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SPECI FI CATI ON I-MVOBI LI ZED ENZYME PREPARATI ON AND PROCESS FOR PRODUCI NG
D-[err]-AMNO ACID Field of the Invention The present invention relates to
afi i-nffobi | i zed enzynme preparation and a process for producing D-[err]-am no
acids using the sane. In particular, the i mobilized enzyme preparation of
the present invention serves for the production of D-[err]-amno acids
whi ch are available as internediate materials of antibiotics, such as
D (p- hydroxy- phenyl)glycine used in the production of antibiotic
anoxicillin. Prior Art It has already been known fromJP-B 57-18793, JP-B
63- 20520, JP-B 1-48758, etc., that there exist sone enzynes (hereinafter
referred to as "decarbanyl ases") capablSPEFIRIGANHEGN ng
N-carbanyl -D-[err]-am no acid derivatives into D-a-amno acids. Wth
respect to the other nunerous enzynes, it has already been known that the

use of these enzyries or enzy e, 09Uk 5k ohHehRRRLSY hkged O

i rmobi l i zed form nakes
' PROCESS FOR PRODUCING D-o~AMINO ACID

Field of the Inven;ion

The present invention relates to an immobilized
enzyme preparation and a'process for proaucing D-a—-amino
acids using'the same. In particular, the immobilized enzyme
.pfeparation of the present invention serves for the
production of D-a-amino acids which are available as
intérmediate materials df antibiotics, such as D—(p—hydroxy;
~phenyl)glycine used in thé production of antibioti¢
amoxicillin. |

Prior Art

It has already been known from JP-B 57-187%93, JP-B
63-20520, JP-B 1-48758, etc., that there.exist some enzymeé
(hereinafter referred to as "decafbaﬁylases“) capébie of
converting N-carbamyl-D-ea—amino acid derivatives into
D-a-amino acids.

With respect to the other numerous enzymes, it has
already been known that the use of these enzymes or enzyme-
producing cells in insolubilized or immobilized form makes
it possible to prepare an enzyme reaction mixture having
only a few impurities, which resuits in an easy recovery of

the product, and also makes it possible to attain the



It possible to prepare an enzynme reaction m xture having only a few

I mpurities, which results in an easy recovery of the product, and al so
makes ’it possible to attain the 2 repeated use of these enzymes, which
i s advantageous fromthe view point of cost recovery. Mreover, there has
been obtained a good effect by the use in the“production on an industri al
scale. In the case of a decarbanyl ase, however, the possibility of using
this enzynme as an i nmobilized enzyne is generally suggested as a node of
use only in JP-B 63-20520, although there are sone exanples of using this
enzynme in the formof whole cells, toluene-treated bacterial cells,

acetone-treated popeigte@iuselds Eed®!dndyss SXIHAM Sis HiRAM GITLE @
usi ng a decarbanylase will cause a problemof howto naintain its enzyne

activity, althoughei¢iées pxinbid®codth pardvenyt.ar Mddeywdml |tHratd dhd rbeen
repeated use, and they cannot be used on a commercial base. '
obtained a good effect by the use in the production on an
industrial scale.
In the case of a decarbamylase, however, the
- possibility of using this enzyme as an immobilized enzyme is
generally suggested as a mode of use only in JP-B 63-20520,
although there are some examples of using this enzyme in the
form of whole cells, toluene-treated bacterial cells,
acetone—treated péwder of cells or cell-free extracts.
These examples of using a decarbamylase will cause
a problem of how té maintain its enzyme activity, although
it is exhibited. In particular, they fall behind in

repeated use, and they cannot be used on a commercial base.

Objects of the Invention

The present invention is to obtain an immobilized
enzyme preparation of decarbamylases with stability
sufficient to withstand the repeated use and attempts'to use
it in the production on an industrial scale.

Under these .circumstances, the present inventors
have intensively studied. As the result, they have found

~that an antioxydant is effective for the stabilization of
decarbamylases ahd'that a repeatedly usable immobilized
preparation of decarbamylases can be obtained by bringing
the carbamylases into contact with a solid support in the

presence thereof, thereby completing the present invention.



bj ects. of the Invention The present invention is to obtain an inmobilized
enzyne preparation of decarbanylases with stability sufficient to wthstand
the répeated use and attenpts to use it in the production on an industrial
scal e. Under these circunstances, the presenty i_nventors have intensively
studied. As the result, they have found that an antioxydant is effective
for the stabilization of decarbanyl ases and that a repeatedly usable

i obi | i zed preparation of decarbanyl ases can be obtained by bringing the
carbanyl ases into contact with a solid support in the presence thereof,

t hereby conpleting the present invention. 3 Summary of the Invention The
present invention provi dSammarenafnenheapavéet dbdbnproducing D-[err]-am no
acids by hydrolysis of N-carbanyl- D-[err]-am no acids (decarbanyl ase); an
i mobi | i zed enzyme prepafhei pneshakatteenkedni prenides takorpFiRRCapRR iQf

producing D-o~amino acids by hydrolysis of N-carbamyl-
D—a;amino acids (decarbamylase); an immobilized enzyme
preparation characterized in that it comprises an anti-
oxydant and an approp?iate support for immobilization; a
process for producing the said immobilized enzyme prepara-
tion, characterized in that a decarbamylase is brought into
contact with a support for immobilization in the presence of
an antioxydant; and a process for producing D-c-amino acids,
characterized in that the said immobilized enzyme prepéra—
tion is allowed to act on N-carbamyl-D-a-amino acids.

Detailed Description of the Invention

The decarbamylase used in the present invention may
be any one of the enzymes having an action to remove an
N-carbamyl group from N-carbamyl-D-ea—amino acids, and it may
be either-one having a stereospecific action on D-amino
acids or one having an action on both of D- and L-amino
acids. Depeﬁding upon the mode of use, enzymes specific to
D-amino acids are usually useful in many cases.

The enzyme source, such as animals, plants and
microorganisms, is not particularly limited, with micro-
organisms being preferred for the produétion on an .
industrial scale. Examples of the microorganisms are
naturally occurring microorganisms éuch as those belonging

to the genus, e.g., Agrobacterium, Pseudomonas,




oxydant .and an appropriate support for imobilization; a process for
producing the said i mobilized enzyne prepara- tion, characbﬁnsgﬁ ET AAS BBEN
asdecdr banyl ase is brought into contact with a support for |nnDh1;uAaEDon
in the presence of an antioxydant; and a progess for producin

D-[err]-am no acids, characterized in that the said |nnDb|Iﬁze@hE Mﬁ%@“ %
prepara- tion is allomed to act on N-carbanyl-D-[err] ani no | &é d
Description of the Invention The decarbanyl ase used in the present

i nvention may be any one of the enzymes having an action to renove an

N- car banyl group from N-carbanyl-D-[err]-am no acids, and it may be either
one having a st érébgspbactiec,asdlkabiganés ankonremobiscoer pndohaxehba an acti on
on both of D and L-am no acids. Depending upon the node of use, enzynes
specific to D aBRHacaerds-aperobaatey. ukefomonas npye vhbagte Theme lus,
source, such as_animals, plants and mi croorgani sps, is not particul arl
linited, with nEdR¥obackaniumsapgi BBrpabidrray ‘Fb?‘-‘Jf%e‘E)rb'éluﬁ?l%ns_bnl%#?"

i or oor gani sme. SBGH SO CHAZ BRHORGT R TAETRE: GERdes Br br e CabBEREYer | i

Pseudononas,

organisms which have being conferred, by gene manipulation
methods, a given or enhanced ability to produce decarbamy-
lases, as described in JP-B 2-400848. Typical examples of

these microorganisms are Agrobacterium radiobacter KNK 712

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

Pseudomonas sp. KNK505 (FERM BP-3182), Escherichia coli

JM109 pAD108 (FERM BP-3184) and Escherichia coli JM109

pPD304 (FERM BP-3183).

