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PROCESS FOR PRODUCI NG D- AM NO ACI DS W TH COWP

| MOBI LI ZED ENZYME PREPARATION 5 C ai ns: 1.\A
process for the production of a D-anino acid fromthe coryesgondi ng
Dt - 5- subst i tuted hydant0|n by one-step reactjon which conprises

using a conposg enzyne at a pH about neutrality, said
conmposite i Ml‘ | bei ng obtained by i mobilizing a
hydant oi nase unng optimal pH wi thin an al kaline range

(hereinafter_abbreV|ated as Hask)—and a D-N-carbanyl -[err]-ami no
aci d am dohydrol ase having Its optimal pH about neutrality
(hereinafter abbreviated as DCase) in a coexisting state on an
i mobi |'i zi ng support, si mul t aneousl y. : ; 2. A
wher ei n L"LoﬁeS«agﬁvé’dﬁcé'eﬁé CoBeliETbRessE © O St Ton i
prepared by p&ggfglgg the Eﬁ@gngﬂgnthe DCase separately and then
m xi ng them . A process for the production of a
&a{“hgg acid acprodiBSg ?QRCbRomJémG B-aMiROeAOIDBew@Ee to be used
COMPOSITE IMMOBILIZED ENZYME PREPARATION
5 Claims: |
1. A process for the production of a D-amino acid
from the correspondingl DL-5-substituted .hydantoin by one-step
reaction which comprises using a composite immobilized enzyme
at a pH about neutrality, said composite immobilized enzyme
‘10 being obtained by immobilizing a hydantoinase having its
optimal pH within an alkaline range (hereinafter abbreviated
as Hase) and a D—N—'carbamyl—o:.—amino acid amidohydrolase having
its optimal pH about neutrality (hereinafter abbreviated as
DCase) in a coexisting state on an immobilizing support,
15 simultaneously. |
2. A process for the production of a D-amino acid
according to ,cléim 1, wherein a composite 'enzyme to be used
for immobilization is prepared by producing the Hase and the
DCase separately and then mixing them.
.20 3. A process for the production of a D-amino acid

according to claim 1 or 2, wherein the Hase to be used is that
derived from a microorganism belonging to the genus Bacillus.
4. A process for the production of a D-amino acid

according to claim 1 or 2, wherein the Hase to be used is that



derived froma m croorgani smbelonging to the genus Bacill us.

4: A process for the production of a D-amno acid according to
claiml or 2 0 be used is that
- 2- derlved fron1BaC|IIus sp. KNK108 (FERM P-6056) or Bacill us
sp. 5. A process for the
according to claiml1l or 2, wherein the
DCase to be used is that derived fron1Agrobacter|un1rad|obacter
KNK712 ( FERM BP- 1900), Pseudonpnas sp. KNKOO3A (FERM BP-3181),
Pseudononas sp. KNK505 ( FERM BP23182), E. coli JMLO9pAD108 (FERM
BP-3184), E. ' coli JMLO9pPD304 ( FERM BP-3183). 6.
A process for the production of a D-am no abid 10 according to any one
of claims 1 to 4, wherein the DCase to be used is that derived from

e B Pt g R A S0

BP-3914), E. D416 4863 (FERM BP-3915), E. coli JMLO9pAD428,
~E. coli- JMOQp&EZ%éN%EE% %5 )BP-4035) 'E. coli JMLO9pAD431, E. coli

 JMLO9pAD434, E. col i . %%@893%85 the pebiudbiBAPAP439D-Emia6l Acid

{ JMLO9pAD441, E. coli MLO9pAD445, E. coli JMLO9pAD447, E. coli
'JNH-09DAD448, Eccefliing to claim 1 or 2, wherein the DCase to be used is

5 that derived from Agrobacterium radiobacter KNK712 (FERM BP-

1900), Pseudomonas sp. KNKOO3A (FERM BP—3181), Pseudomonas sp.

KNK505 (FERM BP-3182), E. coli JM109pAD108 (FERM BP-3184), E
coli JM109pPD304 (FERM BP-3183).
6. A process for the production of a D-amino acid
10 according to any one of claims 1 to 4, wherein the DCase to
be used is that derived from a recombinant microorganism E.
coli JM109pAD402 (FERM BP-3912), E. coli JM109pAD404 (FERM BP-
3913), E. coli JM109pAD406 (FERM BP-3914), E. coli JM109pAD416
(FERM BP-3915), E. coli JM109pAD428, E. coli JM109pAD429 (FERM
15 BP-4035), E. coli JM109pAD431, E. coli JM109pAD434, E. coli
JM109pAD435, E. _@.JMLLOSPAD439, E. coli JM109pAD441, E. coli
JM109pAD445, E. coli JM109pAD447, E. coli JM109pAD448, E. coli
JM109pAD450, E. coli JM109pAD421, E. coli JM109pAD422, E. coli
JM109pAD423, E. coli JM109pAD424 (FERM BP-4034), E. coli
20 JM109pAD425, E. coli JM109pAD426, E. coli JM109pAD427, E. coli
JM109pAD451, E. coli JM109pAD452, E. coli JM109pAD453, E. coli
JM109pAD461, E. coli JM109pAD454, E. coli JM109pAD455 (FERM
BP-4036), E. gg;;.JM109pAD456, E. coli JM109pAD468, E. coli

JM109pAD469, E. coli JM109pAD470 or E. coli HB101pNT4553 (FERM

25 BP-4368), the stability of which is improved by amino acid



JMLO9pADA50, coli JMLO9pAD421, E. coli JMLO9pAD422, E. col

E

JMLO9pAD423, E. coli JMLO9pAD424 (FERM BP-4034), E. coli 20

JMLO9pAD425, E. coli JMLO9pAD426, E. coli JMLO9pAD427, E. coli
JMLO9pAD451, E. coli JMLO9pAD452, E. coli JMLO9pAD453, E. coli
JN1109DAD461 E mli JMLO9pADAS4, E. coli JMLO9pAD455 ( FERM

%guggggemmﬁu“ﬁm“l ﬂﬂpADMO or E. coli HBLO1pNT4553 (FERM 25

BP- 4036) coli JMLO9 AD456 E. coli JMLO9pAD468, E. col
Ef%ﬁ which is inproved by am no acid

substitutidn 6f t se derived froﬁ1%grobacter|un1 radi obact er
KNK712.(FERN!BP-1900) 7. A process for the production of
a D-am.no acid accordlng to claim1, wherein a conposite enzyne used
for I? |nrnbilizat|on S prepared by producing Hase and DCase

si mul t aneous es e uc

D-amno acid gubStltggégPd ng to e?a %ggwhgf%?%eﬁﬂe:%%ﬁgos% 383§§§%513?
produced radR¥pakibhV Kidk7d 22 ( b@m @@nhaigoiing a plasm d prepared by 10

i gating a HaSe gené and a DCase gene to the.- same vector.
9. A process for the prqduat pebcetsafbratheopaoddction ofaecDrdimigot ecid

claim?7, wherein the conposite enzyne is produced
according to clalm 1, wherein a composite enzyme used for
5 immobilization is prepared by produc1ng Hase and DCase
simultaneously. |

8. A process for the production Qf a D-amino acid
according to claim 7, wherein the composite enzyme is produced
by cultivating a host containing a plasmid prepared by

10 ligating a Hase gene and a DCase gene to the same vector.

9. A process for the production of a D-amino acid
according to claim 7, wherein the composite enzyme is produced
by ligating the Hase gene and the DCase-gene to different
vectors having different modes of replication, introducing

15 these vectors into the'same host and cultivating the host.

10. A process for the production of a D-amino acid
according to ¢laim 7, wherein the composite enzyme is produced
by cultivating a Hase producer microorganism and a DCase
producer microorganism together.

