
present invention. The D-c~amino acid produced was detected

and determined by high performance liquid chrdmatography
(HPLC) or thin layer chromatography (TLC).
Example 1

Preparation of recombinant DNA comprising

chromosome DNA from Agrobacterium radiobacter gp.KNK 712 (Ferm
BP-~1900) and vector DNA:-

Agrobacterium radiobacter sp.ENMK 712 (Ferm BP-1900)

was cultivated in 2 liters of L-broth (10 g of

peptone/liter, 5 g of yeast extract/liter, S g of sodium
chloride/liter; pH 7.0) at 33°C for 27 hours, after which

cultures were harvested to give 20 g of bacterial cells.
From the bacterial cells obtained, chromosome DNA was

extracted according to the Marmur method. To 250 yg of this.
chromosome DNA,

2 U of Sau3Al were added, and allowed to

react at 37°C for 30 minutes, thereby causing partial

digescion. From the partially digested DNA, 4-9 kbp DNA

fragments were obtained by agarose gel electrophoresis Oon
the other hand, plasmid pUC_18 was completely digested with
BamHI, and ligated with T4 DNA ligase to the above-obtained

DNA fragments from chromosome, resulting in a mixed solution



conprising a vector DNA and a PRA<kragnent having a gene related to an
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eet Has Been Replaced - 27 -

T,

of various recombinant plasmids.
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Example 2

Selection of plasmid derived from Agrobacterium-

radiobacter sp.KNK 712 (FERM BP-1900) and containing gene

related to conversion of D-N-carbamoyl-ec—-amino acid into the
corresponding D-«-amino acid:-

Using the mixed plasmid solution of Example 1,

Escherichia coli JM 109 was transformed according to the

conventional method. This was inoculated on the medium of

Table 1, containing ampicillin as a selection marker.

Table 1

Polypepgone l gf
Yeast extract 0.5 g
Sodium chloride 0.5 g
Ampicillin 100 mg
Ager S g

Water was added to the .volume of 1 liter (pE 7.0).

The grown colonies were collected and inoculated

into the liquid medium of Table 2, containing D-N-carbamoyl-

alanine as a sole nitrogen source, followed by cultivation
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Using the plasmid pAD 108 obtained in Example 4,

Escherichia coli JM 109 was transformed.

This strain was
cultivated in L-broth containing 100 ug/ml of ampicillin and

100 yg/ml of IPTG at 37°C for 16 hours. From 100 ml of this

culture solution, bacterial cells were harvested and then
suspended in 0.1 M KPB (pH 7.0) to the volume of 10 ml.
This was subjected to ultrasonication while cooling with

ice, followed by centrifugation to give the supernatant as a

crude enzyme solution. Using this crude enzyme solution,

reaction was conducted with_various kinds of D-N-carbamoyl-

c~amino acid shown in Table. 3 as a substrate. To 2 ml of 40
mM D-N~carbamoyl-c~-amino acid (Table 3) and 0.2 M KPB (pH |

5.0), 100 4l of the above crude enzyme solution were added,

thereby allowing to react at 40°C for 20 minutes, and the

amount of D-a—~amino acid produced was determined.

results are shown in Table 3.

The

improvement in the specific activity of a D-N-carbamoyl-a-
amino acid amidohydrolase obtained from JM 109 pAD 108 at.
this time as compared with a crude enzyme solution from

Agrobacterium radiobacter sp.KNK 712 (Ferm BP-1900)

Example 7

Conversion of D-N-carbamoyl-a~amino acid into
D-e-amino acid with enzyme obtained from transformed

strains:-

Using the plasmid pPD 304 obtained in Example 5.
Escherichia coli JM 109 was transformed.

FProm this strain,

Moreover, there was a 10-fold
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Example 1l

Analysis of DNA base sequence for the gene of

enzyme derived from Agrobacterium radiobacter sp.KNK 712 (FERM

BP-1900) and capable of converting D-N-carbamoyl-ea-amino
acid into the corresponding D-c-amino acid:-

' The plasmid pAD 108 containing the gene of a D-N-
carbamoyl-ec—~amino acid amidohydrolase (hereinafter referred

to as amidohydrolase) derived from Agrobacterium radiobacter

sp.KNK 712(FERM BP-1900) was digested with restriction
endonucleases EcoRI and HindlIII (manufactured by Takara

