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of D 15 amno acids. In particular, mcro-organisns suitable for the
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N-carbannylanlno acids. These novel mcro-organisns are sinple to
cultivate and nake possible high D-amino acids yields fromdifferent
substrates. - 20 BACKGROUND OF THE | NVENTI ON The i nportance of optically pure
amno acidscis primarily due to the use of Damno acids, e.g.

D- p- hydr oxyphenyl gl yci ne, as side chains in sem -synthetic penicillin and
cephal osporins (Syldatk et al, 1990). Optically pure am no acids al so have
25 applications in the production of other pharmaceuticals and flavourants
(e.g. D alanine in sweetners), pesticides (D-valine in the synthesis of
insecticide fluvanilate), and as additives in animl feedstock (Pol astro,
1989). Conventionally, D, L-5- substituted hydantoi ns have been used as
starting materials for the chem cal synthesis of D-amno acids. This
process”is cunbersome and inefficient since chemcal 30 synthesis results
in an equinolar mxture of D and L-arnino acids requiring racenate
resolution to obtain optically pure D-am no acids (Syldatket al., 1990). An
alternative to chemical synthesis is the use of enzymatic conversion of
hydantoins to their respective amno acids (Qivieri et at., 1979).
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PCT/ ZAY/ 00173 2 result EBQQHQEE&QﬁﬂﬂHﬂlﬁ&ED_process with environnmental |y
beni gn by-products and effluents (Santaniello et al., 1992). The

bi ocatal yti c conversion of p-
FIELD OF THE INVENTION

The invention relates to novel micro-organisms and their use in the production of D-
15  amino acids. In particular, micro-organisms suitable for the production of D-amino
acids from corresponding hydantoins or N-carbamoylamino acids. These novel
micro-organisms are simple to cultivate and make possible high D-amino acids yields

from different substrates.

20 BACKGROUND OF THE INVENTION

The importance of optically pure amino acidssis primarily due to the use of D-amino
acids, e.g. D-p-hydroxyphenylglycine, as side chains in semi-synthetic penicillins and
cephalosporins (Syldatk er af, 1990). Optically pure amino acids also have
25 applicatiohs in the production of other pharmaceuticals and flavourants (e.g. D-
alanine in sweetners), pesticides {D-valine in the synthesis of insecticide fluvanilate),
and as additives in animal feedstock (Polastro, 1989). Conventionally, D, L-5-
substituted hydantoins have been used as starting materials for the chemical synthesis
of D-amino aeids. This process is cumbersome and inefficient since chemical
30  synthesis results in an equimolar mixture of D- and L-amino acids requiring racemate
resolution to obtain optically pure D-amino acids (Syldatk et al., 1990). An alternative
to chemical synthesis is the use of enzymatic conversion of hydantoins to their
respective amino acids (Olivieri ef al., 1979). Biocatalytic conversions have major

advantages: the enzyme systems are stereoselective and mild reaction conditions



hydr oxyphenyl hydantoin to D-p-hydroxyphenyl gl yci ne has be as one
of the main biocatalytic processes in the world nmarket (Po astr 989). c
The bi ocatal ytic conversion of hydantoins to their correspondi ng am no
acids is catalysed by two enzynmes: first, an hydantoi nase catal yses the

ring- openiyg er/foygd ol ysis of the 5-substi tut ed hydant oi n g Rloades an
N-carbanylam no acid in a reversible reaction. Cassified as cyclic

am dases (E. C 3.5.2), hydantoi nases nay be 10 D, L- or

non- st ereosel ective. In the second *eaction, t he ‘N-car banyl am no acid is
converted to its corresponding am no acid either chemcally, or through the
action of a econ

nz CI d dr ol ase
(E. C 3.5. 178" A g‘ﬁapi '&X“ggfahgﬁcess STHk 8‘%8?’““?&8’(/ SHignapy- \‘?mg‘r“rqy ot 1979) .
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certain m n S
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al ., 1990; nia{arbtdcayly“femr@les,sq;s il 9@ &)orld Bragwt dotestioe 198FHant oi n- hydr ol ysi ng enzyne
systens.have been identified in a variety of bacteria, including a

Pseudonbnas isol ate (I kenaka et at, 1998), Bacillus 20 stearotherrnophilus
(Lee et al The bBosylyticBepsdriians Of:lhfs'@(m%msto( theik sarrespongling, amig9 7ridany  sever al

Agrobacterch Sl g g ( nyéerﬂ elanhydantb ARt cABHISEmEL 4990, Hartley
et at, 1998m Nan]%'a e? éa;??l i rs}t N ygarelnes e?ncodl ng onrgﬁ%ﬁ/ga oi nase and

three N chrdsedyss @rﬁhﬁéﬁﬁ’éﬁﬂdﬁeﬁ@%mﬁbp%ﬂ'@eéﬁi‘{r‘f"f’é‘%ﬁf‘fﬁa@ﬁ'ﬂ #ed mg¥ obact eri um

strains haY&eerl@erE'acﬁ(!no@ﬁgsliﬁﬁdascb\{r@rc SHPsesaeds kN, Eﬂ%@ﬁ@élhéégﬂ Aa Q}CQAt (Dur ham
and Weber, 1995; 25 Buson et at 1996 Grifantini’ ét al Nanba et at,

1998) . 1DNADsderu@inkas-sigreaselesiig. Thihe seenyd Apastion the f@frﬁar&élwi@@ﬂ@)ﬁmaﬁﬁ no acid
honol ogy bgivgra t&\hgaﬁr@@m&l@%ﬂﬁb 25d Giherhb Aoy A Ghras@sind 4B bie

Agr obacteri a (Nanba et . Char acterisation of the enzyme system of
A. tumef acheeprd MW%W%M‘“OS 64 epdphlolaset Erfi- ¢y s Wit ed at hi gh

| evel s onl ysiyedter6BbiboBva\RORIGT SVAY., I1979t)hWhﬂé &‘é@ﬂﬁ&ioﬁ)fofl’hd ijaausiaci | or
hydant oi n. Furt hernore, malfé' rrume jvity in c % grown in conplete
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systens fr radj abacicr (De et al.. 1993), Agrobacteriumsp. IP
12671 (be@r““%ef 0 RRIEfel of 72 T8y

D-selective hydantoin-hydrolysing enzyme systems have been identified in a variety
of bacteria, including a Pseudomonas isolate (lkenaka er al., 1998), Bacillus
20  stearothermophilus (Lee et al., 1996), Bacillus circulons (Luksa ef al., 1997) and
several Agrobacterium strains {(Olivier e al., 1981; Runser et al., 1990; Hartley ef al.,
1998; Nanba er al, 1998). The genes encoding one hydantotnase and three N-
carbamylamino acid amidohydrolase enzymes from the Agrobacterium strains have
been cloned and over-expressed in Escherichia cofi (Durham and Weber, 1995;
25  Buson ef al. 1996; Grifantini ef al., 1998; Nanba e al., 1998). DNA sequence analysis
has revealed a high degree of amino acid homology between N-carbamylamino acid

amidohydrolases from the Agrobacteria (Nanba ef al., 1998).