In the éresent'iﬁQention, the said decarbamylase
may.be present in the immobilized enzyme preparation, as a
purified enzyme, a partially-purified énzyme or a crude -
enzyme, or in some cases, as it is in the form of bacterial
célls. If only this enzyme is under the conditions that it
can exhibit the decarbamyl activity, there is no need for

take cére to its existence form and contaminants.

As the antioxydant, dithiothreitol, 2-mercapto-
ethanol, L-cysteine hydrochloride, cysteamine hydrochloride,
dithiocerythritol, mixtures of dithiothreitol and dithio-
erythritol, or reduced-type glutathione can be used.

The support used for immobilization may vary
depending upon the mode of decarbamylase immobilization;

in cases where crude enzyme solutions such as cell-free

cet Has Been Replaced
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4 Arthrobacter, Al kaligenes, Achronobacter, Mraxella, Paracoccus,

Aer obacter, Aerononas, Brevibacterium Bacillus, Plavobacterium and
Serratiia, as disclosed in JP-B 57-18793, JP-B 63-20520 and JP-B 1-48758,
and artificial mcro- organisns which have b& ng conferred, by gene
mani pul ati on net hods, a given or enhanced ability to produce decarbany-

| ases, as described in JP-B 2-400848. Typical exanples of these

m croorgani snms are Agrobacteriumsp. KNK 712 ( PERM BP-1900), Pseudonobnas
sp. KNK 003A (FERM BP-3181), Pseudononas sp. KNK505 (FERM BP—3182)

oPDB04 (FERM BPe¥EBSFLe| Rt RATbiadche PRATEAER GRN= VG, SaIE HorarPaRYt A28 Wy
be present | n ¢ b LAVRRLLI 269, S0LY R BRSRAT 84 PO 5 2 B\ L EE ORGY FinoBy

partial ly-purified enzyne or

the form of bacthrzla@lmae' gspolgﬁneengprm% HQ%YHS b8 ugﬁ@ﬁaﬁ@@ §08Gh4 | 9PS

covalent~-bonding groups can be used.

As the polymer support having ion exchange groups,
.an anionic exchange resin such as a series of Duolite
(reglstered trade mark) A and Amberlite IRA (registered
trade mark), having primary, secondary, tertiary and
quaternary amines as exchange groups, or a polystylene resin
h;§ing diethanol-type functional groups, such as Diaion EX,
can be used. |

As those having covalent-bonding groups, a
substituted polymethacryiéte polymer having aldehydes as
bonding groups, or high-density almina covered with a
polyethyleneimine/glutaraldehyde composite can be used.

Moreover, for immobilization of whole cells such as
viable bacterial cells or dried bacterial cells, a polymer .-
such as polyacrylamide, polyurethane and calcium alginate,
or a porous material such as pumice and almina, can be used.

The immobilized enzyme preparation of the present
invention can be produced as follows.

First, a cuiture of microorganisms is prepared, and
bacterial cells are collected therefrom. Then, a cell-free
extréct is prepared by ultrasonic.disruption, mechanical
disruption (e.qg., homégenize;), enzyme treatment or the

like. 1In this case, an antioxydant is allowed to exist at a



can exhibit the decarbanyl activity, there is no need for take care to.its
exi stence formand contam nants. As the antioxydant, dithiothreitol,

2:mer capt o- et hanol, L-cysteine hydrochloride, cysteam ne hydrochl oride,
dithioerythritol, mxtures of dithiothreital gnd dithio- erythritol, or
reduced-type gl utathione can be used. The support used for imobilization
may vary dependi ng upon the node of decarbanylase immobilization; in cases

where crude enzynme solutions such as cell-free = -5- extracts or
partially-purified enzynme solutions obtained by fractionation w th anmoni um
sulfate are subjected to i mobi- lization, a polynmer support having ion

exchange groups aynooval arnitorbarfdiong gpoapsmaanUBeaaéedabAyttﬁeﬂwblyner
support having ion exchange groups, an anionic exchange resin such s
series of Duolite (registEatedher mtmlkPuAléﬁﬁaAﬂf@é‘r Pift 81’ RAZF NSy EL OBy é&]‘e

trade nark havi n rimary, secondary, tertiar
) cef&l%ree g&tract, any means usu%l%y used by those skilled

in the art is employed. For example, nucleic acids are
pfecipitated by addition of protamine sulfate in a 1/5 to
1/10 quantity to the amount of proteins, and after heating
at 50° to 60°C for about 20 minutes, heat-instable proteins
are precipitated by cooling to 4°C, after which the nucleic
acids and the heat instable proteins are removed by
centrifugation. Further, fractionation with ammonium
sulfate is conducted, if necessary, to obtain an enzyme
solution to be brought into contact with a support.

During this step, an antiﬁxyaant is allowed to exisE at a
concentration of 0.1 to 20 mM, usually about 5 mM.

The support whose exchange groups has been.
activated with saline and then equilibrated in a buffer
containing 0.1 to 20 mM, usually about 5 mM, of antioxydant
ié used. The support and the enzyme solution are brought
into contact with each other in the presence of an anti-
oxydant at a concentration of 0.1 to 20 mM, usually about
5 mﬁ, followed by stirring at 4° to 30°C, preferably 25°C.
After the amount of enzyme adsorbed reaches the desired
amount (usually after 8 to 48 hours), the support is removed
by filtraﬁion and treated with a cross-linking agent'to
attain the stability of enzymes by insolubilization. As the

cross-linking agent, for example, those known in the art can



guat ernary am nes as exchange groups, or a polystylene resin having

di et hanol -type functional groups, such as Diaion EX, can be used. As those.
havi ng’ coval ent - bondi ng groups, .a substituted pol ymet hacryl ate pol yner
havi ng al dehydes as bondi ng groups, or high-density almna covered with a
pol yet hyl enei mi ne/ gl ut ar al dehyde conposite can be used. Mreover, for

| mobi Iization of whole cells such as viable bacterial cells or dried
bacterial cells, a polyner such as polyacryl am de, pol yurethane and cal ci um
al ginate, or a porous material such as pum ce and al m na, can be used. The

i obi |'i zed enzyne preparation of the present invention can be produced as
follows. First, ba agleldyr sueh &sChoer gashsas tRapr epa( etk £ ewnab byce €24 al

cells are collected therefrom Then, a cell-free extract is prepared by

ul trasoni c di sr gpuitaraldetlydei.call tdisr apsbopré€egred homygemn zanf joxydame is

treatment or the like. In this case, an antioxydant is allowed to exist at

a allowed to exist at a concentration of 0.1 to 20 mM during
this step. The cross-linked, immobilized enzyme preparation
is washed with distilled water or a buffer (preferably
containing an antioxydant), and stored under the moisturized
conditions in a sealed vessel at low temperatures (about
4°C).