Shuzo Co., Ltd.), and a 1.8 kb DNA fragment was separated

for preparation by agatoée gel electrophoresis. This

fragment was digested with various restriction
endonucleases, and ligated with T4-DNA ligase (manufactured

by Takara Shuzo Co., Ltd.) to Ml3mpl8 or Ml3mpl9, after
which Escherichia coli JM 109 was infected therewith,

resulting in the formation of a plaque. This single plaque

was inoculated into 1.5 ml of 2¥T medium (16 g/l of
bactotrypton (Difco Co.), 10 g/l of yeast extract (Difco
Co.), andps g/l of NaCl) into which 1% JM 109 had been
inoculated, and subjected to shaking culture at 37°C for S
hours. After centrifugation, 200 uyl of 20% polyethylene~
glycol 6000 and 25 M NaCl solution were added to the

supernatant, and allowed to.stand at room temperature for 15

minutes, after which phage particles were recovered as a

precipitate by centrifugation. This was dissolved in 100 ul
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Example 13

Purification of D-N~-carbamoyl-a-amidohydrolase

robacterium radiobacter sp.KNK 712 (Ferm BP-

Agrobacterium radiobacter sp.KNK 712(FERM BP-1900)

was cultivated in the medium of Table 4 at 33°C for 25

Table 4 _
Glycerin 25 g -
Sucrose $'g
 KH,PO, 5 g
Na,HPO, Sg
MgS0, . 7TH,O lg
MnClz.4HZO 10 mg
Yeast extract 4 g
Urea 2 g
D-N-carbamoyl-P-
hydroxyphenylglycine lg

Water was added to the volume of 1 liter (pH 6.5)

Twenty one liters of this culture solution were

harvested and the bacterial_cells were ultrasonicated.
After removal of the residue by centrifugation, nucleic

acids were removed by protamine sulfate treatment (0.1 mg/mg
of protein).

The centrifuged supernatant was subjected to
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heat treatment at 50°C for 20 minutes, and after removal of

the precipitate, protein was precipitated by addition of
ammonium sulfate, and a protein fraction having activity and

being precipitated with 15% to 35% saturated ammonium

sulfate was recovered. This fraction was dissolved and

subjected to HPLC using DEAE-Spw column (manufactured by

Toso Co., Ltd.), followed by elution with a concentration

gradient of NaCl and recovered active fractions. At this

stage, in comparison with a, suspension of disintegrated

bacterial cells, there was about 20-fold increase in the

specific activity of amidohydrolase; When this fraction was

analyzed by SDS-polyacrylamide gel electrophoresis, this
amidohydrolase migrated near to the position correspondihg
to the moleculat weight of about 35,000.

.Example 14

Determination of amino acid segquence around protein

amino terminus of D-N-carbamoyl-c—amino acid amidohydrolase

derived from Agrobacterium radiobacter sp.KNK 712(FERM Bp-
1900):~

A purified amidohydrolase preparation produced by
Agrobacterium radiobacter sp.KNK 712(FERM BP-1900) obtained in

Example 13 was charged in a_reverse-phase HPLC column (AP—.

303; manufactured by YMC Co.), and eluted with a

concentration gradient of acetonitrile. This fraction

containing the amidohydto;ase was charged foi analysis in a

gas~phase protein sequencer (manufactured by Applied
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bacterial cells, extracts from bacterial cells, immobilized
bacterial cells, or immobilized enzyme.

4. A process according to any one of claims 1 to

3, wherein the DNA fragment containing said gene is derived
from eucaryotes, procaryotes, viruses, bacteriophages, or

plasmids.

5. A process according to claim 4, wherein said

procaryotes are bacteria.

6. A process according to claim S5, wherein said

bacteria are those selected._from microorganisms belonging to

the genus Pseudomonas, Aqrobacterium, Aerobacter,
Aeromonas.,

Brevibacterium, Bacillus,

Flavobacterium,

Serratia, or Micrococcus.

7.

A process according to claim 6, wherein said
bacteria are Pseudomonas sp. KNK 003A (FERM BP-3181) or
Pseudomonas sp. KNK S$05 (FERM BP-3182).

8.

A process according to claim 6, wherein said
bacteria are Agrobacterium radiobacter sp.KNK 712 (FERM BP-
1900).

9. A microorganism including a recombinant

comprising a vector DNA and a DNA fragment having a gene
related to an enzyme capable of D-N-carﬁamoyl—u-amino acids

into the corresponding D-a~amino acids.