Characterisation of the enzyme system of A. tumefaciens RU-OR showed that
30 enzymes activity was indu(;ed at high levels only when cells were grown in the
presence of 2-thiouracil or hydantoin. Furthermore, maximum enzyme activity in cells
grown in complete medium-was detected in early stationary phase. (Hartley er al.,
1988). Similar observations have been made for hydantoin-hydrolvsing enzyme

systems from A. radiohacter (Deepa et al., 1993), Agrobacterium sp. IP 1-671 (Meyer
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wth L-selective enzyne systens, such as Arthrobacter crysta/lopoleles

(Mol ler ei at, 1988) An A tanefaciens nutant, with inducer-independent
production of hydant oi nase and NCAAH, has been isolated by Hartley et at.

(1998) andy@ggsSiohd,l ar nutant strain, Arthrohacter sp. DS 5 been
i sol ated by Wagner et a!. (1996). In this invention thew\kgf%%qoggﬁgti tutive"

is to be understood to nean unregul ated expression of enzynmes; the word
"expression” is understood to nean the production' of a protein froma DNA
tenplate via transcription and translation; the word 10 "activity" is

under st ood nea e ili of, the hydant oi.nase and N-car bamyl am no
acid am nor%g?%?ﬁg%*gﬂ}@ﬁ%? Q%%thﬁwp(‘ﬁ”"%‘\é‘ "9%‘3‘191"(‘)?%&‘“? HSIE BBy | ami no

aci ds and Anikrabocracdrgsaliapoiens QaoliteesSa,, 1985PQCH] URleficich:h ewRhS, JRL .
"over-express' to nean |evels of nzyne pr ion in excess of those
under the grzdrﬁr%crénglgpcﬁ] %"B fodrigriop of h&‘?“ it ﬁd%%%e?“a‘??&“ ﬁ‘rl@feaﬁr ase "enzynme
systent' i s Hagleper uhdE198) enila similamolitadeurhiy déntrobaras ap. DSM\eTay gy | am no
aci d amcdo r. Vi LA racenmase enzynes which are capabl e of

5o Ml B 00,

converting ubstituted hydantoins or D- or L- or
D, L- N-carbanoyl am no acids to their corresponding, optically pure D am no

acids. Rec I - e f. - Vier - ion of both h nt oi nase and
NCAAH 20 gﬂ%ﬁg&ﬁry?ﬁ ‘%grldi %g:}sglagﬁeg\xﬁ Fo E%%"S"ES?‘]?"%r té’p%? nsuné?g“%/d% producti on
of i nsol ublkeresgen elerermesarhy wiirdSexpressions isabidbristoyd itoymesl the panetiogxpr essi ng

t he NCAAH i,pdi 5als EBAL 0 e85 e enzymes in F.

col i maﬁ not _bgr?t_ he r?rge?alﬁﬁ{/‘g{e@h@gTﬂ?sﬁéﬁé@%ﬁeg& %L?S&rqg@et gi"irflciéder est in the
use of lRonpicHYUS Hdersteod & meapdhnttilityefbe bydantoiNGaart pradanyiming where t he

mai N probl gd bfinbiaiol8H EY:IRe PG Hy¥iolyYe RAGHS N @ ip%arggn&gimw g&ds%@% I's confined

to stationary growth phasé undef optimm gr owm h condi tions. IS means
that the | &8P 8o 20d yiopversprisWeEt Fisrihpelirasa fiptersskryess’s t meandovstyef ci al

strains reg@ime pRIdatHoNEHYexdc@W: of ThEse BradrNhé QEIHE bRkt i %@89 jnant NCAAH
gene under control of a constitutive pronpter into Agrobacterium 80/44-2A

resul ted i Folgteggpd theaRfiErss “BIEYBY SEtMaliyPibe uaderiteqd ip. inchgle tidantsinatsl ens 1 el at i ng
to genesi caldubariiPahifd Q6ld UnGRMyEEsednd Hylfitoh Vicse SRAMMT Which are
capable of converting D- or L- or D,L-5-monosubstituted hydantoins or D- or L- or

D,L- N-carbamoylamino acids to their corresponding, optically pure D-amino acids.

Recombinant systems for the over-expression of both hydantoinase and NCAAH

20  enzymes in E. coli are known. However, reports of the production of insoluble
aggregates and plasmid instability in cells over-expressing the NCAAH indicate that
heterologous expression of these enzymes in . coli may not be the ideal system. This
has led to renewed interest in the use of homologous hosts for hydantoinase and
NCAAH production, where the main problem is that enzyme activity needs to be

25  induced and is confined to stationary growth phase under optimum growth conditiens.
This means that the levels of enzyme production per unit biomass in commercial
strains remain relatively low. The re-iﬁtroduction of a recoimbinant NCAAH gene
-under control of a constitutive promoter into Agrobacterium 80/44-2A resulted in high
levels of biocatalytic activity.