20 Detailed Explanation of the Invention:

[0001] |

Field of the Invention

The present invention relates to a 'composite
immobilized enzyme preparation and a process for producing D-

25 amino acids using the preparation. In particular, the



by ligating the Hase gene and the DCase gene to different vectors
having different nodes of replication, introducing 15 t hese vectors
into the sane host and cultivating the host. 10. A process
for the production of a D-amno acid - according to claim?7, wherein
the conposite enzyme is produced by cultivating a Hase producer

m cr oor gani sm and a DCase producer m croorgani smtogether. 20
Det ai | ed Expl anation of the Invention: [ 0001]

Field of the Invention The present invention relates to a
conposi te i mobi | i zed enzyme preparation and a process for
producing D 25 am no acids using the preparation. In particular, .
t he _ - 3- substitution

of the DCase derived from Agrobacterium radi obacter KNK712

FERM BP- 1900) . _ - _
E—anino ac!dgh§s?it¥ﬁﬁﬁﬂghﬂﬁ t&hélaﬁ%&%ggﬁﬁéﬁggﬁethﬁ&%%%gyfé5%%%§%§§§ﬁ§¥
for 5 'm@%ﬁﬂdﬁ%@ﬂé?‘ﬁﬁkfifpagﬁﬁhgg%piQQUzlng Hase and DCase

si mul t aneousFy~ | _ _ rocess for the production of a
E)rg{jnugce)da0| d acopr dllpgbf&ég@lmg,tm%%@uée%ﬁoaﬁoai beagiihvadid

according to claim 1, wherein a compoSite enzyme used for
5 immobilization is prepared by producing Hase and DCase
simultaneously.

8. A process for the production of a D-amino acid

according to claim 7, wherein the composite enzyme is produced.'

by cultivating a host . containing  a' plasmid prepared by
10- - ligating a Hase geﬁé:and:aﬁﬁCéSe gene to the same vector.

9. .Afpiocess for the production-of a D-amino acid
according to claim 7, wherein the co@posite enzyme is prédﬁbéd:
by ligating the Hase gene and the DCaSé-geﬁé £o different
vectors having differént modgsjof feplication, introducing

15 these vectors into the same host and cultivating thelhOSt.

10. A process for the pfoductibn of a D-amino acid
according to claim 7, wherein the domposite enzyme is produced
by cultiirating- a Hase producer microorganism and a DCase
producef microorganism together.

20 Detailed Explanation of the Invention:

[0001]

Field of the Invention

The present invention relates to a -composite
immobilized enzymelpreparation-and a process for producing D-

25 amino acids using the preparation. In particular, the



by cultlvatlng a host containing a plasmd prepared by .10 ligating a
Hase gene and a DCase gene to the sane vector. 9. A
process for the production of a D-am no acid according to claim?7,
wherein the conposite enzyne is produced by ligating the Hase gene
ahd the DCase-gene to different vectors having different nodes of
replication, introducing 15 t hese vectors into the sane host and
cultivating the host. 10. A process for the production of
a D-amno acid according to claim7, wherein the conposite enzyne is -
pr oduced by cultivating a Hase'pﬁoducer m croorgani sm and a- DCase
producer m croorgani smtogether. 20 Detai |l ed Expl anati on of the

| nventi on:- [ 0001] ~ Field of the

| nventi on The present invention relates to a

composite | BMNJYAR0 SHAKES1RLRAY BhLGReON GoRESEEST OF RIRAUBRGSRY

25 am no acl ds usin preparation trcu

-4- QYIRS e 1@95%16%&%@@ B&eeaeeabancﬁf ﬁb&-%fﬁsmavc\:ﬁdsh

invention is usefu for production of D-[err]-amno acid
are internedi g3 chONERENdEnteimbReaREOdESIDOINGE for the production of

antibiotics, such as D-(p-hydroxyphenyl)glycine to be used for
5 the production of the antibiotic, amoxycillin and the like.
| [0002] |
Prior Art and Problem to be Solved by the Invention
Optically-active D-amino acids are important
compounds as intermediate compounds for drugs and it has been
10 known that they can be éroduced efficiently by combining an
asymmetric hydrolysis reaction of 5-substituted hydantoins
into the corresponding D-N-carbamyl-a-amino acids with the
enzymes, hydantoinases (hereinafter sometimes abbreviated as
“Hase") (JP-B 62-30785), and an conversion reaction of the
15 resultant D-N-carbamyl-o-amino acids into the corresponding
D-a-amino acids with the enzymes, D-N-carbamyl-c-amino acid
amidohydrolases (hereinafter sometimes abbreviated as
"decarbamylase" or "DCase") (PCT/JP91/01696: WO 92/10579).
In addition, JP-A 63-185382, WO 92/00739 and the
20 . like disclose that the reépeqtive reactions are carried out
more efficiently by using these enzymes in the form of so-
called immobilized enzymes wherein they are immdbiliéed on
supports such as ion exchange resiné and the like.
However, a two-step reaction has been employed for

25 carrying out these reactions because the optimal and stable



antibiotics, such as D (p-hydroxyphenyl)glycine to be used for 5 t he
production of the antibiotic, anoxycillin and the |iKke.

[ 0002] Prior Art and Problemto be Solved by the Invention
Optically-active D-am no acids are inportant conmpounds as

| it er medi ate conpounds for drugs and it has been 10 known t hat they ‘can
be produced efficiently by conbining an asymetric hydrol ysis
reaction of 5-substituted hydantoins into the correspondi ng
D-N-carbanyl-[err]-amno acids with the enzynes, hydant oi-nases
(hereinafter sometines abbreviated as~™ 5 - "Hase") (JP-B 62-30785), and
an conversion reaction of the 15 resul tant D-N-carbanyl -a-am no aci ds
into the correspondi ng D-a-am no acids with the enzynes,

D- N-carbanyl -a-am no acid anidohydrolases (hereinafter sonetines

abbr evi at ed , c l.aser_ o . PGEL/ 6.

92/ 10579) . Bh's of boff s e i P%é‘%g %gsgz[‘f%gég% o553 Cagh
the 20 | i kendirsCl Pserd fte ! %ﬁrﬁ&%@bh\iﬁzéaaéﬁh%ésaéﬁo&m rneeg,r@Fbtared
nor e eff|C|entIy by using f hese enzynmes in the formof so-

i mobi |'i zed erzypaRateleg and chayldcated Rbakitiefl 6perationssupeoieguinek . as

I on exchange resins and the |iKke. However, a two-step
reacti on has been enpl oyed f Q00035 carrying out these reactions because
the optinmal and stable ' - 5-

5 Means for Solving the Problem

The present invention relates to a technique for
producing D-c—~amino acids efficiently by using an immobilized
enzyme resin obtained by immobilizing both hydantoinase and
decarbamylase on one immobilizing resin support in a coexist-

10 ing state of the enzymes (hereinafter referred to as a.
"composite enzyme"), simultaneously.

[0004]

In these two enzymatic reactions for converting 5-
substituted hydantoins into D-a-amino acids, in general, the

15 optimal pH of the hydantoinase reaction is pH 8 to 9 and the
solubility of the substrate is increased as increase in pH.
In addition, ,the racemic reaction of the hydantoin ring is
promoted in an alkaline range.. Therefore, it is desired to
carry out the hydantoinase reaction in the pH ranging from 7
20 .to 10, preferably in an alkaline range. On the other hand,
in general, the optimal pH of the decarbamylase reaction is
PH 6.5 to 9.0 but the hindrance of the reaction by ammonia
formed is remarkably increased as increase in pH. Therefore,
it is desired to carry out the decarbamylase reaction at pH

25  about neutrality.



pH s of both enzynmes are considerably different from each ot her

Therefore, both inmmobilized enzynes shoul d be prepared separately
and conplicated reaction operations are required.