10. A microorganism according to claim 9, wherein

said microorganism including the recombinant is one selected

from mietootgahlsms belonging to the genus Escherichia,

ty

0 acids. 19. A EﬁkLﬁbgmgﬂiv‘dllig?%g

A



20. A gene of a protein having the enzyme activity to convert
» D-N-carbanoyl -[err] -am no acids by renoval

t he correspondi ng D a- am noaetds—sai coding all or a part of the
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fragment having any one of the restriction endonuclease maps
of Figs. 1-4 and containing an gene related to a D-N-

carbamoyl-afamino-acid amidohydrolase derived from

?seudqmonas sp. KNK 003A (FERM BP-3181) or Agrobacterium
radiobacter sp.KNK 712 (FERM BP-1900).

1S.

An immobilized enzyme in which an enzyme
capable of converting D-N-carbamoyl-c—amino acids by removal

of their carbamoyl groups into the corresponding D-e-amino

acids is fixed on a suppett for immobilization capable of

carrying the enzyme.

16. A gene for a protein having the enzyme.
activity to convert D-N-carbamoyl—ec—amino acids by removal
of their carbamoyl groups into the corresponding D-a-amino
acids, said gene encoding all or a part of the amino acid

sequence of lst to 303rd amino acids shown in SEQ ID No. 1l
in the accompanying Sequence Listing.

17. A DNA fragment in which the base sequence of

167th to 232nd bases of SEQ ID No. 1l in the accompanying
Sequence Listing, or a base sequence equivalent thereto, is

attached to the upstream of the 5' end of the DNA fragment
according to claim 16.

18. A DNA fragment having all or a part of the

base sequence of lst to 1785th bases of SEQ ID No. 1 in the
accompanying Sequence Listing, or having a base sequence
equivalent thereto, and containing a gene of a protein which

has the enzyme activity to convert D-N-carbamoyl-gc-amino

\\\\\\\s\\\ : This Sheet Has Been Replaced
B i




22. A DNA fragnent according to claim21, which conprises a DNA fragnent
encodi ng the am no acid sequence of 1st to 20th am no acids of SEQ 1D No. 2
i n the acconpanyi ng Sequence Listing. 23. A proteiffg v i Q part of
the am no acid sequence of 1st to 303rd am no acid gﬁxgggﬁﬁ HEE in the
acconpanyi ng Sequence Listing, and having the enzy activity to ¢onvert

D- N- car banoyl - a-am no aci ds by renoval
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act on either D- or L-isomers. In particular, enzymes

having a strict stereoselectivity to D-N-carbamoyl-e-amino
acids may be referred to as D-N-carbamoyl-ac-amino acid
amidohydrolases

Examples of the DNA fragment containing a gene
which can be used in the present invention are those which
are derived from eucaryotes, prokaryotes,. viruses,
bacteriophages or plasmids, and which contain a gene related
to a particular D-N-carbamoyl-sc-amino acid amidohydrolase.
As the gene derived from prokaryotes, preferred are those
which are derived from bacteria belonging to the genus, for