It is preferred that all procedures are conducted,
if possible, in the atmosphere of an inert gas such as
nitrogen.. The amount of enzyme to be loaded, although it
may vary depending upon the degree of pu¥ification of this
enzyme, is usually in the.range of 10 to 80 units/g of
support (wherein one unit of decarbamylase refers to tﬁe
amount of enzyme required to convert 1 pymol of N-carbamyl-
D-(p-hydroxyphenyl)glycine into D—-(p—-hydroxyphenyl)glycine
within one minute). It is preferred that an antioxydant is
allowed to exist in the immobilized enzyme preparation at an
amohnt of 5 to 10 mg/g of the preparation._

Then, the following will describe the process for
producing D-a-amino acids from N—carbémyl—D—u—amino acids by
use of aﬁ immobilized preparation of decarbamylases.

The reaction is conducted in the presence of an

antioxydant, and it can be expressed by the reaction scheme:



6 concentration of 0.1 to 20 mM wusually about 5 MM For the parti al
purification of an enzynme fromthe cell-free extract, any neans usually
used by those skilled in the art is enployed. For exanple, nucleic acids
are precipitated by addition of protam ne sulfate in a 1/5 to 1/10 quantity
to the anount of proteins, and after heating at 50[err] to 60[err]C for
about 20 m nutes, heat-instable proteins are precipitated by cooling to
4[err] C, after which the nucleic acids and the heat instable-proteins are
removed by centrifugation. Further, fractionation with amoniumsulfate is
conducted, if necessary, to obtain an enzynme solution to be brought into
contact with a support. RUegR@obli S step, an antioxydant is allowed to
exist at a concentration of 0.1 to 20 mM wusually about 5 mM The support
whose exchange groups has RHen activated with sal Aneiaxgdahen equilibrated
ina buffer containing 0.1]to 20 mM uswal HyOabeuwt—5—wM—of—antiexyddnt is
used. The support and theC@nzyme sol ution are brbnmpeil hzedcentd®e with
each other in the presencelof an anti- oxydant atPEeR®R2EhPRation of 0.1 to
20 mM usual I'y about NH,

R-CH~-COCH

NH2 + C02 + NH3

wherein R is C;-C4 alkyl optionally substituted with a group
such as hydroxy, alkylthio, carboxy, amino or amide; C4-Cg
aralkyl (e.g., benzyl, fenetyl) having an aromatic ring
optionally substituted with a group such as hydroxy:; or
phenyl optionally substituted with hydroxy or ﬁalogen.

The amount of antioxydant is in the range of 0.1 to
20 mM, preferably 2.0 to 5.0 mM.

The concentration of N-carbamyl-D-«—amino acid as a
reaction substrate is selectea in the range of 5 to 25 w/v%,
and preferably used at 15 w/v%. The amount of immobilized
enzyme preparation used is selected in the range of 10 to
20 units per substrate, and preferably used at 15 units/g of
substrate, for those cohtaining 10 to 80 units/g of support.
The reaction is conducted, while controlling the pH in the
range of pH 6.5 to 8.0, usually to pH 7.0. The temperature,
although it may vary depending upon the kind of enzyme, is
generally in the range of 30° to 60°C; in particular, highef
temperatures can be employed for heat resistant enzymes.

The reaction is conducted by a column technique’ or by



5 mMM followed by stirring at 4[err] to 30[err]C, preferably 25[err]C.

After the amount of enzynme adsorbed reaches the desired anmount (usually
after 8 to 48 hours), the support is renoved by filtration and treated with
a cross-linking agent to attain the stabilitygof enzynes by '

i nsol ubilization. As the cross-linking agent, for exanple, those known in
the art can -7- be used, such as not greater than 1% (preferably 0.2%.
gl utaral dehyde. It is also preferred that an antioxydant is allowed to

exi st at a concentration of 0.1 to 20 mMduring this step. The
cross-linked, immobilized enzyne preparation is washed with distilled water
or a buffer (prcSuspdnsiaonimiairepcaicantviessedantily, thed letsesdcaseer bakeh
moi sturized conditions in a seal ed vessel at |ow tenperatures (about

4[err] Q) It is predefien ihatswilyproendintes £o8 @oPeuideedoLi Fegs84PBle, in
t he atnosphere of, an jnert gas such as nitrogen. The anount %f egzyngh%o be

| oaded, aIthoung*Te in the range of about 6 to 48 hours per batc
immobilized enzyme preparation of the present invention is
quite stable; for example, it exhibited almost no decrease
in_;ts_éctivity, even iﬁ used 15 times or more, and the
repeated use at 30 times or more was made possible.
Preferably, the atmosphere in the reaction vessel
is replaced by an inert gas and remains cdntaining no
oxygen.
The invention will be explained in more detail by
'Way of the following Efamples, which are only illustrative
and not to be construed to limit the scope thereof.
Example 1
The decarbamylase was produced by bacterial

fermentation using the following procedures.

Medium ingredients:

Sucrose 300 g
Urea 25.5 g
KH,PO, | | 30 g
Na,HPO, , ' 30 g
MgSO4-7H20 15 g
MnCl,- 4H,0 150 mg
Yeast extract 75 g
N—carbamyl—D—phenylglycine 15 g

. Anti-foaming agent 15 g



may vary depending upon the degree of purification of this enzyne, is
usually in the range of 10 to-80 units/g of support (whereinTgs
decar banyl ase refers to the anount of yne required to convertgr 2 qﬁEN

of N-carbanyl - D (p- hydrox?ﬁﬁégglﬁgﬁg intyg D (p- hydroxy P %@l éCIne

within one mnute). It is pref hat an antloxydant is z I'6 éﬁ“ lEMEH t

in the inmobilized enzyne ypr %M“%E‘ﬁﬁLan amount of 5 to 10¥nilkeeidis ke

g[Fpar?tion. The_n,OI tpe foﬂbgﬁﬂ%ﬁ oy C{lbe_the prgce;s for p;odu0|ng
err]-am no acids from N-carbanyl - err]-am no aci ds by use of an

i obi |'i zed preparation of decarbanyl ases. The reaction is conducted in the

presence of an antioxydanfirsind 13 lcidredse ofx freagwad abi drheneddant iaam toGinaimeg

-8- R CH COOH NH , _ Antioxydant | + H 20
wherein R is [erkEpeaekinoegdients weumnavidesd and mdjuftash to pH 7.0.

This medium was placed in a fermentation bath of 18 liters
in volume and sterilized by autoclaving at 121°C for
30 minutes. Then, a solution of urea and a solution of
N-carbamyl-D-phenylglycine were independently subjected to
the removal of bacteria through a millipore filter, and each
of these solutions was added in 500-ml portions to the
fermentation bath under sterile conditions.

The fermentation bath was inoculated with a seed

culture of Agrobacterium radiobacter KNK712 (FERM BP-1900)

grown at 30°C for 30 hours in the same medium but containing
no N-carbamyl-D-phenylglycine. During the fermentation,
temperature was maintained at 33°C and aeration was

«+ performed. fhe pH was controlled to 7.0 using sulfuric acid
and sodium hydroxide solutions.

After the fermentation for 30 hours, the cells were
collected by centrifugétion. This cell precipitate was
resuspended in 1.5 liters of 0.2 M phosphate buffer
{pH 7.0), to which dithiothreitol was added to give a
concentration of 5 mM, followed by ultrasonic treatment to
discharge a décarbamylase into the solution.

The partial purification of enzymés was conducted
as follows.