[ 0003] 5 Means for Solving the Problem The
present invention relates to a technique for producing D-[err]-am no
acids efficiently by using an i mobilized enzyne resin obtai ned by

i mobi |1 zi ng bot h hydant oi nase and decar banyl ase on one i mmobili zi ng
resin support in a coexist- 10 ing state of the enzynes (hereinafter
referred to as a "conposite enzﬁne"), si mul t aneousl y.

[ 0004] In these two enzymatic reactions for converting 5-

substituted hydantoins into D-[err]-am no acids, in general, the 15

opti mal pH of the hydantoi nase reaction is pH 8 to 9 and the

solubility of the substr ebt%g S increased as increase in:pH In
addition, the racemc rd (% Jn of the hydantoin ring is pronmoted in

an al kal i ne range. Ther | 59 £

hydant oi nase reaction |(n?[ff?he p lrlée?lig:églg% ror‘tﬁI %eaféllon 15)\é pﬁ)}; yolrn
an al kaline rangewindh blie Othese haithetions, ':Lnegenef:ﬁéset r@v@p‘é‘n@@'ma&h’l_d)f
the decarbanyl ase reaction is pH 6.5 to 9.0 ‘but’ the hindrance of the

reacti on by am@ritions can b Rddied o Kablone reaeaiot sesisedr edsmlita-
pH. Therefore, it is desired to carry out the decarbanyl ase reaction
at pH 35 aleouts kygut dal | tpmparison with so-called two-step reaction .

wherein two different enzymeé react with the substrates

separately, reaction operations become simple and the overall

reaction time can be sh;)rtened. In addition, by combining the

hydantoinase reaction which is a reversible reaction and the

10 decarbamylase reaction which is a irreversible reaction, the

conversion yield of hydantoin can be improved as well as the

subsequent purification of D-amino acids can be simplified.

Thus, it is expected to sigﬁificantly reduce the production

cost. However, when the respective enzymés are immobilized

15 on different immobilizing supports and they are mixed upon

using them, the reactivities become inferior because of the

difference in optimal pH and there is a problem in the

stability of the immobilized enzymes.

The present inventors have intéﬁsively studied to

20 produce a composite immobilized enzyme preparation wherein

both enzymes are immobilized on one immobilizing support

simultaneously. If these two enzymes are immobilized

simultaneously, two enzymatic reactions occur successively in

micro-spaces of resins. Therefore, movement of the substrate

25 for a decarbamylase, a D-N-carbamyl-oc-amino acid, from immobi-



-6-

[ 0005] | f so-called one-step

reacti on can be enpl oyed for carrying out these reactions, i.e.,
these two enzymatic reactions can be carried out in one reaction

vessel

reaction
separately,
reaction tine can be shortened. In addition, by conbining the
hydant oi nase reaction which is a reversible reaction and the 10
decar banyl ase reaction which is a irrevérsible reaction, the
conversion yield of hydantoin can be inproved as well as the
subsequent purification of D-am no acids can be sinplified. Thus, it
is expected to significantly reduce the production cost. However,

when the rESpﬁ%%E%EFgg%ygEf'e;%bkqggghl§é§%§n£§ dif?ﬂﬁg%%gg%ﬁghf Fﬁguired

I mrobi | 1 zi ng Suppor

simulta- 5 neously, in conparison with so-called two-step

wherein two different enzynes react with the substrates
reacti on operations becone sinple and the overal

an are m xe

reactivities Q?lﬁogg bQEEEEQEnbfﬁa{:ﬁg ﬁc%cg'-es aces cdh e Qﬁ]‘?ﬂiiééd).pt iniRls  PH
and there is I the _ _ |

The present inQyeRioekpedted *hars Yal ¥agdi¥dioad tboindReasePinduefctivities |
conposite i mMmobilized enzynme preparation wherein both enzynes are

i mobi | i zed opfoRBel FEBPELLIvBJeALPREStand relisf o ttie@ididnet hibliraniese

t wo

enzynes
5

10

15

20

25

a pr emin stabi 1ty of the 1o I zed enzynes.

are immobilized _
due to ammonia, stability of enzymes upon using repeatedly is

improved.

[0006]

As for the hydantoinase used in the present
invention, the enzymes from animals, plants and microorganisms
can be used. The hydantoinases from microorganisms are

suitable for industrial production. As such a microorganism,

those disclosed in JP-B 62-30758 are exemplified. The

bacteria include Achromobacter, Aerobacter, Aeromonas,

Agrobacterium, Alcaligenes, Arthrobacter, Bacillus, Brevibact-

erium, Corynebacterium, Enterobacter, Erwinia, Escherichia,

Klebsiella, Microbacterium, Micrococcus, Protaminobacter,

e | e e e L e

like. The Actinomycetes include Actinomyces, Mycobacterium,

Nocardia, Streptomyces, Actinoplanes and the 1like. The

filamentous fungi include Aspergillus, Paecilomyces, and

Penicillium and the like. The yeasts include Candida, Pichia,

Rhodotorula, Torulopsis and the like.
[0007]
Among the above microorganisms, examples of strains

which have relatively high hydantoinase activities and are



si mul taneously, two enzymatic reactions occur successively in

m-cr o- spaces of resins. Therefore, novenent of the substrate 25 for a
decar banyl ase, a D N-carbanyl -a-am no acid, from i mmbi -

-7- lized Hase to inmobilized DCase by diffusion is not required
and pH variation in the mcro-spaces can be m nim zed. Thus, it is.
expected that, in addition to increase in reactivities of the
respective enzynes and relief of the product hindrance 5 due to
ammoni a, stability of enzymes upon using repeatedly is I nproved.

[ 0006] As for the hydgnroinase used in.the present

I nvention, the enzynes fromanimals, plants and m croorgani sns 10 can
be used. The hydant oi nases from m croorgani sns are suitable for

i ndustrial production. As such a m croorgani sm those disclosed in

JP-B 62-3075 : engl i ] . _.Th . a i i m!gﬁ AM
Achrom)bacter,éxc éﬁgﬁébter,g%ggFéﬁ%%&g%e ln?lud g%%%%%%&%é%n Sor eggnes
Arthrobacter, 1836i,| | N§roBaE8¥ER2Gh- rHPzogeés UrdOnyIBBACt B-bYibacterium

‘—q_Kr obactertum

Ent er obacter, Erw nia, Escherichra, ebsi el la, Mcrobacterium

M crococcus, PhebaffuRobaeden2145, Colfildstelnandeapeddnisamci TF0 3306,
Serratia, Xanthononas and the | ke. The Acti nonycetes I nclude
Actinonyces, Mieobdaterrinm flavum ATCC 10340, Micrococcus roseus IFO 3764,

’ 5 Pseudomonas striata IFO 12996, Mycobacterium smegmatis ATCC

607, Nocardia corallina IFO 3338, Streptomyces flaveolus IFO
3241, Bacillus sp. KNK108 (FERM P-6056) and the like.
[0008] |
In addition, the enzymes produced by artificial
10 microorganisms in which hydantoinase productivity is imparted
by gene recombinant technique, for example, E. coli
HB101pTH104 (FERM BP-4864), or increased or the dihydropyri-
midinase having similar activity as disclosed in JP-A 53-
136583 can be used.
15 [0009]

As for the decarbamylase used in the present
invention, the origins thereof is not specifically limited and
those derived from animals, plants and microorganism can be
used. However, for industrial production, the enzymes from

20 microorganisms are suitable. Examples of such microorganisms
include naturally occurring microorganisms such as

Agrobacterium Pseudomonas, Arthrobacter, Alcaligenes,

Achromobacter, Moraxella, Paracoccus, Aerobacter, Aeromonas,

Brevibactexrium, Bacillus, Flavobacterium and Sexxatia

25 disclosed in JP-B 57-18793, JP-B 63-20520 and JP-B 1-48758,



Nocardia, Streptonyces, Actinoplanes and the |iKke. The 20
fi-rl amentous fungi include Aspergillus, Paecilonyces, and

Penicilliumand the |ike. The yeasts.include Candida, Pichia,

Rhodot orul a, Torul opsis and the I|ike. [ 0007]