example, Pseudomonas, Agrobacterium, Aerobacter, Aeromonas,

Brevibacterium, Bacillus, Flavobaﬁterium, Serratia,

Micrococcus, Arthrobacter, Alkaligenes, Achromobacter,

Moraxella, or Paracoccus, and which are related to D-N-

carbamoyl~e—amino-acid amidohydrolases. Specific examples

of such strains. are as follows: Aerobacteg cloacae IaM 1221,

Bacillus macroides ATCC 12905, Bacillus alvei IFO 3343,

Brevibacterium ammoniagenes IFO 12071, Flavobacterium

£lavescens IFO 3086, Sarcina lutea IFO 1099, Serratia

marcescens IFO 3054, Micrococcus luteus IFO 12708,.Aeromonas

hydrophilia IFO 3820, Agrobacterium sp.KNK 712
(FERM BP-1900),

Pseudomonas-sp. KNK 003A (FERM BP-3181),

Pseudomonas sp. KNK 505 (FERM BP-3182), Agrobacterium 1302

NRRL B11291, Alkaligehes aguamarinus AJ 11199, Achromobacter

liquefaciens AJ 11198, Moraxella nonliquefaciens AJ 11221,



of their carbanpbyl groups into the corresponding D
protein according to claim23, which has the am no
20th amino acids of SEQID No. 1 in the acconpanyirig
A protein having all or a part of thegam no acid sg
am no acids of SEQID No. 2 in the acconpanyi ng Sed
havi ng the enzyne activity to convert D-N- carbanoyl
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acids. 26. A protein according to claim 25, which has—the
Paracoccus denitrificans AJ 11222, Arthrobacter fragilus AJ
11223, and the like.
As the typical examples of the above bacteria, the
micological characteristics of Agrobacteriur Sp. KNK .
712 (FERM BP-1900), Pseudomonas sp. KNK 003A (FERM BP-3181),
and Pseudomonas sp. KNK SOS_(FERH BP-3182) are described
, below.
L
Agrobacterium sp. KNK 712 (FERM BP-1900)
(a) Morphology -
1 (1) Cell size and shape: 0.5-1.0 x 2.0-4.0 uym, rods
! (2) Cellular polymorphism: none
(3) Motility and flagellar arrangement: active, subpolar
(4) Sporulation: none
(5) Gram~staining: negative
(b) Cultural characteristics on various media.
(1) Meat extract agar plate éulture:
L

satisfactory growth, round, ridgy,

smooth margin,

smooth wet surface, white to cream-colored, glossy,

opaque, liquid form

(2) Meat extract agar slant culture:

excellent growth, even growth on the inoculation

line, thick ridge, smooth wet surface, smooth

margin, white to cream-colored,

change in the medium

(3) Meat extract gelatin stab culture:

glossy, opaque, no
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the molecular weight of the protein, it is confirmed that
the enzyme protein is encoded in the gene portion extending
from this site to the termination codon, thereby verifying
the desired gene (Molecular c1oning, A Laboratory Manual,
2nd Ed., Cold Spring Harbor Laboratory Press, Chaps. 4 and
13). . According to these procedures, DNA fragments of SEQ ID

Nos. 1 and 2 in the accompanying Sequenée Listing vwere

obtained from the strains Aqrobacterium sp. KNK 712

and Pseudomonas sp. KNK 003A. The thus-obtained gene
encoding the above enzyme-and/or DNA fragment containing

this gene are equivalent to DNA fragments having another

base sequence which encodes an amino acid sequence

corresponding to the above gene and/or DNA fragment because

one amino acid usually corresponds to a plurality of base
codons, and this fact is obvious.

As the vector used in the present invention,
plasmids, phages, or derivatives thereof can be used, which
are derived from microorganisms and can be autonomously

grown in cells of a bacteria belonging to the genus

_Escherichia. Pseudomonas, Flavobacterium, Bacillus,

Serra;ia. Croynebacterium, or Brevibacterium.

For example,
host-vector systems described in “Guidelines on Recombinant
DNA Experiments" (Ed., the Life Science Section of the

Research Development Office-in the Science and Technology
Agency:

revised on September 16, 1987), page 55, can be

used. Moreover,

vectors, which have been modified to have a
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The D-c-amino acid thus obtained can be represented

by the formula: R-CHNH,COOH (R is as defined above).

Examples

The following will describe the embodiments of the
present invention. The D-~c-amino acid produced was detected

and determined by high performance liquid chromatography
(HPLC) or thin layer chromatography (TLC).
Example 1

Preparation of recombinant DNA comprising
chromosome DNA from Agrobacterium sp. KNK 712 (Ferm BP-

1900) and vector DNA : -

Agrobacterium sp. KNK 712 (Ferm BP-1900)
was cultivated in 2 liters of L-broth (10 g of

peptone/liter, 5 g of yeast extract/liter, S g of sodium

chloride/liter; pH 7.0) at 33°C for 27 hours, after which

cultures were harvested to give 20 g of bacterial cells.
From the bacterial cells obtained, chromosome DNA was

extracted according to the Marmur method. To 250 ug Of this.
chromosome DNA, 2 U of Sau3Al were added, and allowed to

react at 37°C for 30 minutes, thereby causing partial
digescion. From the partially digested DNA, 4-9 kbp DNA

fragments were obtained by agarose gel electrophoresis. On
the other hand, plasmid pUC_18 was completely digested with
BamHI, and ligated with T4 DNA ligase to the above-obtained

DNA fragments from chromosome, resulting in a mixed solution
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of various recombinant plasmids.