First, 76 ml of 3% aqueous protamine sulfate was

gradually added with stirring, thereby precipitating nucleic
—~__________________

heet Has Been Reﬁaced
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such as. hydroxy, alkylthio, carboxy, amno or amde; [err] aral kyl (e.g.
benzyl, fenetyl) having an aromatic ring optionally substituted wth a
group such as hydroxy; or phenyl optionally substituted with hydroxy or

hal ogen. The anount of antioxydant is in tbe.¥apge of 0.1 to 20 nV
preferably 2.0 to 5.0 nM The concentration of N carbanyl-Da-amno acid as
a reaction substrate is selected in the range of 5 to 25 wv% and
preferably used at 15 wv% The anount of immbilized enzyne preparation
used is selected i'n the range of 10 to 20 units per substrate, and
preferably used at 15 units/g of substrate, for those containing 10 to 80
units/ g of suppaetidsTheTheaehkz9fel Sotablivat @ds Nbat et coantedl dtngotdefpH in
the range of pH 6.5 to 8.0, usually to pH 7.0. The tenperature, although.it
may vary dependiigmipatethe fhilddwell bpzyoeling genét@l | yAfnet hallowed b
30[err] to 60[err]C, in particular, higher tenperatures can be enpl oyed for
heat resistant &tapdesoveThdghsaeti 4ACIstbendueiedchycideel admvebthd$ que or

by proteins, were precipit;ted, and the cell debris was removed
by centrifugation. This preparation was assayed to
deté:mine its decarbamyl activity. To 1% N-carbamyl-
D-phenylglycine/0.2 M phosphate buffer (pH.7.0), the enzyme
preparation was added, and the reaction was allowed to
proceed under the conditions at 40°C, after which the
formation of D-phenylglycine was examined.

On the other hand, to this enzyme'preparation,
dithiothreitol was added to give a concentration of 5 mM,
and the mixture was subjected to fractionation with ammonium
sulfate. Ammonium sulfate was added in small portions with
ice-cooling and stirring; thereby precipitating proteins.
Active ffactiéns at 15% to 35% of saturation with ammonium
sulfate were collected and dissolved in 100 ml of phosphate
buffer (pH 7.0), after which the same activity assay as
above was conducted. |

Example 2

Each sample of three kinds éf anion exchange resins
purchased from commercial sources (Duolite, Amberlite and
Diaion) was washed in 1M NaCl for 1 hour, and equilibrated'
overnight in 0.2 M phosphate buffer containing 5 mM of
dithiothreitol. The eqﬁilibrated resins were filtered and

stored until they were required for use. The partially-



-9- suspension in a reaction vessel; in the latter case, batch reaction is
usual Iy conducted for a period of reaction tinme in the range of about 6 to
48 houts per batch. The imobilized enzynme preparation of the present
invention is quite stable; for exanple, it _exhihited al nost no decrease in
its activity, even if used 15 tinmes or nore, and the repeated use at 30
tinmes or nore was made possible. Preferably, the atnosphere in the reaction
vessel is replaced by an inert gas and renmi ns containing no oxygen. The
invention will be explained in nore detail by way of the follow ng

Exanpl es, which are only illustrative and not to be construed to limt the
scope thereof. BExanpfied efwrdegardmmddss describddced Byabapdeedi ahs used

fermentation using the follow ng procedures. Mediumingredi ents: Sucrose
300 g Urea - for immobilization. The enzyngs5of Gxpaplp 1 after the heat

30 9 treatment and that after the fractionation with ammonium
sulfate at the respective amounts of 5 ml and 10 ml per 1 g
(wet weight) of resin (10 to 80 units/g of resin) were mixed
with each of the resins at 25°C for 24 hours, thereby allow-
ing the enzymes to be adsorbed thereon. These ehzyme—resin
composites were filtered and treated with 1% glutaraldehyde
at pH 7.0. Aftef one hour, the resin samples were filtered
once again, and washed three times with distilled water.
Finally, the enzyme-resin composites were washed with 0.2 M
phosphate buffer (pH 7.0), and stored as they remained wet
in separate sealed vessels containing N, gas at 4°C.

Each of the enzyme-resin composites produced by
this process was assayed to determine their activities as
described in Example 1. The specific act;vities obtained

from a series of commercially available ion exchange resins

treated by this method are shown in Table 1.

Partially-

Functional purified Specific

Resin Support group enzyme activity
Duolite Phenolform- Secondary amine A 10.0
' aldehyde B 80.2
Amberlite Polystyrene Tertiary amine A 7.3
. B 52.2
Diaion Polystyrene Diethanol-type a 12.2
. ' B 69.9

A. Enzyme after heat treatment
B. Enzyme after fractionation with ammonium sulfate
Specific activity: wunits/g of resin



[err] . 30 g [err]

15 g [err] 150 ng Yeast extract

75 g N carbanyl - D- phenyl gl yci ne 15 g Anti-foam ng .agent

15 g - 10 - First, 15 liters of fernentq;i%n_nediun1containing t hese

I ngredi ents were provided and adjusted to le .0. This nmediumwas placed in

a fernentation bath of 18 liters in volune and sterilized by autoclaving at
121[err]C for 30 minutes. Then, a solution of urea and a solution of

N- car banyl - D- phenyl gl yci ne were i ndependently subjected to the renoval of
bacteria through a mllipore filter, and each of these solutions was added
in 500-m portions to theltesraasmitnst iDowve Lidteh ansdémbeirdditiee ac@n PraddcEs The
fernmentation bath was inoculated with a seed culture of A%robacteri m_.

sp. KNK 712 (Ferrﬁ$§1g§nkﬁ from Rohm & Haas, Co., USA, and the resin Diaion

is a product available from Mitsubishi Chemical Industries,
' Ltd., Japan.

Example 3

First, 100 ml of the partially-purified enzyme
solution after the heat treatment (activity: 2.5 units/ml)
prepared in Example 1 wés added to 15 g of the resin Duolite
A568. This'mixture was moderately stirred at 25°C for
24 hours, thereby allowing the enzyme decarbamylase to-be
adsorbed thefeon. Then, the enzyme-resin composite was
separated by filtration, and stirred in 0.2% glutapaldehyde
solution (pH 7.0) containing 5 mM dithiothreitol for '
1 hour. The mixture was washed three times with distilled
water, and finally washed with 0.2 M phosphate buffer
(pH 7.0). This enzyme;resin was stored as it remained wet
in a sealed vessel at 4°C. On the other hand, 30 ml of the
enzyme solution after the fractionétion with ammonium
sulfate (activity: 9.3 units/ml) was added to 3 g of the
resin Dudlite A568, and then treated in the same manner as
described above. The immobilized enzyme solutions were
assayed as described in Example 1, and their specific
activities were 9.8 units/g and 70 units/g of resin,
respectively.