Anong the above m croorgani sns, exanples of strains 25 whi ch have
relatively high hydantoi nase activities and are

- 8- excellent in practical use include Aerobacter cloacae |AM
1221, Agrobacteriumrhizogenes | FO 13259, Brevibacterium i ncertum

| FO 12145, Corynebact eri um sepedoni cum I*0 3306, M crobacterium

fl avum ATCC 10340, M crococcus roseus | FO 3764, 5 Pseudononas striata

| FO 12996, Mycobacterium snegmatis ATCC 607, Nocardia corallina |IFO
3338, Streptonyces flaveolus IFO 3241, Bacillus sp. KNK108 ( FERM

P-6056) and t li.ke. ces s . . nggl . . .
addition, t heh:'gfnzﬂ);l %esa rp}:rlgd'uccleadl tx)n)} czfr?tolrfqa{:n%'a ﬂ? scrlnl%'ecdr oot gé)nigslr{lsdqﬁ 6n9 6\/\/nj‘lnch
hydant oi nase | IS 1 A s i Ro[claT-NuE-ToTol 1y} Ay ,
for exanple, E{}&%ﬂd%ﬂ%ﬁbdﬂl—}mo;gﬁ&ft IyEJﬁl\f)BiP 43@% or ilnng?{ecas_ed or qﬂ{iﬁe
glghydropyrl - gene rdBdiB@ahtREdHhiGUE | alReHHd Uitk By ics@nsieeh id¥ Hudh

microorganisms include Agrobacterium radiobacter KNK712 (FERM

5 BP-1900), Pseudomonas sp. KNKOO3A (FERM BP-3181), Pseudomonas

sp. KNK505 (FERM BP-3182), Escherichia coli JM109pAD108 (FERM
BP-3184), E. coli JMlepPD304 (FERM BP-3183) and the like.
[0010]
When a stabilized decarbamylase in which the amino
10 acid responsible for heat resistance of the decarbamylase is
replaced by another one is used, the following transformants
disclosed in WO 94/03613 can be used. For example, the
transformants include E. coli JM109pAD402 (FERM BP-3912), E.
coli JM109pAD404 (FERM BP-3913), E. coli JM109pAD406 (FERM BP-
15 3914), E. coli JM109pAD416 (FERM BP-3915), E. coli
JM109pAD428, E. coli JM109pAD429 (FERM BP-4035), E. coli

JM109pAD431, E. coli JM109pAD434, E. coli JM109pAD435, E. coli

et

JM109pAD439,

1=

. coli JM109pAD441,

=

. coli JM109pAD445, E. coli

JM109pAD447, E. coli JM109pAD448,

=

. coli JM109pAD450, E. coli

20 JM109pAD421,

I

. coli JM109pAD422,

=

. coli JM109pAD423, E. coli
JM109pAD424 (FERM BP-4034), E. coli JM109pAD425, E. coli

JM109pAD426, E. coli JM109pAD427,

=

coli JM109pAD451, E. coli

JM109pAD452, E. coli JM109pAD453, E. coli JM109pAD461, E. coli

JM109pAD454, E. coli JM109pAD455 (FERM .BP-4036), E. coli

25 JM109pAD456, E. coli JM109pAD468, E. coli JM109pAD469, E. coli



136583 can be used. 15 [ 0009] - As for the
decar banyl ase used in the present I nvention, the origins thereof is
not specifically Iimted and t hose derived fromaninmals, plants and
m cr oor gani sm can be used. However, for i.ndustrial production, the
enzynmes from 20 m croorgani sns are suitable. Exanples of such

m cr oor gani sns I ncl ude naturally occurring m cr oor gani sns

such as Agrobacterium - Pseudononas, Arthrobacter, Al caligenes,
Achr omobacter, Mraxella, Paracoccus, Aerobacter, Aerononas,

Brevi bacterium Bacill us, Fl avobact ek um and Serratia 25

di sclosed in JP-B 57-18793, JP-B 63-20520 and JP-B 1-48758,

-9- or the artificial mcroorgani sns described in WO 91/01696 in
whi ch decar banyl ase productivity is inparted or increased by gene

mbi nant t echni t] .
ot oor gant s MLGsHiDe TP ECS BRI R ko CARARLES Pregii b 4368y or the like.
BP-1900), P - P.3181) o 4P
KNK505 % FER&GQ%%%S’)%P ° %?&%Fﬁ%%aa%gﬁ?ﬂe?wf%p%fgés %%%ﬁw%sult%ﬁ? ?ig’f) ,

E. coli JMO09pBRadhedFERMBRe3123) uwald ofthenkl k8mposite immobilized RSk
preparation of the present invention.
5 [0011]

The enzymes used in the present invention can be
produced simultaneously by using a microorganism which is
capable of producing both enzymes. Alternatively, the enzymes

" can be produced separately or simultaneously using microor-

10 ganisms which are\capable of producing respective enzymes
alone. As the microorganism-which is capable of‘producing

both enzymes, a microorganism isoclated from a natural source

such as an Agrobacterium disclosed in JP-B 63-205200 and the

like can be used. In addition, a recombinant microorganism
15 prepared by isolating genes of both enzymes from the microor-
ganisms isolated from a natural source and introducing them
into a host, for example, the microorganisms disclosed in WO
94/00577, can be used. Alternatively, genes of both enzymés
can be isolated from the same or different microorganisms and
20 inserted into the same vector in the expressible form of both
genes, or inserted into different vectors having different
replication modes, foi example, pUC19 and pACYC184. Then, the
recipient host such as E. coli can be transformed with the
above vector or vectors so that a single microorganism can

25 produce both enzymes. 1In these cases, by selecting the kinds



When a stabilized decarbanyl ase in which the amno 10 acid responsible

for heat resistance of the decarbanyl ase is repl aced by anot her one
is used, the follow ng transformants di scl osed in WD 94/ 03613 can be
used. For exanple, the transformants include E. coli JMLO9pAD402
(FERM BP-3912), E. coli JMLO9pAD404 ( FERM BP-3913), E. col
JMLO9pAD406 ( FERM BP- 15 .3914), E. coli JMO09pAD416 (FERM
BP-3915), E. coli JMLO9pAD428, E. coli JMLO9pAD429 (FERM
BP-4035), E. coli JMLO9pAD431, E. coli JMLO9pAD434, E. coli
JMLO9pAD435, E. coli IMLO9pAD43R1E- coli JMLO9pADA41, E. coli
JMLO9pAD445, E. coli JMLO9pAD447, E. coli JIMLO9pAD448, E. coli
JMLO9pADA50, E. coli 20 JMLO9pAD421, E. coli JMLO9pAD422, E. coli
JMLO9pADA23, col i JNHOQpAD424 (FERM BP-4034), E. coI
JMLO9pADA25, E, ka9 pAD427

IMLOOPADA5T. |‘:’§ Sfphoters h?l%’/iw%‘g ugcafRbi 1t gg ”Ee pidehids

i P o
JMLO9pADA69, eﬁ-zy‘ir@_ lcan be varied according to a particular ‘pu&%ose
JMLO9pAD470, E. coli HB101pNT4553 (FERM BP-4368) or the |ike. When
such stabil i zeadwerzpied taie prederied ¢o beJulsts thanrfatio so as @t abadni n
repeated use of the conposite inmobilized enzyne
5 almost equal amounts of enzyme proteins. In the case that
microorganisms which produce different enzymes separately are
used, strains isolaﬁed from natural sourées or recombinant
microorganisms prepared by using gene recombinant technique
can also be used. In such case, the production of the enzymes

10 can be carried out either by cultivating the producer
microorganisms separately, or cultivating-in a mixed culture
at various ratios, preferably, at such a ratio that almost
equal amounts of the enzymes can be produced.