30
The problems relating to genetically modified organisms and the obvious economic
advantages of industrial strains that are not genectically modified, have led to the
examination of the potential of mutant bacterial strains in the high-level production of

hydantoinase and NCAAH enzymes.



advant ages of industrial strains that are not genetically Lih®Po4 have
led to the exam nation of the potential of nutant bacterial strains in the
hi gh-1evel production of hydantoi nase and NCAAH enzynes. 16 March 2004 WO
01/19982 PCT/ ZAOQ 00173 4 OBJECT OF THE | NVENTI ON An obj ect of the

i nventi on i sol ation of m cro-organi sns abl e const

produce en @Wé@ %hi ch convert racemic mixtures of 5- subs%(ﬁ‘lﬁlt‘ﬁ0 ’gAlﬁildant oi ns
or N carbanyl amino acids to D-ami no acids and thereby, at |east partially,
to alleviate the problens associated with chem cal synthesis of D-am no
aci ds. SUMVARY OF THE | NVENTION 10 I n accordance with the invention there
is provided a biologically pure culture of a nutant strain of
Agrobacteriunt RU OR which constitutively expresses a stereoselective
enzyme syspayechichTiyiNaeENnged i n the enzymatic synthesis of D am no
acids. 15 Further in accordance with the invention there is provided a
biologically pure culture of a glutamne synthesis-deficient

M Cr 0- or gaAh SBjeabbieth€ aREdtioh thvesbmnérpofpfmdmgammzwmmmncény gonvert
racem c_m xtyres of b5- gstltut ed hydant oi ﬁ (m: 20

Fur t her for 8’03 eaﬁc%yé‘?"dﬁﬁ‘t‘ SRR BRE ‘H%‘ﬁﬁslf’g upge @“BP'BWf d

M Cr 0- Or gagdrisiyi aifib atidstoeD-aming adidy anmlti&tebymtuaaed partinilgdo akeviaeaygres whi ch
convert race ids to D-amno acids. 25

Eor rer | ok o e PR Y TS e L boi Ged an i ool ated-and

purified enzyme systemable to convert racem c mxtures of 5-substituted

hydant oi ns i/l further in accordance with the
i nvention MMARY DI oy | ated and purified 30 enzyne system abl e
to convéert racem c m xtures of N-carbanylam no acids to D

In accordance with the invention there is provided a biologically pure culture of a

mutant strain of Agrobacterium RU-OR which constitutively expresses a

stereoselective enzyme system which may be used in the enzymatic synthesis of D-

amino acids.

Is
Further in accordance with the invention there is provided a biologically pure culture
of a glutamine synthesis-deficient micro-organism able constitutively to produce
enzymes which convert racemic mixtures of 5-substituted hydantoins to D-amina
acids.

20

Furthermore in accordance with the invention there are provided micro-organisms
which are able to constitutively produce enzymes which convert racemic mixtures of

N-carbamylamino acids to D-amino acids.

25  Further in accordance with the invention there is provided an isolated and purified
enzyme system able 10 convert racemic mixtures of 5-substituted hydantoins te D-

amino acids.

Still further in accordance with the invention there is provided an isolated and purified
30 enzyme system able to convert racemic mixtures of N-carbamylamino acids to D-

amino acids.

Furthermore in accordance with the invention there is provided a micro-organism for

use in the production of D-amino acids for the production of pharmaceuticals,



am no acids. Furthernore in accordance with the |nvent|on.§ﬂ@% b%HPrOVIded
a mcro-organismfor wuse in the production of D am no aci or t
production of pharnmaceuticals, 16 March 2004 WD 01/ 19952 PCT/ ZA00/ 00173 5
alternatively agrochem cals, further alternatively for use in the
production of D-amno acids for the production of pest|0|des and stil
further aYPEVH3¥ vely for use in the production of D affHEAWEIHE for the
production of feedstock additives. 5 The invention also extends to a growh
medi um to achi eve over-expressed | eyels of hydantoi nase and/ or NCAAH
enzynme activity during optinmum culture conditions. The invention al so

provi des for a N-carbanyl anino acid produced in accordance with the

i nvent i on.altérpatippli agrachemicpls rfursties gltgpragvals useon the Mrdepioaef &L amingr oduced i n

accor dancei i (5rodl E ARG ERYEF ERRRLPILENYCE THEFLGHEES 15 In the

acconpanying Figures: Figure | shows the DNA sequence of the 16S r RNA gene
ofAgrobacﬂ%WWﬂﬁWRﬂpGFPmﬁﬂmFﬁgﬂ?@“@”@ﬁ@ﬂﬁ&ﬁyﬂﬁhﬁﬁmﬁﬁée and N-car bamyl am no
aci d am dohydrol ase activity in AgrobacteriumRU-OR cells during
nid-lo%arlthnlc phase during gromh in 1INNM Figure 3 shows the effect of
car bon and BRiltFBRFIs8 SR B Hﬁ?‘ﬂér{’t‘f‘&i”ﬁh@ea‘%‘ﬁﬁ NE-ERF% Y Pali%o aci d

am dohydr ol &aRindsetdniiot NESAHRNIFHE GEVAE bkt offmith Guifue: cdn&itiénss t hat ammoni a
shock represses enzyne activity in wild-type Agrobacterium RU-OR cells;

Figure 5 shows that RU-ORPNI .cells constitutively express hydantoi nase

enzyne, atae RivEntioh ako bﬂ&&d&)fdl%l\@hﬂb&rﬁﬂmﬁ&i Y&@® pioguded BiCictor@andei@ith O r epr essi on
by anmmoni ym.i n the growt h medium Figure 6 shows that RU-ORPNI cells
constltutl IR0 ess active N-car bamyl ani no

The invention also provides for a D-amino acid produced in accordance with the

invention.

BRIEF DESCRIPTION OF THE FIGURES
15

In the accompanying Figures:
Figure 1 shows the DNA sequence of the 16S rRNA gene of Agrobacterium RU-OR,;

20  Figure 2 shows hydantoinase and N-carbamylamino acid amidohydrolase aetivity in

Agrobacterium RU-OR cells during mid-logarithmic phase during growth in FIMM,;

Figure 3 shows the effect of carbon and nitrogen source on hydantoinase and M-
carbamylamino acid amidohydrolase activities in RU-OR cells;

25
Figure 4 shows that ammonia shock represses enzyme activity in wild-type

Agrobacterium RU-0OR cells;

Figure 5 shows that RU-ORPN1 cells constitutively express hydantoinase enzyme,
30  but that the hydantoinase enzyme is inactive due to repression by ammonium in the

growth medium,

Figure 6 shows that RU-ORPNI1 cells constitutively express active N-carbamylamino