To 100 ml of distilled water in & vessel equipped

with a jacket, 10 g of N-carbamyl-D-hydroxyphenylglycine and



grown at 30[err]C for 30 hours in the same nedi um but containing no

N- car banyl - D- phenyl gl ycine. During the fernentation, tenperature was
mai nt ai ned at 33[err] C and aeration was perforned The pH was controlled to
7.0 using sulfuric acid and sodi um hydroxi deldoluti ons. After the
fermentation for 30 hours, the cells were collected by centrifugation. This
cell precipitate was resuspended in 1.5 liters of 0.2 M phosphate buffer
(pH 7.0), to which dithiothreitol was added to give a concentration of 5
mVv] followed by ultrasonic treatnment to di scharge a decarbanyl ase into the

sol ution. The paf tylo Pl dd sGAlH A et Q4aNTRS Wagonerrvehedoas okobl eWam)

First, 76 m of 3% aqueous protam ne sulfate "was gradually added with
stirring, therekye ¥ efddid atdddd dHeCIp Gas a@(ﬁlu@%edﬂﬁ@ @NBYBY salution was

heat treated at 50[err]C f'or 20 m nutes, fol "owed by cooling to 4[err]C

After all owed tcnostbamhmi/ahmtghiu&trﬂ[gerr}nﬁ,llfehelbu&hgl aiacbden gaswel | as
thereinto, the temperature was controlled to 40°C.
After this system was equilibrated, the reaction was
conducted by addition of 147 units of the enzyme-resin
coﬁposite (15 g). During.this step, the mixture was
adjusted to pH 7.0 by addition of a hydrochloric acid
solution. After 24 hours, the yield of D-hydroxyphenyl-
glycine was determined By HPLC to be 97%. It was found that
the product produced by this‘process can be isolated by a
conventional technique and it has high optical purity.
On the other hand, for the enzymefresin after the fractiona-
tion with ammonium sulfate, 15 g of N-carbamyl-D-hydroxy-
phenylglycine and 8 mg of dithiothreitol were added to
100 ml of distilled water in a vessel equipped with a
jacket, followed by the same treatment, and the reaction was
conducted in the same manner as described above, by addition
of 210 units,.i.e., 3 g of the enzYme-résin, resulting in a
product having high optical purity.

The enzyme-resin used in this process was recycled

30 times by sucking out a solution of D-hydroxyphenyl-
glycine after the completion of the reaction, while paying
attention to maintain .the enzyhe in the atmosphere of
nitrogen, and then newly setting, in place of that solution,

a suspension of the substrate which had been equilibrated in



proteins, were precipitated, and the cell debris was renoved by
centrifugation. This preparation was assayed to determine its decarbanyl
activity. To 1% N-carbanyl - D phenyl gl yci ne/ 0.2 M phosphate buffer (pH
7.0), the enzyne preparation was added, and the-reaction was allowed to
proceed under the conditions at 40[err]C, after which the formation of
D phenyl gl yci ne was exam ned. On the other hand, to this enzyne
preparation, dithiothreitol was added to give a concentration of 5 mM and
the m xture was subjected to fractionation with amoni um sul fate. Ammoni um
sul fate was added, in small_ portion Lth ice- i a LI LN
preci pi tating pPSt&iTE: A {yggPszt&%ﬁgea§$f§§§f098§@§g9§égtéFa??S%ggfﬁﬁx
anmoni um sul f at 6Qld ' v [ 0 .phosphat e buffer
(pH 7.0), afterqﬁﬁﬁﬁﬁ)?ﬁ?rggkﬁgggggggpéiggsggsagS%bgsghagé conduct ed.
Exanpl e 2 Each sanpl e of gyyﬁyqekunds of ani on exchange resins purchased
fromcomercial sources (Duol'ite, Anberlite and Di aion) was washed in 1M
NaCl for 1 hour, and equild hat e@ddver Aisg@esicriBed WhpBaambakelbuffer
containing 5 nmM of : '

Pseudomonas sp. KNK0O3A (FERM BP-318l) was grown, and the

cells harvested from 9 liters of fermentation broth by
ceﬁfrifhgation. These cells were resuspended in 300 ml of
0.2 M Tris/HCl buffer (pH 7.0), and dithiothreitol was added
to give a concentration of 5 mM, followed by ultrasonic
treatment to discharge a decarbamylase into the solution.
Then, 20 ml of 3% aqueous protamine sulfate was gradually
added thereto with stirring, thereby precipitating nucleic
acids. The enzyme solution was heat treated at 65°C fpr
20 minutes, and then cooled to 4°C. After stored overnight
at 4°C, the nucleic acids, as well as proteins, were

' precipitated, and the cell debris was removed by centri-
fugation. Then, 100 ml of this partially-purified enzyme
solution after the heat treatment (activity: 0.06 units/ml)
was added to 10 g of the resin Duolite A568. This mixture
was stirred at 25°C for 24 hours, thereby allowing the
decarbamylase to be adsorbed on the support. The enzyme-
resin composite was removed by filtration, and cross-linked
by moderately stirring in 0.2% glutaraldehyde solution (pH
7.0) containing S mﬁ dithiothreitol for 1 hour. The mixture
was washed three times with distilled water, and finally

washed with 0.2 M Tris/HCl buffer (pH 7.0). The specific



dithiothreitol. The equilibrated resins were filtered and stored until they
were required for use. The partially- - 12 - purified enzyne prepared as
described in Exanple 1 was used for immobilization. The enzynme of Exanple,
1 after the heat * treatnent and that after the-fractionation w th anmoni um
sul fate at the respective anounts of 5 m and 10 m per 1 g (wet weight) of
resin (10 to 80 units/g of resin) were m xed with each of the resins at
25[err] C for 24 hours, thereby allow ing the enzynmes to be adsorbed
thereon. These enzyne-resin conposites were filtered and treated with 1%

gl ut aral dehyde %.tc lj'z;'y?'the'%feto%r w%geOhﬁg{junégg(éegknrégwl eénwe'i:ﬁez EhEQQQQY

once agai n, and washe hree tTmes w t st d watér. Finally, e

enzyme- resin COMROSIHA Ll GrUREN R irbling1 20MbplATRBALEDUSLEr abPl 7. 0)

and stored as they remalned wet I n separale seal ed vessels containing N2
gas at 4[err]C durdt@ftd RRasLRZymemiesi/g.conposites produced by this

process was assayed to determine their activities as
Example 5
lUsing 5 g of the enéyme-resin produced by the
process as described in Example 4, 2 g of N-carbamyl-
D-alanine was hydrolyzed in 40 ml of distilled water
containing 0.5 mM dithiothreitol. The hydrolysis was
conducted at 45°C, at pH 6.7 to 7.0, for 24 hours, while
y blowing N, into this mixture to exclude oxygen therefrom.
The yield of D-alanine after completion of the reaction was
determined to be 96.5%.
Then, the hydrolysis of 5% N-carbamyl-D-alanine was
coﬁducted 35 times to give an average yield of 96.1%.
Example 6
First, 1 g of the enzyme-resin produced by the
process as described in Example 4 was charged into a column,
ana 2% N-carbamyl—D—(p-hydroxyphenyl)glycine solution
containing 1 mM antioxydant was applied to the above column
for continuous hydrolysis. As the antioxydant, dithio-
threitol, L-cysteine hydrochloride or cysteamine hydro-
chloride was used, and the continuous reaction was conducted
at an application speed of 1 ml/min., at 40°C under N,
sealing for 4 days. |
With the use of these antioxydants, the degree of

enzyme deactivation for 4 days was suppressed to 30% to 35%,



described in Exanple 1. The specific activities obtained froma series of .
comercial ly avai |l abl e i on exchange resins treated by this nethod are shown

in Table 1. Partially- Functional purified Specific Resin
Suppor t - group enzynme - 1ld@ctivity Duolite
Phenol-form Secondary am ne A 10. 0 al dehyde

B 80.2 Anberlite Polystyrene Tertiary am ne A

7.3 B 52.2 Diaion Pol ystyrene Diethanol -type A

12.2 B 69.9 A - Enzyne after heat treatnent B Enzyne after

f t t | f at f '
S e Fos bRy R ek BedR Trpk S Robine BOY ol b3 e2eRs BB E &
Haas, Co., USA, .an¢ 1Re 850k ydadtO%as used.