[0012]

15 The cultivation can be carried out aerobically, for
éxample, by shaking culture using flasks or by spinner culture
with aeration, As for culture medium used in the cultivation,

"normally, an nutrient medium which contains generally used
natural nutrients such as meat extract and polypeptone and the

20 like can be used. When hydantoinase is produced separately

- or simultaneously with decarbamylase, a good result can be
obtained by carrying out the cultivation with addition of
manganese ion in an amqunf of, for example, as manganese

chloride, 1 to 100 mg/liter, preferably about 20 mg/liter.
25 [0013]



preparation of the present invention. 5 [ 0011]

The enzynes used in the present invention can be pr oduced

si mul t aneously by using a m croorgani smwhich is capabl e of
produci ng both enzynmes. Alternatively, the enzynes ) can be produced
séparately or sinultaneously using mcroor- 10 gani sns which are
capabl e of producing respective enzynes al one. As the

m croorgani sm whi ch i s capabl e of producing both enzynes, a

m croorgani smisolated froma natural source such as an
Agrobact eri um di scl osed in JP-B 63-2052b9 and t he | i ke can be used.
In addition, a reconbinant m croorganism 15 prepared by isolating genes
of both enzynes fromthe m croor- gani sns isolated froma natura
source and introducing them ~into a host, for exanple, the

m croor gani sns di scl osed. j .94 , . . .
Al ternatively, genes of rbﬁﬁxgk%ﬁﬁﬁgt l%V%%QE%éd %%giggﬁgﬁgg FPghf?ﬁgtS§ﬁb

or different mher eg&ng%{igir&%daaﬁz ege%re%gf%i&q iftghd %%ﬁ%%ﬁ?h%i&ﬁl&he

expressible formo _ _ Inserted I nt vectors
having differgpfrified ofeBkheat ifJInIPUES, ihOlsciedBases PUSHS Bl PAENCHIA.

Then, the reci pi ent host such as E. coli can be 'transformed with the
above vect or "@iiceRieNS cHllidapedn S&Ngl andi, CAAOIs@ANE HM £LANth@5enzypesd ace
both enzynes. |In these cases, by selecting the kinds ,

5 under the conditions that the enzymatic activities can be

e#hibited the enzymes can exist in any form, and can be
accompanied.by any substance.
[0014]
In the preparation or use of the composite immobi-
10 lized enzyme preparation of the present invention, better
results can be obtained by adding an antioxidant for a
repeated use. As such an antioxidant, there can be used
dithiothreitol, 2-mercaptoethanol, L-cystein hydrochloride,
cysteamine hydrochloride, dithioexrythritol, a mixture of
15 dithiothreitol and dithioerythritol, reduced glutathione and
the like.
[0015]
An immobilized support used can be varied according
to particular use conditions of the immobilized enzymes. When
20 a crude enzyme solution such as a cell-free extract, or a
partially purified enzyme solution treated by ammonium sulfate
precipitation or the like are subjected to immobilization,
polymer supports having ion exchanging groups or covalent
bonding groups can be used.

25 [0016]



of pronoters having various capabilities and the plasm ds havi ng

dirf ferent copy nunbers, the ratio of production of each enzynme can
be varied according to a particul ar purpose. However, it is
preferred to adjust the ratio so as to obtain 5 al nost equal anounts
of enzyne proteins. |In the case that m croor gani sms whi ch produce
different enzynes separately are used, strains isolated fromnatura
sources or reconbi nant m croor gani snms prepared by using gene
reconbi nant techni que can al so be_used. In such case, the production
of the enzynes 10 can be carried~ &dt~either by cultivating the

pr oducer m cr oorgani sns separately, or cultivating in a m xed
culture at various ratios, preferably, at such a ratio that- al nost
equal amount's of the enzynes can be produced. [0012] 15

The pult[vation can be 9£§rf89 2Ybo 89i§ﬁ tfﬂﬁving an . %m%é% Jﬁ/in
shaking culture using fl'asks or by Spinner Fure W aerg%!é%, s
for culture nP(jjil‘qC%{g% USPS‘r'QxS;{Hﬁl&P' bg&ﬂt@“’(rﬁg{tstefaar Bl n?a’h@ﬁtééﬁ%s,

medi um whi ch co hs generalTy Use ural nutrirents su as neat

extract and pQlypeans ¥ dRA] red@stertik@radB RErkseseridMenny imimase

is produced separately or sinultaneously wth decarbanyl ase, a good
result can be ing groabkaid®dwhycharane ngrambriyhe saddridedy onterthaggdidridn
of manganese ion in an anount of, for exanple, as manganese

chl oridé 1 toquErmglty tamings efear &blpolapipred(® mydin dravimp a diethanol
[0013] type functional group, for example, Diaion EX can be used.
[0017]
As for a support with a covalent bonding group, a
subétifuted polymethacrylate polymer having an aldehyde és a
10 bonding group, a high density alumina covered with a complex
of polyethyleneimine/glutaraldehyde and the like can be used;
[0018] |
To immobilize whole microbial cells such as live
cells or dried cells, a polymer such as polyacrylamide,
15 polyurethane or calcium alginate, or a porous material such
as alumina can be used.
[0019)
The composite immobilized enzyme preparation of the
present invention is produced as follows, Firstly, each
20 enzyme is produced by cultivating microbial cells. When a
microorganism capable of producing the enzymes simultaneously
is used, a cell-free extract can be prepared by collecting the
cells and disrupting them with, for example, sonication,

mechanical disruption (for example, homogenizer) or enzyme

25 treatment. When a solution of the composite enzyme is



- 12 - In the present invention, the enzymes can exi st
I n the immobilized enzyne preparation in the purified, partially
purified or crude form or in sonme cases, in the form of m cr obi al
cells per se. And, in so far as the enzynes are 5 under the conditions
that the enzymatic activities can be exhi bi ted the enzynes can exi st
in any form and can- be acconpani ed by any substance.

[ 0014] In the preparation or use of the conposite imobi -
10 i zed enzyme preparation of the present invention, better

results can be obtained by addi ng an anifoxi dant for a repeat ed use.
As- such an antioxi dant, there can be used dithiothreitol,

2- mer capt oet hanol , L-cystein hydrochl ori de, cyst eam ne

hydrochl oride, dithioerythritol, a m xture of 15 dithiothreitol and

di.t hi oerythri t&gp{féﬁ’%@&%&ﬁﬁglf? e%@qnicroqr atsrgigsnlé ,k t canrl??a (Prepared

[ 0015] I'zéd suppor can be va

L . e ¢ : L .
accordi ng L BY P PRFd L G gﬁﬁ?@#‘:‘;{%ﬁdﬁ%& e{-;{bf‘?cra{ee ) d&l%ie%%d*ﬁ?he

When 20 _Crude enzyne s _ as a cel I"-1 tract, or .
partially pU“ééIEEﬁnfiﬁﬁaiQh@Hfﬁhﬁééﬁﬁﬁﬁ B¥130PPREUB S bd AL and mixing
|

preci pitation or the ke are subjected to inmobilization, pol ymer
supports havinghémn exahangditngcgs obes prepaved ey cultivating respective
5 producér microorganisms together and disrupting the_cells at
the same time to prepare a cell-free extract in which both two

enzymes are mixed.

[0020]

The support is Qséd after activation of its
10 exchanging group with, for example, aqueous solution of sodium
chloride and equilibrating, for example, in a buffer solution.
The mixture is stirred at 4 to 30°C, preferably'ét 15°C, and
the support is collected by filtration after the amount of
enzyme adsorbed reaches the given amount (normally 8 fo 48
15 hours, preferably this is carried out under the atmosphere of
inert gas, such as nitrogen). Then, the support is washed and
insolubilized by treating with a cross-linking agent to
stabilize it. As for a cross—linking agent, a known agent
such as at less than 1%, preferably 0.1 to 0.2% glutaraldehyde
20 can be used. The cross-linked composite enzyme immobilized
preparation is washed with distilled water and a buffer
solution (preferably containing antioxidant) and stored in wet

state in a sealed vessel at a low temperature (4°C).