- - acid amidohydrolase enzyme, while the wild type enzyme is repressed;



aci d am dohydrol ase enzyne, while the wild type enzyne is1%ﬁﬁ&§ﬁ§ &4 16
March 2004 WO 01/19982 PCT/ ZA00/ 00173 6 Figure 7 shows that 'hydant ol nase
activity in RUOORPNIF9 cells is not sensitive to ammonia shock; 5 Figure 8
shows the | evels of hydantoinase activity in RUOCRPNIF9 cells during md-
| ogarithmn h phase conpared with the levels in theg w.|d- e RU-OR
and nutgh%”gég N 1, when cells are grown under optingF%%PQW®ﬁﬂ
conditions; Figure 9 shows the | evels of N-carbanylamno acid

am dohydrol ase activity in both 106U ORPNI and RU-ORPNI F9 cells during

m d-l ogarithm c grow h phase conpared with the levels in the wld-type

RU- OR, when cells are grown under optimal growh conditions, and Figure 10
shows the increase in specific hydantoinase activity per unit biomass in
15 RU- ORPNFip§te qedhbws ihat Widahtbiaga ttvitiriic RYrQRUNTFP ralkeis not tdasifeltop
hydroxyphegéLQ§g$q%pin as substrate, as conpared with the specific
hydant oi na8& " #ct¥Vity in the wild-type RU-OR cells and RU-ORPNI cel I's
achieved during stationary phase. 20 DESCRI PTI ON OF ONE EMBODI MENT OF THE
| NVENTI everal Agropacterium strains. ha eported to, have

hydant oﬂ\ll- Kl glsbosvfsﬁée Béegst ‘?etvt}y VFO'%%%CSV'fthE\ézj"QggﬂH?r% %@:‘f”élg i | unef aci ens
47 C, Agr obguaittenic gmwil phasaciompaed edithBld 29dls an cheAgildtyae tREF-DBmandsp. | P 1-671.
Agr obact erj e di : iupsn. | P 1-671 al so have
N—carbanyl%#gkgﬁ’ggfgﬁgﬁﬁ"“gg%ééﬁéﬁﬁgﬁgég&gggﬁ%fq?glx%&fhe pr esent

i nvention, a novel Agrobacterium species (RUOR) was isolated which is

capabl e ofg . A 161 t he cel
raoe has aRroR EbPuR IQUTRE N BlbaEREKRT e Am TS AR H 38R L TURE AnD
Bl OCATAL YTREGORSEA¥nCRNBPRPIONGS oy diviag mid-loganthaejgomvtia pepsRepngReN | cel | s
rown to QN i NOR. whdll J3i i3, At h. are
i ured o BHl 20 o R S
conditions, an

Figure 10 shows the increase in specific hydantoinase activity per unit biomass in

15 RU-ORPNIFS cells in mid-logarithmic growth phase, with D, L-p-
hydroxyphenylhydantoin as substrate, as compared with the specific hydantoinase
activity in the wild-type RU-OR cells and RU-ORPNI cells achieved during
stationary phase.

20
DESCRIPTION OF ONE EMBODIMENT OF THE INVENTION

Several Agrobacterium strains have been reported to have hydantoin-hydrolysing
activity. Among these are Agrobacterium tumefaciens 47 C, Agrobacterium
25  radiobacter B11291 and Agiobacterium sp. IP 1-671. Agrobacterium radivbacter
B11291 and Agrobacterium sp IP 1-671 also have N-carbamylamino acid and
amidohydrolase activity. In the present invention, a nevel Agrobacterium species
(RU-OR) was isolated which is capable of producing 2 number of enzymes in
amounts such that the cell mass has a high activity for the methods described herein.
30
CULTURE AND BIQCATALYTIC ASSAY CONDITIONS

Agrobacterium RU-OR and RU-ORPNI1 cells grown to saturation in- hydantoin

minimal medium (HMM) broth. are diluted to ODggonn = 0.02 in standard minimal



16 March 2004 WO 01/ 19982 PCT/ ZAOCQ 00173 7 medium (MM ( i . 1 Qg
glucose: O Olg CaCl2; 0.02g MsCl2; 60g Na2HPO4, 30g KHWQB@%rcégb?\iﬁo,
0.04g boric acid, 0.04g MhSO4, 0.02g MAND2024-41-120, O Ag I1Cl, 0.0049g
CuS™) supplemented with 1% hydantoin (HW), 0.01% casam no acids (SW),
or (NH4) 29@fo1n69%bN) . Strain RU-ORPNIF9 5 cells are growedmwrabdddiior SVM or
AMM suppl enmented with 0.002% gl utam ne. Enzyne activity in Agrobacierium
RU-OR cell s was induced by growth i n medi um containing 0.1%¢thiouracil.
Cells are harvested at 0D5(r),,,,, = 0.5 - 0.8, pelleted by
centrifugation, washed in 0.1 M P04 buffer pH 8.0 and resuspended in

hydant oi n @{edmrh#@mmwhgdequee1®ce§mds@nobufgf encat oa)zglmgthha@r ated bi omass
concentration_of 20 10 ng)/m (reactl on buffer: either 1V h dantoin or 25

mM N- car bamfiQc e K 608 S8 B4 Rif4se PO 26id0)0- 04HyM§‘%Pb| activity is
measur ed aW@OmmgotUlﬁlg &0 NE 03k F @UISIOQN suppleldeiad b&nylegllwame. (prml Im)

ol une o { G0 Siop sibgh S é%f%*“ o e R oy dr of ace

activity i sclsmasgoed xmmﬂhe)rmmemmmlsoppmﬁenﬂfﬁ Wity@ 002 ghmbingl ) pr oduced

from259 |/m carb cin reaction volune. after
shaki ng, '\# "R ?ef‘ﬁﬁ/#&f %i wﬁM n%&'mRu CRPNI F9 20
Soi | sarrpl e@nteﬁmumﬂ ﬂ?ﬁethﬁa&bwr@limmammdrmr@m&mw&—l e cueliaddeldy | nt o