' Antioxydant Ratio of remaining
enzyme activity (%) after

1 day 2 days 3 days 4 days

Dithiothreitol 80 70 68 65

L-cysteine 78 71 68 66
hydrochloride

Cysteamine 78 75 73 68
hydrochloride

Dithiocerythritol 78 - 72 68 -

No addition . 50 29 20 14

Aé described above, according'to the present
invention, there is provided an immobilized preparation of
decarbamylases capable of producing D-e-amino acids which
are important as intermediate materials of antibiotics and
the like. The use 6f this preparation makes possible the
repeated use at 30 times or more, which gives the expecta-

tion of using it in the production on an industrial scale.



I s a product available from M tsubishi Chem cal |Industries, Ltd., Japan
Exanple 3 First, 100 ml of the partially-purified enzyne solution after the
heat treatment (activity: 2.5 units/m) prepared in Exanpl B8 SHEET HASBEENo
15 g of the resin Duolite—A568 This mxture was noderately stREFAGER:

25[err]C for 24 hours. I owi ng the ¥hzynme decarb wqugﬁggpagewy
adsor bed t her eon. “““‘ﬂm . ﬂ -resin conposite was seaﬁrjmg}guj i Ll gl
i . 2%

filtration, and st gl ut ar al dehyde sol ution (pH 7.0) contai ning
5 mMMdithiothreitol for 1 hour. The m xture was washed three tinmes with
distilled water, and finally washed with 0.2 M phosphate buffer (pH 7.0).
This enzynme-resin was stored as it remaineg Mgin a seal ed vessel at
4[err]C. On the other hand, 30 ml of the enzyne solution after the
fractionation with amonium sulfate (activity: 9.3 units/m) was added to 3
g of the resin Duolite A568, and then treated in the sane manner as

descri bed above. The inmmubi | preimroByDEzE0! eihz NS pedEa Bsisbye dolbsr deser 1 bedl
in Exanple 1, and their specific activities were 9.8 units/g and 70 units/g
of resin, in that it comprises an enzyme capable of producing

D-a—amino acids by hydrolysis of N-carbamyl-D-a-amino acids,
an antioxydant and a support for immobilization. |

2. An immobilized enzyme preparation according to
claim l, wherein the subport for immobilization is an anion
exchange resin.

3; An immobilized enzyme preparation according to
claim 1, wherein the enzyme capable of removing a carbamyl

. . :

group by hydrolysis of N-carbamyl-D-a-amino acids ié an
enzyme derived from a microorganism. |

4. An immobilized enzyme preparation according to

claim 3, wherein the microorganism is Agrobacterium

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

(FERM BP-3181), Pseudomonas sp. KNK505 (FERM BP-3182),

Escherichia coli JM109 pAD108 (FERM BP-3184) or Escherichia
coli JMlOQ pPD304 _(FERM BP-3183). |

S. An immobilized enzyme preparation according to
claim 2, wherein the anion exchange resin is a phenol-type
ion exchange resin having an amine as an exchange group.

6. An immobilized enzyme preparation according to
claim 1, wherein the antioxydant is dithiothreitol,
2-mercaptoethanol, L-cysteine hydrochloride, cysteamine

hydrochloride, dithicerythritol, mixtures of dithiothreitol

-This Sheet Has Been Replaced ,




respectively. To 100 ml of distilled water in a vessel equipped with a

j acket, 10 g of N carbanyl - D- hydr oxyphenyl gl yci ne and - 14 - 8 ng of

di.t hiothreitol (giving a concentration of 0.5 mVW) were added, and the pH
was adjusted to 7.0 by addition of 10 N NaCHégAth stirring. While blow ng
ni trogen gas therej ture wasS eonfrolled to 40[err]C. After
this system was .eqU“lm)ulllmln'lmﬂﬂmeaction was conducted by addition of 147
units of the enzynmelresin cdnhpdsife (15 g). During this step, the mxture
was adjusted to pH 7.0 by addition of a hydrochloric acid solution. After
24 hours, the yield of D hydroxyphenyl- glycine was determ ned by HPLC to
be 97% 1t was fﬁl&]%?ﬂ?ﬁtoetr{g»gcgﬁri%lﬁt o' QQB%deY.ybEi §10EQERIBneaN be

i sol ated by a conventi onal hnique and it has high optical purity. On the
ot her hand, for the enzyme-rg§bﬂo@gggrfbhep&bagbﬁqgaantﬁﬁdeiuhzaanenbymb
sul fate, 15 g of N-carbanyl-D hydroxy- ’

preparation, characterized in that an enzyme capable of

producing D-a-amino acids by hydrolysis of N-carbamyl-
D—ufamino acids is brought into contact with a support for
immobilization in the presence of an antioxydant.

8. A production process according to cléim 7.
wherein the support for immobilization is brought into
contact with the enzyme,.after equilibrateq in a buffer
containiﬁg the antioxydant.

9. A process for producihg D-e-amino acids,
‘characterized in that an immobilized enzyme preparation
according to any one of claims 1 to 6 is allowed to act on
N-carbamyl-D-e—-amino acids.

10. A process for producing D-o+amino acids
according to claim 9, wherein thé immobilized enzyme

- preparation is allowed to act with the addition of an
antioxydant to the reaction system.

11. A production process according to claim 9
or 10, wherein the immobilized énzyme preparation is

repeatedly used.



phenyl gl ycine and 8 ng of dithiothreitol ver e added to 100 ml of distilled
water in a vessel equipped with a jacket, followed by the sane treatnent,
and the reaction was conducted in the sane manner as descﬂﬂﬂ&ﬂHEﬁRﬂ&SBﬁﬁN
addition of 210 units, i.e., 3 g of the enzyng;resin, resultlﬁgPW@

product havi ng hi gh opti cal purity. The enzyrfe-resin used
was recycled 30 tinmes by sucking out a solution of Dhydrhﬁﬂ Hgmmmmm' ne
after the conpletion of the reaction, while paying attent 0 mal ntain
the enzyne in the atnosphere of nitrogen, and then newy setting, in place
of that solution, a suspension of the .substrate which had been equili brated
in - 15 - advance. Throughout these cy@msrrad®e degree of conversion

i nto D hydroxyphenyl gl yci ne was 95% or nore. Exanple 4 In the nedium as
described in Exanple 1, Pseudonpbnas sp. KNKOO3A ( FERM BP-3181) was grown,
and the

There are disclosed an immobilized enzyme
preparation obtained by bringing an enzyme capable of
producing D-c—amino acids by hydrolysis of N-carbamyl-
D-a-amino acids with a solid support in the presence of an
antioxydant; and a process for proéucing D~a—amino acids
including the step of bringing the enzyme preperation in

contact with N-carbamyl-D-e¢-amino acids.

is Sheet Has Been Re laced
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cells harvested from9 liters of fernentation brotl m @ﬂﬁ@ﬂ
These cells were resuspended in 300 mM of 0.2 M Tri éﬁgﬁw QTI .0),
and dithiothreitol was added to give a concentratioh pf 5 nﬂ%‘é§* weld by
ultrasonic treatnent to discharge a decarbanylase ihtp t4feFE Then
20 M of 3% aqueous protam ne sulfate was graduall yja4ilded thereto th
stirring, thereby precipitating nucleic acids. The g¢nZyne sol uti on wap heat
treated at 65[err]C for 20 m nutes, .and then cool ed|to_4[ err] C—AfFteT
stored overnight at 4[err]C, the nucleicpgcids, as well as proteins, were
precipitated, and the cell debris was renoved by centri- fugation. Then,
100 M of this partially purified enzyne solution after the heat treatnent

(activity: ;iuBRy ﬂg E§h PREPARAIG MO ABDO PROCESSC FOR PRODUCENGBS568. Thi s
m xture waS stifred at Ferr]C for 245B§&b Ethgreby al  owing the

decar banyl ase to be adsorbed o enzyme- resin conposite
was renoved by filtration, and cross-linked by noderately stirring in 0.2%
gl ut ar al dehyde sol uti on (pH 7.0) containing 5 nMdithiothreitol for 1 hour.