[0021]



bondi ng groups can be used. 25 [ 0016]

--13 - As for a polyner support having an ion
exchangi ng group, for exanple, Duolite (registered trade mark)

seri es, or Anberlite IRA (registered trade mark) series, the
exchang- ing groups of which are primary, secondary, tertiary and
5 quaternary am nes; or a polystyrene resin having a diethanol

type functional group, for exanple, D aion EX can be used.

[ 0017] As for a support with a coval ent bonding group, a
substituted pol ymethacryl ate pol ymer hat? my an al dehyde as a 10 bondi ng
group, a high density alum na covered with a conpl ex of

pol yet hyl enei m ne/ gl.ut aral dehyde and the |ike can be used.

[ 0018] To i mmobilize whole mcrobial cells such as live

cells or dried cells, %q%g!ﬁ#g&éesssgf&axa;%fgéxycaﬁ{glﬁ‘%—?&gﬁr&%%cids from 5-

pol yur et hane or cal cium3a rous eri

al um na can b%ﬁ%%%ﬁgyted ?x?antoins bg[q%gﬁ% the composite imhBBilized
I n of the

conposite inmmobil'ized enzy preparati
enzyme preparation of the present invention will be described

hereinafter.
5 [0022)

The reaction is carried out by reacting the
substrate, 5-substituted hydantoin, with ;he composite
immobilized enzyme preparation, if necessary, in the presence:
of an antioxidant agent and/or manganese ion. Normally, it

10 is preferred that the reaction is carried out in the presence
of 0.1 to 20 mM of an antioxidant agent and manganese ion.
The reaction proceeds according to the following reaction

scheme:



present invention is produced as follows. Firstly, each 20 enzyne is

produced by cultivating mcrobial cells. Wen a m cr oor gani sm
capabl e of producing the enzymes sinmultaneously is used, a cell-free
extract can be prepared by collecting the cells and disrupting them
with, for exanple, sonication, mechani cal disruption (for exanple,
honogeni zer) or enzyne 25 treat nent. When a solution of the conposite
enzyme is : -14-
prepared by using different mcroorganisns, it can be prepared by
cultivating the nicroorganisns'separaIel@,“coIIecting t he cells,
preparing respective cell-free extracts and m xi ng them O, it
can be prepared by cultivating respective 5 producer nicroorgani sms
toget her and disrupting the cells at the sane tinme to prepare a
cell-free extragt i. i t_h .two . enzynes are m xed.
[ 0020] [%%eﬂfEéM] quhdﬂort is used after activation of its 10
exchangi ng group Wgilhg for exgnpl e, aqueous soldy gy Qe sodium
chlioride and equilibrating, jfor exanple, in a RidH;iiSiclddion. The
mxture is stirred atggd to 3gierry C,Hébf ef er abl yeﬁiyﬂé[g_{-é?@raﬁﬂgn
the support is collect by filtration after the anpunt o enzyne
" adsor bed reaches the gi ven amount (norrmally 8 to 48 -
I (Mn?*)
0]
R~-CH-COOH ] composite
| - immobilized
10 - TH ' .+ Hy0 enzyme preparation
. M
?=O : (antioxidant agent)/
R-CH-COOH

'+ CO, + NH,
15 NH,
wherein R represents phenyl group, phenjl group substituted
with hydroxy group, alkyl group, substituted alkyl group,
aralkyl group or thienyl group.
[0q23]
20 The concentration of. the substrate 5-substituted
hydantoin to be used is 0.1 to 30% (w/v), preferably 1 to 5%
(w/v). The enzyme activity of the composite immobilized
enzyme preparation is generally, 5 to 80 units/g support for
decarbamylése (wherein 1 unit of the enzyme is the amount of
25 | the enzyme required for converting the substrate D-N-carbamyl-

p-hydroxyphenylglycine into D-p-hydroxyphenylglycine for 1



15 hours, preferably this is carried out under the at nosphere of
I mert gas, such as nitrogen). Then, the support is washed and

i nsolubilized by treating with a cross-linking agent to stabilize
it. As for a cross-Ilinking agent, a known agent such as at |ess
than 1% preferably 0.1 to 0.2% gl utaral dehyde 20 -can be used. The
cross-1linked conposite enzynme i mmobilized preparation is washed with
distilled water and a buffer solution (preferably containing
antioxidant) and stored in wet _ state in a seal ed vessel at a | ow
tenperature (4[err]C). 17 [0021]

- 15 - The process for producing D-[err]-am no acids
from5- substituted hydantoins by using the conposite inmobilized

enzynme preparation of the present invention will be described

hereinafter. p3nytes at PH7- ol 9842k oo ggrand or daIB%lgS%gt'aa bfiding

carried out by reactlng sub at LEitire ydant mnth

I Secoree!  upen, conaf ety ST o Ly,
10 i's DVEfQRh%&é&Wﬂltﬁﬁhfeéﬁthﬁ%'é%é?ﬁé'ﬁ@ fHE lafhou® BESEREéCenzyme
required for converting the substrate p-hydroxyphenylhydantoin

5 into D-N-carbamyl-p-hydroxyphenylglycine for 1 minute at pH
8.7 and 40°C). The ratio of the enzymes to be adsorbed to the
support is adjusted so that almost equal activities can be
expressed, although this wvaries according to particular
reaction conditions (e.g., PH). For example, when the

10 reaction is carried out at pH 7.5, the desired immobilized
enzyme preparation can be prepared 'by carrying out the
immobilization reaction with an enzyme solution containing

about 5 times larger amount of hydantoinase in terms of almost

equal amount of protein and specific activity. The use amount

15 of thereof is about 10 +to 20 units/g substrate as
decarbamylase activity. The reaction pH is adjusted to the

range of 6.5 to 8.0, normally pH 7.5. The reaction tempera-

ture is varied according to a particular enéyme. However, in
general, the reaction is carried out at 30 to 60°C. A higher

20 temperature can be employed for a particular heat resistant
enzyme. The reaction is carried out normally by column method

or by suspending the composite immobilized enzyme preparation

in a reaction vessel. In the latter case, a batch reaction

is usually carried out and the reaction time is about 6 to

25 about 48 hours per batch. By using the composite immobilized



of 0.1 to 20 nmM of an anti oxi dant agent'and manganese i on. The
reacti on proceeds according to the foll owi ng reaction schene:

-16 -
group,

[err]
phenyl

. wherein R represents phenyl
group substituted wi t h hydroxy group, alkyl group,

substituted al kyl group, aral kyl group or thienyl .group.

[ 0023]

10

15

20

25

- 18 -

enzyme preparation of the;presént invention, the corresponding
D-amino acid can be produced from a 5-substituted hydantoin
at a high yield in a one-step reaction.

[0024]

Examples

The following examples further - illustrate the
present invention in detail.