Shciz; o oo, el BTN 08 oAES e e Bperk R B on 01 i o

0. 049 I\/hSOlV @rbmgglycﬁm-h&)aﬁwbzmﬂ‘et 34H2E1hal Gydktgd Klomats. GRG@IBAE, 201% hydant oi n)

and i ngyba a r | dilutions
wer e plclgt eh‘gﬁgnrllt(%%ﬁ/lvﬁgﬂa%ﬁhgﬁ% Jﬂ@ t}y ﬁaé}lbquglr?js f“ﬁ }vggargé\@{s’lglg?é ‘é&q Resul ti ng
col oni es, WhiP&m tuffeq |p§e§ OhyUpdantoingss aghivity solmeasurgilt ssodiensusoef the, wer e

pur i1 ed_DYor&sraidrCBl 0o QoM BRI an nfgﬂ,lcﬂ%eetgméﬁ,m%{bﬁu 8m €xam ned for

the presence o antoln and "N- carba acid ohydr ol ase

activity us{ ﬁgmvréébqugw@emla bing craacaony voheme aeryG b, Fhakingy A0y pE
Agr obact er bdr'fmn?ﬂmﬁlt)r é’c!ld" aBH‘o oléé@'a@tnltw IR Eyﬁecoﬂcusrﬂla@éneéf Was

identified 30 throu determ nation o ts 16S rRNA gene sequence (shown in
Fi gurell) glucine (pmol/ml) produced from 25 pmol/ml N-carbamylglycine in a 5 ml reaction

volume after 6 h, shaking, at 40°C.

ISOLATION OF AGROBACTERIUM RU-OR, RU-QRPN1 and RU-ORPN1F9

20  Soil samples from the Eastern Cape environment were inoculated into hydantoin
minimal medium (HMM]) broth (per litre: 10g glucose; 0.011g CaCl;; 0.02g MgCly;
. 60g Na;HPOs, 30g KH, POs, 5g NaCl, 0.04g boric acid, 0.04g MnSOs 0.02g ..
(NH4)sMoz024.4H,0, 0.01g K1, 0.004g CuSQs, 1% hydantoin) and incubated, shaking
at 25°C for 24 hours, after which serial dilutions were plated onto HMM agar and
25 incubated for 5 days at 25°C. Resulting colonies, which utilised hydantoins as a sole
nitrogen source, were purified by re-streaking onto HMM agar. Isolated strains were
examined for the presence of hydantoinase and MN-carbamylamino acid
amidohydrolase activity using resting cell biocatalytic assays. The wild-type
Agrobacterium sp strain VRU-OK which was among these. isolates, was identified
30 through determination of its 165 rRNA gene sequence (shown in Figure 1) as
described in Hartley er af. (1998).

Mutant RU-ORPN1 was selected as follows: Agrobacterium RU-OR cells were

cultured in HMM broth to mid-log phase and then subjected to mutagenesis using



described in Hartley eta!. (1998). Mitant RU-ORPNI was seLﬁﬁﬁg Riollomsz
Agrobacterium RU-OR cells were cultured in HWM broth to 0g phase and

t hen subjected to nmutagenesis using 16 March 2004 WO 01/ 19982

PCT/ ZAOQ 00173 8 et hyl net hane sul fonate (EMS) according to the method
descri bed whoiobger (1992). Mitated cells were pl ated optgzAdeagar

suppl enmented with 0.1% (NH4)2SO4 and 0. 1% 5-fluorouracil. Strain RU ORPN
was isolated fromthese plates and eval uated under standard culture and
assay conditions for enzyme activity$in the absence of 5 inducer. Strain
RU- ORPNI F9 was isol ated by nmutageni zing RU-ORPNI cells as described above
and after | Cl cells were
pl at ed ont (Qiﬁ'&mhlam Rﬂfgﬁgté @@%C%gﬁ gjhu%‘a%%g@; %ﬁ%ﬁlﬁﬂgﬂm t)I\%fbrmt ants were
sel ect ed byMutgtd eells p*reea plmgd oaro i agiat ﬁwtemswbwhé’nlt/mﬂ%ﬂz% A gl ut ani ne.

10 CLUTAM oSS NESGIASE SASATSDRITOH Bhe bita LRGN YR LAPEARERE Vi LY was

measured using the X l uta transferase assay | s were prepared by
treat ment whdeh senéardcelary po ﬁﬁsw%l%m%lewm%%‘fmde thopbsange ©f nut es bef or e

har vestisng;nglhie C&lHinS RICHEPNIFe valaed byvhfafeWididy RO- @pw phosphat e buf fer

pH 9.0 before being suspended in 50 tines |ess vqu res spensi on
buf fer, andesEsayaberece ofei megcitits ew@%tf?fd&ﬂef""es?ﬂfé eﬂb&ﬂ)%ﬂ °€4977) .

Protein comwﬁatea lofid MR dﬁ eﬁmeﬂeﬁ&edwﬂmom blofimire. BF/adiotsts ( 1976) .
Activity is ﬁressed as ?§ﬂ§ ]glut %ﬂ q%ﬁnate generated per
m nute per WS4 SEEgGrOM reiraR ’i'?nto "‘b‘é? “QH PR YEATSf the gl ut ami ne

synt het ase enzyne subunlts was 20 neasured using the nmet hod of Magasani k et

al. (1995), ) transferase in the presence and
absencdVof G 3228 ons inhibit the activity of

adenyl at ed enzyne subunlts and the difference can then=be used to,
calculate rcenta adenyl.ati on _of the tanl nt het ase enzyne. 25
REGULAT] ON ﬁﬁ‘ﬁﬂ}kffdyﬂ& © NI N CHRHPRES V1 %3 k@déﬁ[ﬁg‘“‘ gé%"saeﬁ ® NCAAH

activitiesassay A Céllunﬁeéraqarqja&dwmtmaitI\sxttc(ﬂlﬂl% betyl-tdetbgsmmoguhy in early
statl onar yBE ha efo(I;i gu :,t?lﬁlg?si%e?ore ‘ﬁarvesl’I e, THa c%ll Qfgltﬁén gghgﬂancc % I um