The mi xture was washed three tines w tgpgrgRiich ed water, and finally washed
wth 0.2 MTris/HC buffer (pH 7.0). The specific

There are disclosed an immobilized enzyme
breparation obtained;by bringing an enzyme capable of
producing D-c-amino acids by hydrolysis of N-carbamyl-
D-a-émino acias with a solid support in the presence of an
antioxydant; and a pfocess for produging D-a~amino acids
including the step of bringing the enzyme preparation in

contact with N-carbamyl-D-«-amino acids.



THIS SHEET Hege BEEN
- 16 + activity thereof was 0.38 unitsREPCERsin, angg Tty t he
cage .wWhere N-carbanyl - D-al ani ne was used:.as a substr gﬁﬁﬂgggﬁﬁﬁﬁtMﬁhs )
Exanple 5 Using 5 g of the enzyme-resin produced by §he process as
described in Exanple 4, 2 g of N-carbanyl- D-al ani nejfwas hydyel gped | nf 40
m of distilled water containing 0.5 oMgdLt hi ot hreitpl

The hydr ol ys} s| was
conducted at 45[err]C, at pH 6.7 to 7.0, for 24 hourp, Witebtonmrg N2

into this mxture to exclude oxygen therefrom The yjeld of D al ani ne fafter
conpl etion of the reaction was determ ned to be 96.5% Then, the hydrolysis
of 5% N-car banyl - D-al ani ne was conducted 35 tinmes to give an average yield

0, i _ .
g; 325%(? gégggée 6 Flgst1 1 9 of tge gnZénEBreS|n p&gggggglgy t he process

Paracoccus, Aerobacter, Aeromonas, Brevibacterium, Bacillus,

25

Flavobacterium and Serratia, as disclosed in JP-B 57-18793,

JP~B 63-20520 and JP-B 1-48758, and artificial micro-
organisms which have being conferred, by gene manipulation

methods, a given or enhanced ability to produce decarbamy-

lases, as described in JP-B 2-400848. Typical examples of

these microorganisms are Agrobacterium radiobacter sp.KNK 712

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

Pseudomonas sp. KNKS0S5 (FERM BP-3182),

Escherichia coli

JM109 pAD108 (FERM BP-3184) and Escherichia coli JM109
pPD304 (FERM BP-3183).

In the present invention, the said decarbamylase

ﬁay be preSent in the immobilized enzyme preparation, as a
purified enzyme, a partially-purified enzyme or a crude
enzyme, or in some cases, as it is in the form of bacterial
cells. If only this enzyme is under the conditions that -it
can exhibit the decarbamyl activity, there is no need for

take care to its existence form and contaminants.

As the antioxydant, dithiothreitol, 2-mercapto-
ethanol, L-cysteine hydrochloride, cysteamine hydrochloride,
dithiocerythritol, mixtures of dithiothreitol and dithio-
erythritol, or reduced-type glut&thione can be used.

The support used for immobllization may vary

depending upon the mode of decarbamylase immobilization;

in cases where crude enzyme solutions such as cell-free

: [ THIS SHEET HAS BEEN THIS SHEET HAS BEEN
This Sheet Has Been Replaced | : REPLACED REPLACED
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and 2% N-car banyl - D- (p- hydr oxyphenyl ) gl yci ne sol utio

coft 1

r -
anti oxydant was applied to the above col um for contlaﬂﬁhéﬁhﬁﬁﬁdfﬁﬁﬁgr
t Ae anti oxydant, .dithio- i

threitol, L-cysteine hydrochl
hydro- chloride was used, and the continuous reactior

application speed of 1 ml/mn., at 40[1€r r] C under [errﬁ

t he degree of enzy

- 17 - whereasjthe enzyne
nore was found when no anti oxydant WwWas USEU:

Wth the use of these antioxydants,

days was suppressed to 30%to 35%
deactivation of 80% or

A\YANAY uTlllll

€ or—cys
o5 auEie
seallng for

As
mj ne
an
lays.
or 4

Ant i oxydant Rati o of
day 2 days 3rdaye,

68 65 L-cysteine 78 71

remai ni ng enzyne activity (% after 1
15410e¥6s bt hi@tméERt40bon medium 8Ontainingl

68 66
hydrochl othdse ingredients were provided and adjusted to pH 7.0.

This medium was placed in a fermentation bath of 18 liters

in volume and sterilized by autoclaving at 121°C for

30 minutes. Then,

a solution of urea and a solution of

N-carbamyl D~phenylglyc1ne were Lndependently subjected to

the removal of bacterxa through a.millipore filter, and each

of these solutions was added in S00-ml portions to the

fermentation bath under sterile conditions.

The fermentation bath was inoculated with a seed

culture of Agrobacterium radiobacter sp.KNK 712 (Ferm BP-1900)

grown at 30°C for 30 hours in the same medium but conta;ning

no N-carbamyl-D-phenylglycine.

During the fermentation,

temperature was maintained at 33°C and aeration was

performed.

and sodium hydroxide solutions.

The pH was controlled to 7.0 gsing sulfuric acid

.After the fermentation for 30 hours, the cells were

collected by centrifugation.

This cell precipitate was

resuspended in 1.5 liters of 0.2 M phosphate buffer

(pH 7.0),

concentrqtion of S mM,

discharge a decarbamylase into the solution.

to which dithiothreitol was added to give a

followed by ultrasonic treatment to

The partial purification of enzymes was conducted

as follows.

First, 76 ml of 3% aqueous protamine sulfate was

gradually added with stircing,

T

thereby precipitating nucleic



Cyst eam ne 78 75
Dithi cerythritol 78 72 - 68 - pe—Ne—ade-ton——
50 29 20 14 As described above, HERUAUHMENSG wtell
present invention, there is provided an i mobilized prpparatTon of
decar banyl ases capabl e of produci ng t){%r?]-anino aci dp

5 Ivhi ot

as i nter medi ﬁmvm'wmmnanti biotics and the like.}|The ﬁ?g@gﬁv? i S
preparation "’ _ ; e repeated use at 30 timep B+ . '
gi ves the expecta-lti&n 6f Gising it in the production pn an industrial

scal e. - 18 - CLAIM5S 1. An immobilized enzynme preparattomn characteri zed
in that it conprises an enzyne capabC&AdMSproducing D-[err]-am no acids by
hydrol ysis of N-carbanyl-D-[err]-am no acids, an antioxydant and a support
for imobilization. 2. An imobilized enzyne preparation according to

73 68 hydrochl ori de

r tfant

1. An immobilized eﬁzyme'preparation characterized

in that it comprises an enzyme capable of producing
D-a—-amino acids by hydrolysis of N-carbamyl-D-a-amino acids,

an antioxydant and a support for immobilization.

2. An immobilized enzyme preparation according to

claim 1, wherein the support for immobilization is an anion

exchange resin.