Example 2

Selection of plasmid derived from Agrobacterium

" sp. KNK 712 (FERM BP-1900) and containing gene

related to conversion of D-N-carbamoyl-c—-amino acid into the
corresponding D-e-amino acid:-

Using the mixed plasmid solution of Example 1,

Escherichia coli JM 109 was transformed according to the

conventional method. This was inoculated on the medium of

Table 1, containing ampicillin as a selection marker.

Table 1

Polypeptone 1 gf
Yeast extract 0.5 g
Sodium chloride 0.5 g
Ampicillin 100 mg
Ager 15 g

Water was added to the .volume of 1 liter (pH 7.0).

The grown colonies were collected and inoculated

into the liquid medium of Table 2, containing D-N-carbamoyl-

alanine as a sole nitrogen source, followed by cultivation.
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Using the plasmid pAD 108 obtained in Example 4,
Escherichia coli JM 109 was transformed.

This strain was
cultivated in L-broth containing 100 ug/ﬁl of ampicillin and

100 ug/ml of IPTG at 37°C for 16 hours. From 100 ml of this

culture solution, bacterial cells were harvested and then
suspended in 0.1 M kPB (pH 7.0) to the volume of 10 ml.
This was subjected to ultrasonication while cooling with

ice, followed by centrifugation to give the supernatant as a

crude enzyme solution. Using this crude enzyme solution,

reaction was conducted with_various kinds of D-N-carbamoyl-

c—amino acid shown in Table. 3 as a substrate. To 2 ml of 40

‘mM D-N-carbamoyl-c-amino acid (Table 3) and 0.2 M KPB (pH

7.0), 100 ul of the above crude enzyme solution were added,
thereby allowing to react at 40°C for 20 minutes, and the

amount of D-o-amino acid produced was determined. The

results are shown in Table 3. Moreover, there was a 10-fold

improvement in the specific activity of a D-ﬁ-éarbamoYl-h-
amino acid amidohydrolase obtained from JM 109 pAD 108 at.

this time as compared with a crude enzyme solution from
Agrobacterium

sp. KNK 712 (Ferm BP-1900)
Example 7
Conversion of D-N-carbamoyl-e-amino acid into
D-c-amino acid with enzyme obtained from transformed

strains: -

Using the plasmid pPD 304 obtained in Example S,
Escherichia coli JM 109 was transformed.

From this strain,
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Example 11l

Analysis of DNA base sequence for the gene of

enzyme derived from Agrobacterium gp. KNK 712 (FERM
BP-1900) and capable of converting D-N-carbamoyl-a-amino
acid into the corresponding D-ec-amino acid:-

_ The plasmid pAD 108 containing the gene of a D-N-

carbamoyl-c—-amino acid amidohydrolase (hereinafter referred

to as amidohydrolase) derived from Agrobacterium

sp.KNK 712(FERM BP-1900) was digested with restriction
endonucleases EcoRI and HindIII (manufactured by Takara

Shuzo Co., Ltd.), and a 1.8 kb DNA fragment was separated

for preparation by agarose gel electrophoresis. This
fragment was digested with various restriction

endonucleases, and ligated with T4-<DNA ligase (manufactured

by Takara Shuzo Co., Ltd.) to M13mpl8 or Ml3mpl9, after

which Escherichia coli JM 109 was infected therewith,

Iresulting in the formation of a plagque. This single plaque

was inoculated into 1.5 ml of 2¥YT medium (16 g/l of
bactotrypton (Difco Co.), 10 g/1 of yeast extract (Difco
Co.), and 5 g/1 of NaCl) into which 1% JM 109 had been

inoculated, and subjected to shaking culture at 37°C for 5

hours. After centrifugation,

200 1l of 20% polyethylene-
glycol 6000 and 25 M NaCl solution were added to the

supernatant, and allowed to.stand at room temperature for 15
minutes, after which phage particles were recovered as a

precipitate by centrifugation. This was dissolved in 100 ul
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Example 13

Purification of D-N-carbamoyl-a-amidohydrolase

derived from Agrobacterium sp. KNK 712 (Ferm BP- 1900)

Agrobacterium SR. KNK 712 (FERM BP-1900)

was cultivated in the medium of Table 4 at 33°C for 25
hours.

Table 4
Glycerin 25 g
Sucrose S g
KH,PO, 5gq
Na,HPO, 5 g
MgSO,.7H,0 lg
MnCl,.4H,0 10 mg
Yeast extract 4 g
Urea T 24

D-N-cérbamoyl-?-
hydroxyphenylglycine l g
Water was added to the volume of 1 liter (pH 6.5).