(nutrient enzy acti ependent upon growth
15 0.1M phosphate buffer pH 9.0 before bemg suspended in 50 times Iess volume of

resuspension buffer, and assayed according to the method of Bender ef al. (1977).
Protein concentration was determined by the method of Bradford (1976). Activity is
expressed as pmoles of y-glutamyl hydroxamate generated per minute per milligram
protein. The percentage adenylation of the glutamine synthetase enzyme subunits was
20 measured using the method of Magasanik ez al. (1995), which compares y-glutamyl
transferase in the presence and absence of magnesium ions. Magnesium ions inhibit
the activity of adenylated enzyme subunits and the difference can thensbe used to

calculate the percentage adenylation of the glutamine synthetase enzyme,

25 REGULATION OF HYDANTOINASE AND NCAAH ACTIVITY

Hydantoinase and NCAAH activities in A. tumefaciens RU-OR cells could be
detected only in early stationary phase during batch culture in a complete growth
medium (nutrient broth). Furthermore, enzyme activity was dependent upon growth
30 in the presence of the .hydantoin—a-nalogue 2-thiouracil. The nutritional factors
responsible for regulatfng enzyme activity were identified by establishing standard
culture conditions under which enzyme activity was not limited to stationary phase.
Hydantoinase and NCAAH activities were measured during growth of RU-OR cells in

a chemically defined minimal medium containing hydantoin and glucose as sole



30 in the presence of the hydantoin-anal ogue 2-thiouracil .zl cﬁ%ﬁiti onal
factors responsible for regulating enzyne activity were ig Ified by
establishing standard culture conditions under which enzyne activity was
not limted to stationary phase. Hydantoi nase and NCAAH activities were
measur ed Wohi/@sOrowh of RUUOR cells in a chem cally aeefrrzaesiooyni nal

medi um cont ai ni ng hydantoin and gl ucose as sole 16 March 2004 WD 01/ 19982
PCT/ ZA0O/ 00173 9 nitrogen and carbon sources, respectively (Mplus 0.1 %
hydantoin). Activity of both enzym#s was |ow in early exponential phase
and after the cells reached stationary phase, with highest activity
detected durin 1d to |late ex i Ri 2) a0 dn _all
subsequent"‘%?ﬁ%g fqanﬁar{%osn, so@ﬁ%syrrr%s'ggcgi? ‘l%i(ﬁdegmagﬁeﬁyg%&%)heﬁéﬁﬁy 8€I l's

har vest ed baturenzygesti whs elepome priyabxpohease phiasOBaDBfter Giescells peghedThe ef f ect of
di fferent gaLRAD ARG it fOIENCAAL AESURARHIPRUAL BeiNeil ko 10 ‘enzyme
activity was de Erm ne y exam ni ng grow h-rate and assayi ng for

bi ocat al yt{Feued®i vity at ni d-exponential growh phase. Cells were grown in
m ni mal . nmedi um contai ning either glucose or glycerol as carbon source and
hydantoin as nitrogen source. The growth-rate of RU-OR cells was not

signi ficangly ﬁ%;e%pg(ppr\fmen?sﬂ ERSMcCRENAR WU LeEifel M EIsPanasiel t here was
also little difference in hydantoi nase and 15 NCAAH activity (Table 1).
Tabl e 1. Hjudasvsh-aperraidPirss HEP et TUPt93in RUU-OR cells grown with different
carbon and nitrogen sources. Carbon SourceN trogen SourceHydant oi nase
Activity NCAAH Activity (pmUm ) (pnol/m) 1% gl ucosel % hxd nt oi n4. 87

0. 4005. 77 Thy, ooy of ghflpeest GrrPom,aRY PAFREGR (Fwiees URPISHHansein-lyorRlysin,, o' cose0. 1%
(NH4) 284 Lendind Biviid- O8s Qetfiniddd PyUeosehing %growhirnedandOQssafidg 40r 0. 56*

biocatalytic activity at mid-exponential growth phase. Cells were grown in mimmal
medium containing either glucose or glycerol as carbon source and hydantoin as
nitrogen source. The growth-rate of RU-OR cells was not significantly affected by
either carbon source (Figure 3) and there was also little difference in hydantoinase and

15 NCAAH activity (Table 1).

Table 1. Hydantoin-hydrolysing activity in RU-OR cells grown with different
carbon and nitrogen sources,

Carbon Source Nitrogen Source Hydantoinase Activity NCAAH Activity

~ (pmol/mi) (pmol/mf)
1% glucose 1 % hydantoin 4.87 £0.400 577 +£0.55
1% glycerol 1% hy&antoin 3.97+£0.58 5.85 £0.58
1% glucose 0.1% (NH4);504 1.15£02 1,09 +0.16
1% glucose 0.1% serine 4,70+026 3.70 +0.56*
1% glucose 0.01% CAA 10.87£043 8.68 £0.61

+ - SEM (n = 3). * Measured as the amount of glycine generated from hydantoin as

20  substrate. CAA - casamino acids.

In contrast, the growth rate of RU-OR cells appeared to be dramatically affected by
the choice of nitrogen source. Hydantoin was the most growth-rate-limiting while
0.1% (NH.);SO4 and 0.1% serine were the least growth-rate limiting sources of
25 ‘nitrogen (Figure 3). Cells in medium containing 0.01% casamino acids, grew at an

intermediate rate. The highest enzyme activity was detected in cells growing in



1% gl ucose0. 01% CAA10.87 f 0.438.68 0.61t - SEM (n = 3).4a" d as
t he anbunt of glycine generated from hydantoin as 20 subs1t6r“g%@&§% -
casam no acids. In contrast, the growh rate of RU-OR cells appeared to be
dramatically affected by the choice of nitrogen source. Hydantoin was the
nost gro - slimting while 0.1% (NH4)2SO4 and 0. 19 i re the

| east gr%ﬁ-q?%?ze limting sources of 25 'nitrogen (Fi gu{Qre 3)0§}®C1:)(/33FI sin
medi um contai ning 0.01% casanm no acids, grew at an internediate rate. The
hi ghest enzyne activity was detectedoin cells growing in 16 March 2004 WO
01/19982 PCT/ ZAOO' 00173 10 0.01% casam no acids and the |owest in
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snowea 1 n Yy . or cells
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2- t hi our achydafiéina® AidaNGASH le}tivitWithégen BPrepsionit es, the hydant oi nase activity
had dropped three-fold, and a corresponding two-fold drop in NCAAH

activity was observed (Figure 4). 10 When induced cells were resuspended
and gr own inducRUGORt@iin{gngyit eSiMuplay il ¥ighiogyril) hedraseuspaidediandr |