3. An immobilized enzyme preparation according to

claim 1, wherein the enzyme capable of removing a carbamyl

group by hydrolysis of N-carbamyl-D-a-—amino acids is an
enzyme derived from a microorganism.

4. An immobilized enzyme preparation according to

claim 3, wherein the microorganism is Agrobacterium

radiobacter sp.KNK 712(Ferm BP-1900)

Pseudomonas sp. KNK 003A

(FERM BP-318l1), Pseudomonas sp. KNKS0S (FERM BP-3182),

Escherichia coli JM109 pAD108 (FERM BP-3184) or Escherichia
coli JM109 pPD304 (FERM BP-3183).

S. An immobilized enzyme preparation according to

claim 2, wherein the anion exchange resin is a phenol-type

ion exchange resin having an amine as ‘an exchange group.

6. An immobilized enzyme preparation according to

claim 1, wherein the antioxydant is dithiothreitol,

2-mercaptoethanol, L-cysteine hydrochloride, cysteamine

hydrochloride, dithioerythritol, mixtures of dithiothreitol

//.
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claim1l1, wherei-n the support for immobilization is an am
3. An. immobilized enzyne preparation according to claim
enzyme capabl e of renmoving a carbanyl group by hydrolys
N-gar bainyl -D-[err] g-am no acids is an enzynme derived fr)n'adgﬁﬁ@@pwgﬁ 3

4. An i mobilized enzyne preparation acéording to clain]3 e i T

rein
m croorgani smis Agrobacteriumsp. KNK 712 (Ferm BP-1900) “-Psedudonnnas._sip.
KNK 003A (FERM BP-3181), Pseudonpnas sp. KNK505 (FERM BP-3182),
Escherichia coli JMLO9 pAD108 (FERM BP-3184) or

Escheri chra cotrm™3h65
pPD304- (FERM BP-3183). 5. An i mobilized enzyne preparation according to

claim 2, W@@E@t@bé@@e@n'RDkQ%QQéHQ@ I R8h PohSbacPBeNOoMolriR@111Qn exchange
resin havfﬁg‘ﬁﬁ‘ﬁﬁrﬁé" exchange group. 6. An imobilized enzyne

prepar at i oPrasacocdusy hAerobackel, nBedbabRatheBarvibayt®riums, Bacillus,
dithiothreitol, 2- mer capt oet hanol , L-cystei ne hydrochloride, cysteam ne
hydr ochl or ¢ Bndt Serraitipgr es df sgliosiest HreidRyE 57-18793,

JP-B 63-20520 and JP~B 1-48758, and artificial micro-

organisms which have being conferred, by gene manipulation

methods, a given or enhanced ability to produce decarbamy-

lasesf’as described in JP-B 2-400848. Typical examples of

these microorganisms are Agrobacterium sp.KNK 712

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

Pseudomonas sp. KNKS0S5 (FERM BP-3182), Escherichia coli

JML09 pAD108 (FERM BP-3184) and Escherichia coli JM109
pPD304 (FERM BP-3183).

In the present invention, the said decarbamylase
may be present in the immobilized énzyme preparation, as a
purified enzyme,-a partially-purified enzyme or a crude

enzyme, or in some cases, as it is in the form of bacterial

cells.. If only this enzyme is under the conditions that -it
can exhibit the decarbamyl activity, there is no need for

‘take care to. its existence form and contaminants.

As the antioxydant, dithiothreitol, 2-mercapto-
ethanol, L-cysteine hydrochloride, cysteamine hydrochloride,
dithioerythritol, mixtures of dithiothreitol and dithio-
erythritol, or reduced-type glutathione can be used.

The support ‘used for immobilization may vary

depending upon the mode of decarbamylase immobilization;

in cases where crude enzyme solutions such as cell-fcree



and dithioerythritol, or reduced-typé gl ut at hi one. 7.

Lt K b T [: I
produci ng an i nmobilized enzynme preparation, character@gﬁﬁiigﬂﬁﬁﬁfﬁﬁﬁﬁT
enzyne capabl e of producing D-[err]-am no acids by hydrqlysis of
N-carbanyl - D-[err]-amno acids is brought into contadt jwi g4y amyggmort f{or
i mhobi li.zation in the presence of an %&nioxydant. 8. A froduction progess
according to claim7, wherein the support for i mobil ijzatTomrTs—brotght
into contact with the enzyne, after equilibrated in aibuffer containing}the
antioxydant. 9. A process for producing D-[err]-amno acids, characterized
in that an i mobilized enzynme preparation according to any one of clains 1

to 6 is allowed t®@iast.,ohSNLi&ebanpt- Deamantabion deding OYfaddEdy f or
producing D-[err]-am no acids accordin

s . ) to claim, ereilg_} e i mobilized
enzyne pkhgseatngyedd entisowed e ®ravtidgt: BnghaddRA %GOt dfPRN dhti oxydant to
the reactjqQn system 11. A
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in volume and sterilized by autoclaving at 121°C for

30 minutes. Then, a solution of urea and a solution of

N-carbamyl-D-phenylglycine were independently subjected to
the removal of bacteria through a .millipore filter, and_each

of these solutions was added in S00-ml portions to.the

fermentation bath under sterile conditions.

The fermentation bath was inoculated with a seed

culture of Agrobacterium sp.KNK 712 (Ferm BP-1900)

grown at 30°C for 30 hours in the same medium but containing
no N-carbamyl-D-phenylglycine. During the fermentation,
temperature was maintained at 33°C and aeration was
performed. The pH was controlled to 7.0 using sulfuric acid
and sodium hydroxide solutions.

After the fermentation for 30 hours, the cells were
collected by centrifugation. This cell precipitate was
resﬁspen&ed in 1.5 liters of 0.2 M phosphaté buffer
(pH 7.0), to which dithiothreitol was added to give a
concentration of S mM, followed by ultrasonic treatment to
discharge a decatbam?lase into the solution.

The partial purification of enzymes was conducted

as follows.

First, 76 ml of 3% aqueous protamine sulfate was

gradually added with sticring, thereby precipitating nucleic
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CLAIMS

1. An immobilized ehzyme'preparation characterized

in that it comprises an enzyme capable of producing
D—a-amino acids by hydrolysis of N—éarbamyl-D-g—amino acids,

an antioxydant and a support for immobilization.

"2, An immobilized enzyme preparation according to

claim 1, wherein the support for immobilization is an anion

exchange resin.

3. An immobilized enzyme preparation according to

claim 1, wherein the enzyme capable of removing a carbamyl
group by hydrolysis of N-carbamyl-D-a—amino acids is an

enzyme derived from a microorganism.

4. An immobilized enzyme preparation according to

claim 3, wherein the microorganism is Agrobacterium

sp. KNK 712 (Ferm_BP—1900¥mBseudomonas sp. KNK 003A
(FERM BP-318l), Pseudomonas sp. KNKSOQS5

(FERM BP-3182),

Escherichia coli JM109 pAD108 (FERM BP-3184) or Escherichia

coli JML09 pPD304 (FERM BP-3183).
S.

An immobilized enzyme preparation according to

claim 2, wherein the anion exchange resin is a phenol-type

ion exchange resin having an amine as -an exchange group.

6. An immobilized enzyme preparation according to

claim 1, wherein the antioxydant is dithiothreitol,

2-mercaptoethanol, L-cysteine hydrochloride, cysteamine
hydrochloride, dithiocerythcitol, mixtures of dithiothcreitol