Example 1

Firstly, for preparing an enzyme solution of
hydantoinase, Bacillus sp. KNK108 (FERM P-6056) was inoculated
to a 250 ml of seed culture medium (meat extract 1.0%,
polypeptone 1.0%, yeast extract 0.5% (pH 7.0)) and cultivated
at 33°C for about 25 hours. This seed culture was inoculated
fo 2.5 liter of a culture medium (meat extract 1.0%,
polypeptone 1.0%, feast extract 0.5%, uracil 0.1%, MnCl, 20
ppm (pH 7.5)) and cultivated at 33°C for about 16 hours. The
microbial cells were collected by'centrifugatibn and suspended
in 50 ml of 20 mM MnSO, aqueous solution. After adjusting the
pH to 8.5, the cells weie disrupted by sonication and the
residue was removed to obtain a crude enzyme solution of
hydantoinase. |

[0025]

In addition, ‘to prepare an enzyme solution of
decarbamylase, E. coli HB101lpNT4553 (FERM BP-4368) was

cultivated in 20 ml of 2YT medium (Bacto peptone 1.6%, Bacto



20 The concentration of the substrate 5-substituted

hydantoin to be used is 0.1 to 30% (W vVv), preferably 1 to 5% (W v).
The enzyne activity of the conposite immobilized enzyme preparation
is generally, 5 to 80 units/g support for decar banyl ase (wherein 1
unit of the enzyne is the anount of 25 the enzyne required for
converting the substrate D N-carbanyl - p- hydr oxyphenyl gl yci ne into
D p- hydr oxyphenyl gl ycine for 1 -
17 - mnutes at pH 7.0 and 40[err] C) and, for hydanoti nase,
dependi'ng . upon conditions of adsddrption, about 1 to 10 tines per
support (wherein 1 unit of the enzyne is the anount’ of the enzyne
required for converting the substrate p-hydroxyphenyl hydant oi n 5 into
D- N-car banyl - p- hydr oxyphenyl gl yci ne for 1 m nute at pH 8.7 and

40[err] O The Lati o gL LbE SNEWTESLO) b Ag5OLRR Laeki®a wien sBURRPAL

I s adj usted S(yeteh noS equal | t| e exXpressed,

al though this a%ﬁocﬁslﬁ%oiae' nﬂ?{]t h8U4R" 16 hours! A% AN caepditl Ahs

(e.g., rexanpl e reactton is carried out at pH

7.5, the des' rigth TR 1784 . 4 llter BRZY¥R REQPAhALHOSn HASUPE OF PR /Y
carrying out the |nnDb|I|zat|on reaction with an enzyme sol ut'i on

containing  cultived attiIesc| &ogerapsaynt2e0f hbugant oi mase tallser e
al nmost equal ampount of protein and specific activity. The use-
anmount 5 collected by centrifugation and suspended to 140 ml of 5 mM
dithiothreitol solutioﬁ. After adjusting the pH to 7.0, the
cells were disrupted by sonication and the residue was removed
to obtain the supefnatant as a{ crude enzyme solution of
decarbamylase. |
10 - [0026]
Example 2
By using.the crude enzyme solutions obtained in
Example 1, immobiiization of the enzymes was carried out.
Duolite A~568 (Rohm & Haas) as a immobilization support was
15 washed with firstly 1M NaCl and ion exchanged water and then
put into the ion exchanged water and the pH was adjusted to
7.5. To 8.4,g of this resin were added 20 ml of the crude
enzyme solution of hydantoinase and 11.5 ml of the crude
enzyme solution of decarbamylase the pH of both of which had
20 been adjusted to 7.5 and the mixture was stirred at 15°C for

about 20 hours under nitrogen atmosphere. After washing this

resin twice with 0.5 mM MnSO, solution, the resin was
suspended in five time volumes of ion exchanged water. After
the pH was adjusted to 7.5, the suspension was stirred for 35

25 - minutes with addition of 544 ul of 2.5% glutaraldehyde with



15 of thereof is about 10 to 20 wunits/g substrate as :

decar banyl ase activity. The reaction pHis adjusted to the range of
6.5 to0 8.0, normally pH 7.5. The reaction tenpera- ' ture is varied
according to a particular enzyne. However, in general, the reaction.
Is carried out at 30 to 60[err]C. A higher 20 tenperature can be

enpl oyed for a particul ar heat resistant enzyne. The reaction is
carried out normally by colum et hod or by suspending the conposite
i mobi | i zed enzyne preparation in a reaction vessel. In the latter
case, a batch reaction S usuaTI%Ocarried out and the reaction tine
Is about 6 to 25 about 48 hours per batch. By using the conposite

i mobi | i zed - 18 -

enzyme preparation of the present invention, the correspondi ng

D-am o 2C1 0 GARAGRY 00HEEY L1008 e Pt WAl bR AR 80 e s o1

high yield in one-st'ep rea

E;(grsrgln'?si nvent i'or) ‘in deI!['Mal ;B&ﬁ' f8ha 0% Niat®RABOZS OfVl_éIrrtgh"%rhti ' bEStSt£id Nene
Firstly, for pgRddite Ahm@EN e iyt Yreparation
[0027].

.5 Then, as controls, resins to which two enzymes‘were
separately immobilized were prepared.

_Each of 20 ml of the crude enzyme solution of-
hydantoinase and 60 ml of the crude enzyme solution of
decarbamylase was mixed with each of 4.2 g and 22.0 g of the

10 above immobilization support and the same operations as
described above was carried out to obtain each immobilized
enzyme resin in which each enzyme was separately immobilized.

[0028]

Example 3

15 By using the compbsite immobilized enzyme prepara-
tion and control immobilized enzymes containing respective
single enzymes obtained in Example 2, the reactions to produce
_the corresponding D-a-amino acid from a 5S5-substituted
hydantoin were carried out.

20 After addition of 1g of 5-(p-~hydroxyphenyl)hydantoin
as the substrate to 100 ml of 0.1 M KPB (pH 7.5), 1 mM MnSO,
and 5 mM DTT, nitrogen gas was sufficiently bubbled in and thé
reactién conditions were adjusted to 40°C and pH 7.5. In
order to obtain the same enzymatic activities of both enzymes,

25 0.97 g of the composite immobilized enzyme preparation or 3.0



10. hydant oi nase, Bacillus sp. KNK108 (FERM P-6056) was i nocul at ed

to a 250 mM of seed culture nmedium (neat extract 1.0% pol ypept one
1.0% yeast extract 0.5% (pH 7.0)) and cultivated at 33[err]C for
about 25 hours. This seed culture was inocul ated . to 2.5 liter of a
cul ture nmedium (neat extract 1.0% 15 pol ypeptone 1.0% yeast extract
0.5% wuracil 0.1% WMdJ[err] 20 ppm (pH 7.5)) and cultivated at
33[err]C for about 16 hours. The m crobial cells were collected by
centrifugati on and suspended in 50 mM of 20.mM MhSO err] aqueous
solution. After adjusting the DFP%O'B.S, the cells were disrupted by
soni cation and the 20 resi due was renoved to obtain a crude enzyne

sol ution of hydant oi nase. [ 0025]

In addition, to prepare an enzynme sol ution of decar banyl ase, E. col

nggggNggg?gngF )ﬁﬁﬁi@?&gn%@§na§é immBBEEEEQHegdd%mg)éHdc% gng"EQ'QE%b
iAGsel i AHopNaEL o8 S8 vis ARl RIRGRE W dhe %&@EJ’(JIQWS

anp|C|II|n at 37[err]8ﬁ?or about 16 hours. This culture was

i nocul at ed tochrkildd eutovi2XThabBl Ufyi Of ik eyt s Hhd ddthtrolling the
cultivated at 37[err]C for about 28 hours. The cells were
reaction pH to 7.5 with 2N H,S0, or 6N NaOH. The reaction was

5 carried out for 29 hours with periodical samplings. The
ammunt of p~hydroxyphenyiglycine produced at each sampling
point was determined by high performance liquid chromatography
(Nippon Bunko, Finepack SIL C-18 column);

The results are shown in Fig. 1.

10 As is seen from Fig. 1, it is found that the
rgaction can be carried ouf more efficiently'when two enzymes
were immobilized simultaneously on the same resin.