D, L- et hi oni ne D, |z syl M. : h wa Yad i g ffop in both
hydant oi na8€"and W@;&;ﬁé;%@ﬁaé@%@%ﬁ g}{o%); isﬁléﬁi[éaf[% nrglh%t%ét the loss of
hydant oi nabyamoichst@ARity ded dvopped threeRiH,GRd @edorrespafidiey temfadrhilap ghock is 15

dependent | ut-am activity. Induced cells were subjected
to ammoni gegﬁg%ﬁt%tg@aggbs%%%{tg%?éﬁfter whi ch they were washed and
resuspéhded in SMM plus thiouracil and grown for a further 60 m nutes

pefore ass@ldfal Rl (ARAVRP resplldth i o bW ANAOM BRaiAR uCAiRE! | VLY
returned to [evels o servede efore amonia shock suggesting that the
ammoni a shewotoetadef iplibitaro B letmpdionisy & e foxigiediMSTn thae tve vayslitce of

(NH4) 2S04. dr-gg %cjﬁ?ﬁydaﬁtgin§seqa& {dadi cal RS (Efpate HyHaRhiRNAS e s
of hydantoinase and NCAAH activity in RU-OR cells after ammonia shock is

15 dependent upon glutamine synthetase activity. Induced cells were subjected to
ammonia shock for 30 minutes, after which they were washed and resuspended in

SMM plus thiouracil and grown for a further 60 minutes before assaying for enzyme

activity. Hydantoinase and NCAAH activity returned to levels observed before

ammonia shock suggesting that the ammonia shock effect could be reversed rapidly in

20  the absence of (NHs),SOs.  Together, this data indicates that hydantoinase and
NCAAH activity in wild-type Agrobacterium RU-OR is dependent upon the presence.

of a) inducer and b) the nitrogen source in the grawth medium.

CHARACTERIZATION OF MUTANT STRAINS.

25
Inducer-independent hydantoinase and N-carbamylamino acid amidohydrolase,

activity was assessed by measuring enzyme activity in celis grown in SMM without 2-
thiouracil. =~ RU-ORPN1 cells showed a significant (three-fold) increase in
hydantoinase activity and NCAAH activity was equivalent to induced levels in

30  Agrobacterium RU-OR cells.



NCAAH activity in wild-type Agobacterium RU-OR i s dependenl% M&gﬁzobﬁe
presence of a) inducer and b) the nitrogen source in the grow h nedi
CHARACTERI ZATI ON OF MUTANT STRAINS. 25 | nducer-independent hydant oi nase and
N- car banyl ami no aci d am dohydrol ase, activity was assessed by neasuring
enzyne ac{fvio‘ﬁilﬁ%ési n cells grown in SMMw thout 2- thiourggilaefRldifaRPNL cell's
showed a signiticant (three-fold) increase in hydantoinase activity and
NCAAH activity was equivalent to induced levels in 30 Agrobacterium RU- OR
cells. 16 March 2004 WO 01/19982 PCIV ZA00O/ 00173 I Table 2.

Hydant oi n- hydrol ysing activity of nutant RU OR strains HYDANTO NASE NCAAH
St rai nN-car banyl gl ycine plus glycine @ycine (pmUm)(gnol/m) no

I nducer 2-t hi ouraci |l no i nducer2-thiouracil RU OR

(wt)1.980.657.510.372,620. 1511 740. 80. RU. ORPN _80..78nd8. 040. 35nd - SEM
(n = 3). ntfblefot d Y‘?e*}“r‘r‘l'h'i,'a‘.}r“%"h%ﬁ%\féﬂhl"fE‘@l"?“;‘%‘cj?r@gﬁzﬁaﬁ‘gm ni mal_medi um wi t h
(NI -14) 2S&h4indS NI trogen source had.. repressed | evel s of hydant oi nase
activity, as observed in thaYRANTRINGEE RU-OR cells NFAdlre 5), but, in
contrast to the RU-OR, NGAAHmagdinsiphiy givainkRU- ORPNI  cel |@yomas el evated to

w | d-type, induced |evels (Figur . After growth i or 60 10
m nut es, hydant oi nase activit “Tcﬁmﬁ%t ant RU- ORPNI celrt g% overed to levels
normal |y observed in Tnddeadcew | d- tveusell | s ( sednduabl e 2) 2+tirukeeilt her e was

no increase _in hydantoi nase activi in the wi)]d-type Agr i um RU- OR
celI's aft BUGR&WPHh in MO $hus, uiﬁ@e’?t he W‘Jngtt%Qge thgpf}r‘u%{)gé\t strain
expr esses rpophpiy dant oi nasgep and nd 8.0410.35 od

+- SEM (n = 3). nd — not determined.

RU-ORPN1 cells grown in minimal medium with (NH4);SOs as nitrogen source had
repressed levels of hydantoinase activity, as observed in the wild-type, RU-OR cells
(Figure 5), but, in contrast to the RU-OR, NCAAH activity in RU-ORPN1 cells was
elevated to wild-type, induced levels (Figure 6).  After growth in SMM for 60
10  minutes, hydantoinase activity in mutant RU-ORPN1 cells recovered to levels
normally observed in induced wild-type cells (see table 2) while there was no increase
in hydantoinase activity in the wild-type Agrobacterium RU-OR cells after growth in
SMM. Thus, unlike the wild-type, the mutant strain expresses both hydantoinase and
N-carbamylamino acid amidohydrolase enzymes even under nitrogen repression

15  conditions, but the hydantoinase enzyme is inactive in the presence of (NH4)2804,

Inhibition of glutamine synthesis reduces the sensitivity of hydantoinase activity to
ammonia shock in RU-OR cells (Figure 4). Therefore, the gl auxotrophic mutant
RU-ORPN1F9 was subjected to ammonia shock and hydantoinase activity in the
20  auxotrophic mutant. Figure 7 shows that hydantoinase activity in mutant RU-
ORPN1F9 is no longer sensitive to ammonia shock as compared to that of the wild-

type Agrobacterium RU-OR and mutant RU-ORPNI.

Glutamine synthetase assays of all three strains before and after ammonia shock
25 showed that glutamine synthesis was reduced by 60% in RU-ORPNIFY? when
- compared to that in Agrobacierium RU-OR and RU-ORPNI cells. Thus a reduction
in glutamine synthesis when RU-ORPN1F9 cells are grown in (NF;)250., results in

insensitivity of hydantoinase activity to ammonia shock.