Twenty one liters of this culture solution were
harvested and the bacterial_cells were ultrasonicated.
After removal of the residue by centrifugation, nucleic

acids were removed by protamine sulfate treatment (0.1 mg/mg

of protein). The centrifuged supernatant was subjected to
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heat treatment at 50°C for 20 minutes, and after removal of

the precipitate. btotein was precipitated by addition of
ammonium sulfate, and a protein fraction having activity and

being precipitated with 15% to 35% saturated ammonium

sulfate was recovered. fhis fraction was dissolved and

subjected to HPLC using DEAE-Spw column (manufactured. by

Toso Co., Ltd.), followed by elution with a concentration

gradient of NaCl and recovered active fractions. At this
stage, in comparison with a_ suspension of disintegrated

bacterial cells, there was about 20-fold increase in the

specific activity of amidohydrolase. When this fraction was
analyzed by SDS-polyacrylamide gel electrophoresis, this

amidohydrolase migrated near to the position correspondihg
to the molecular weight of about 35,000.
Example 14

Determination of amino acid seguence around protein

amino terminus of D-N-carbamoyl-c—amino acid amidohydrolase

derived from Agrobacterium sp. KNK 712 (FERM BP-1900)

A purified amidohydrolase preparation produced by
Agrobacterium sp. KNK 712 (FERM BP-1900) obtained in

Example 13 was charged in a_reverse-phase HPLC column (AP-.
303; manufactured by YMC Co.). and eluted with a
concentration gradient of acetonitrile. This fraction

containing the amidohydrolase was charged for analysis in a

gas-phase protein sequencer (manufactured by Applied
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bacterial cells, extracts from bacterial cells, immobilized
bacterial cells, or immobilized enzyme.

4. A process according to any one of claims 1 to

3. wherein the DNA fragment containing said gene is derived

from eucaryotes, procaryotes, viruses, bacteriophages, or
plasmids.

S. A process according to claim 4, wherein said

procaryotes are bacteria.

6. A process according to claim S, wherein said

bacteria are those selected. from microorganisms belonging to

the genus Pseudomonas, Agrobacterium, Aerobacter,
Aeromonas,

Brevibacterium, Bacillus,

Flavobacterium,

Serratia, or Micrococcus.

7.

A process according to claim 6, wherein said

bacteria are Pseudomonas sp. KNK 003A (FERM BP-3181) or
Pseudomonas sp. KNK 505 (FERM BP-3182).

8. A process according to claim 6, wherein said

bacteria are Agrobacterium sp. KNK 712 (FERM BP-1900)..

9. A microorganism including a recombinant

comprising a vector DNA and a DNA fragment having a gene
related to an enzyme capable of D-N-carbamoyl—u—amino acids

into the corresponding D-a~amino acids.

10. A wmicroorganism according to claim 9, wherein

said microorganism including the recombinant is one selected

from microorgan;sms belonging to the genus Escherichia,

f—
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fragment having any one of the restriction endonuclease maps

of Figs. 1-4 and containing an gene related to a D-N-

carbamoyl*u-amino.acid amidohydrolase derived from

Pseudomonas sp. KNK 003A (FERM BP-3181) or Agrobacterium
sp. KNK 712 (FERM BP-1900).
1S.

An immobilized enZyme in which an enzyme
capable of converting D-N-carbamoyl-—e-amino acids by removal

of their carbamoyl groups into the corresponding D-ea-amino
acids is

fixed on a suppdrt for immobilization capable of

carrying the enzyme.

16. A gene for a protein having the enzyme
activity to convert D-N-carbamoyl-c—amino acids by removal
of their

carbamoyl groups into the corresponding D-a-amino
acids, said gene encoding all or a part of the amino acid
sequence of lst to 303rd amino acids shown in SEQ ID MNo.

in the accompanying Sequence Listing.
17.

1

A DNA fragment in which the base sequence of
167th to 232nd bases of SEQ ID No. 1 in the accompanying

Sequence Listing, or a base sequence equivalent thereto, is

attached to the upstream of the 5' end of the DNA fragment
according to claim 16.

18. A DNA fragment having all or a part of the

base sequence of 1st to 1785th bases of SEQ ID No.

L in the
accompanying Sequence Listing, or having a base sequence

equivalent thereto, and containing a gene of a protein which

has the enzyme activity to convert D-N-carbamoyl-ac~-amino