[0029]
Example 4

15 The stability of the enzyme activities was investi-
gated by carrying out +the zreaction repeatedly with the
composite immobilized enzyme preparation. Two grams of 5-(p-

hydroxyphenyl )hydantoin was added to 100 ml of 1 mM MnSO, and

5 mM DTT and pH was adjusted to 7.5. To the mixture was added
20 8.9 g of the composite immobilized enzyme preparation obtained
in Example 2 was added and the reaction was carried out af
40°C for 23 hours with bubbling of niérogen gas and control-
ling the pH to 7.5. After filtering the reaction mixture with
suction, another mixture was added to the composite immobi-

25 lized enzyme according to the same manner as described above



5 coll ected by centrifugation and suspended to 140 ml of 5 mM 3
dethiothreitol solution. After adjusting the pHto 7.0, the cells
wer e di srupted by sonication and the residue was renoved to obtain
the supernatant as a crude enzyne sol ution of decar banyl ase. 10

[ 0026] Exanpl e 2 By using the crude
enzynme sol utions obtained in Exanple 1, inmmobilization of the
enzymes was carried out. Duolite A-568 (Rohm & Haas) as a

I mobi | i zation support was - 15 washed with firstly 1M NaC and ion
exchanged water and then put imtd2the ion exchanged water and the pH
was adj usted to 7.5. To 8.4,g of this resin were added 20 ml of the
crude enzyme sol ution of hydantoinase and 11.5 m of the crude
enzyme sol ution of decarbanylase t he pH of both of which had 20 been

adj usted to 7, ?,daEHet aghéh”&a rsIIlIerd’ %% '%}Eig rcfﬂeci‘a{fpiron was trmﬁgglﬁtedzo

hour s under rogen a nDsp ere

0.5 ”NINhSCﬂ FRML £GPt %?Fr%%t% @%%ymﬁ actl%&%R%%d%@rbndE%%&mﬁh%ﬁh%Q|%ﬂ%s

of ion exchanged water. H was adjusted to
suspen5|on magngtb&rggdﬁp&éyétfg§ n1nutes with addition of 544 [err]l of
2.5% gl ut ar al dehyde with - 20 -
The relative activities to those in the first

5 . reaction are shown in Fig. 2.
The decrease in the activities were scarcely
observed in these five reactions.
[0030]
" Effect of the Invention

10 By using of the composite immobilized enzyme
preparation produced by immobilizing the hydantoinase and the
decarbamylase simultaneously on the same resin in the
production of the corresponding D-a-amino acids from 5~

- substituted hydantoins, it is possible to carry out the one-

15 step reaction with much simpler operations than two-step
reaction and more éfficiently tﬁén the reaction by the mixture
of the two immobilized enzymes obtained by immobilizing these
‘enzymes separately to the different resins.

Brief Explanation of the Drawings:

20 Fig. 1 A graph illustrating the time courses of
the reactions for the production of the corresponding D-p-
hydroxyphenylglycine from 5-(p-hydroxyphenyl)hydantoin in
Example 3 by using the composite immobilized enzyme prepara-

tion of the present invention and the mixture prepared by



portions. This suspension was treated wwth 50 nM Tris-HCL (pH 7.5),
5«nM DIT and 1 mM MhS(O err] overnight to obtain the conposite

i mmobi li zed enzyne preparation [0027]. .5

Then, as controls, resins to which two enzynes were separately

i rmobi | i zed were prepared. Each of 20 ml of the crude
enzyne sol ution of hydant oi nase and 60 m of the crude enzyne

sol ution of decar banyl ase was m xed with each of 4.2 g and 22.0 g of
the 10 above i mmobilization supporé and the sane operations as

descri bed above was carried out to obTafh ®ach i nmobilized enzynme .
resin in which each enzyne was separately i mmobi | zed.

[ 0028] Exanmple 3 15 o By using the conp05|te
i rmobi |i zed enzyne prepara- tion and control inmobilized enzynes

containing r e%ﬂﬁgfrﬁl\’ﬁ.z:.ng hy 'n'?'.%!l?xa%réz)ﬂﬁsdgeéfbgﬁ?lhgem&tglytf@ the

reactions to produce e corresponding D-a-amno acid froma
5-substituteddlffereﬁgugggfﬂg were carried out. 20

Afteraddition of | g of 5-(p-hydroxyphenyl)hydantoin as the substrate
to 100 mM of 0.1 MKPB (mily.7.5), Al gAdphSQMustratirmncie DR ity tobgdre
gas was sufficiently bubbled in and the reaction conditions were

adj usted to 4Greyme® drd Epeated rdartions bynudmg chehtempasices dmmobi~
enzymatic activities of both enzymes, 25 0.97 g of the conposite

i mobi | iZzed erZdaad mraEetprspraratgian.



- 21 - g of the hydantoinase i nmobilized enzyme and 0.26 g of
t me dacar banyl ase i mmobi |l i zed enzyne were added. The reaction was

carried out with.bubbling of nitrogen gﬁé
reaction pHto 7.5 with 2N [err] or 6N

&

determ ned b
Fi nepack SIL C 18 col um).
1. 10 As is seen fromFig. 1

and controlling the

The reaction was 5

carried out flmcu@enbu¥ame t Ppawings$ cal sanplings. The

p- hydr oxyphenyl gl yci ne; produced at each sanpling
iﬁﬁ%}ﬁfﬁ)é ormance |iquid chronat.ography

amount of
poi nt was
(Ni ppon Bunko,

The results are shown in Fig.
is found that the

reaction can be carried out nore efficiently when two enzynes wer e

i mmobi |i zed sinul taneously on the sane resin.
Example 4 15
i nvesti -

[ 0029]

The stability of the enzyme activities was
gated by carrying out the reaction repeatedly with the

conposite immobilized enzyne preparation. Two grans of 5-(p- :
hydr oxyphenyl ) hydant oi n was added to 100 ml of 1 mM MnSO4 and 5 mv

DIT and pH was adjusted to 7.5. To the m xture was added 20
t he conposite inmobilized enzyme preparation obtained

was added and the reaction was carried out at
wi th bubbling of nitrogéen gas and control -

8.9 g of

in Exanple 2
40[err] C for 23 hours
ling the pHto 7.5. After

filtering the reactiof mxture wth
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suction, another m xture was added to the conposite inmmobi- 25 lized
enzyne according to the sane manner as descri bed above

- 22 - and the reaction was @&-ied out. This operation was

r epeat ed five tinmes and both enzyne activities were determ ned at

t he end .of each reaction. The relative activities
to those in the first 5 reaction are shown in Fig. 2.

The decrease ir[ﬁ{@hﬁgtﬁﬂities were scarcely observed in these five
reactions. [ 0030] Ef fect of the

I nvention 10 By wusing of the conposite imobilized
enzynme preparation produced by inmmobilizing the hydantoi nase and the
decar banyl ase sinultaneously on the sane resin in the producti on of
the corresponding D-[err]-am no acids from 5- substituted
hydantoins, it is possible to carry out the one- 15 step reaction with
much si npl er operations than two-step reaction and nore efficiently
than the reaction by the m xture of the two inobilized enzynes
obt ai ned by i nmobilizing these enzynmes separately to the different
resins. Bri ef Explanation of the Draw ngs:

10 —‘\:———‘"’/—'/.
} ' — A e —A

5 -

20

Relative Remaining Activity (%)
T

14 2 3 4 5
Reaction Number

Hase : DCase
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20 Fig. 1 A graph illustrating the time courses of
the reactions for the production of the correspondi ng D p-

hydr oxyphenyl gl ycine from 5-(p-hydroxyphenyl)hydantoin in Exanpl e
3.by using the conposite i mobilized enzyne prepara- tion of the
present invention and the m xture prepared by

- 23 - i mmobi |'i zi ng hydant oi nase and decar banyl ase separately to
t he di fferent resins. Fig. 2 A graph illustrating
the stability of the enzynmes in repeated reactions by using the
conposite immobi- 5 i zed enzyne‘p? par ati on.

Document Name: Abstract
o (Purpose) To provide an efficient process for
producing D-o-amino acids. |
(Construction) A process for the production of a
5 D-amino acid from.a DL-5-substituted hydantoin which comprises
‘using a composite iﬁmobilized enzyme obtained by immobilizing
. a hydantoinase and decarbamylase on an immobilizing support,
simultaneously.
(Effect) One-step reaction can be carried out
10 simpler and more convenient than a conventional process.

Selected Figure: Non