N- car banyl am no aci d am dohydrol ase enzynes even under ni t‘[tﬁﬂgr% r2%8£e55| on
€

15 conditions, but the hydant oi nase enzynme is inactive in presence of
(NH4) 2sO4. | nhi bi tion of gl utam ne synthesis reduces the sensitivity of
hydant oi nase activity to ammonia shock in RUCR cells (Figure 4).

Ther ef or e,wobeigf2 auxotrophic nutant RU ORPNI F9 was sup¢pzimgoei?@a amoni a
shock and hydantoi nase activity in the 20 auxotrophic nutant. Figure 7
shows that hydantoi nase activity in nutant RU- ORPNIF9 is no | onger
sensitive to amoni a shock as conmpar®d to that of ‘the wild- type
Agrobacterium RU-OR and mutant RU-ORPN 1. d utam ne synt hetase assays of.
all three strains before and after ammoni a shock 25 showed that gl utam ne
synt hesi s was reduced by 60% i n RU- CRPNI F9 vvhen co ared to that in

Agr obact eri NAS e, IVATY N REGULS YEUTANTY| ut ani ne
synt hesi s WI\%JG ﬁgm R, 5s@ © grown in (NH4)ZSO4 results in °

i nsensi ti w‘[‘TT‘ﬁWﬁ[‘o%ﬁ%ﬁ%w ty to ammoni a shock. 16 March 2004 WO
01/19982 PCT/ ZAOO 00173 12 HYDANTO NASE AND NCAAH ACTIVITY I N REGULATORY
MUTANTS 5 Diqigl, NGl GHREMEH nls (ATt iy of @H}@myﬁlampommmn& WEAAH activity
of RU-CRPN 1 and RU-ORPNIF9 cells were asse durin batcp culture in
SMil and copsHebduine pridnaie BOMN 4 BmPER q“@’"i‘*y%@“ﬂg? oB&ct eri um
RU- OR gr 0WRyiidRygel Ve sm03RritvR GILLIOR gsmpinaneaarmnwlanh sdppldnfehed madizk . 10

Hydant oi nase activity in nutant strain RU-ORPNL followed the sane trend as
inthe wi I'Ho‘tr%‘e Agrobacteriuntr RU-OR (Figure 8), but high levels of
activity were detected in exponential growh phase in RU CRPNI F9 cells.
NCAAH activyjties in strains F9 wer hest in
exponenti alfYgrtoipase ALy "a‘ﬁ‘&a‘itﬁ'(—rz@éﬁwl'%%ﬁé Oé{égﬁawgdarﬁ%??'ﬁ ’?3& onary
phase. RU- mﬂ’hﬂﬂe%@&%ﬂe&mﬂw @R €Elgurh ), fbugthgs]tevelﬁof(}mbm& IvJere detected

hydant oi n- h droI ZI n tivit ur.i n onent| al
growth ph 5tf‘ilaeé’)£\fjr@%d(y hatgtAh%eac B eno NYpe does not
have a del GBtUsORBNs anemwmn@mdng/ﬂighdsommpmemal gl@Mli—lplpmmsidmsgn in this
strain. Stgal ”ffg %}gltéﬁggi;{ iy ﬁh S e (ﬁﬁll\el%becgllsf hielddS € HidnGd €N

conver si on l%/]els
15 overall hydantom -hydrolyzing activity of all three strams during exponential growth

phase (Figures 8 and 9) indicating that the gin” phenotype does not have a deleterious
effect upon hydantoinase or NCAAH production in this strain. Strain Agrobacterium
RU-OR was selected for its efficient conversion of D,L-p-hydroxyphenythydantoin to
D-p-hydroxyphenylglycine, High levels of D,L-p-hydroxyphenylhydantoin-
20 hydrolysis were also achieved. The highest D,L-p-hydroxyphenylhydantoin
conversion by the wild-type Agrobacterium RU-OR and RU-ORPNI1 cells was
detected during stationary growth phase. In strain RU-ORPN1F9 both hydantoinase
and NCAAH activity during exponential growth phase exceeded that detected in
either Agrobacterium RU-OR or RU-ORPNI1 cells Up to 45 % of D,L-p-
25  hydroxyphenylhydantein was converted 1o either - N-carbamyl-p-
| hydroxyphenylglycine or D-p-hydroxyphenylglycine by RU-ORPNI1F9 cells within
six hours. RU-ORPNIF9 cells produced approximately 6 pmoles/ml D-p-
hydroxyphenylglycine after six hours, which corresponds to 25 % cenversion of D,L-
p-hydroxyphenylhydantoin.
30
Figure 10 (A - C) depicts the specific hydantoinase activity per milligram dry cell
mass with D,L-p-hydroxyphenylhydantoin as substrate. Strain RU-ORPN1 shows an
overall increase of 50% in hydantoinase activity compared with wild-type

Agrobacterium RU-OR.  Mutant RU-ORPNIFS showed the highest specific



D- p- hydr oxyphenyl gl yci ne. High | evels of D, L-p-hydr oxyphe% &m%ggbg n 20
hydrol ysis were al so achi eved. The hi ghest D, L-p-hydroxyphenyl'hydant oi n

conversion by the wild-type Agrobacterium RU-OR and RU-ORPNI cells was
detected during stationary growth phase. In strain RU-ORPNI F9 both

hydant oi nggfpinddged NCAAH activity during exponential growdizhasarexceeded
that detected in either AgrobacteriumRU-OR or RU-ORPNI cells Up to 45 %
of D, L-p 25 hydroxyphenyl hydantoi n was converted to either N-carbanyl-p-
hydr oxyphenyl gl yci ne or D p-hydroxyphenyl gl yci ne by R-ORPNIF9 cells
within six hours. RU-ORPNIF9 cells produced approximately 6 pnoles/m D p-

hydr oxyphe | yci ne after..siXx r & ; t 94259 conver si on
of D, L- p- ﬁgﬂ(ﬁ&&?ﬁﬁh3?%9’1%y‘331nta0i3ﬁ&%33nq:¥%8%e licg&%iso?lgﬂéﬁﬁ%e‘&l%?ge@t he specific
hydant oi naggroaatdrizint RUSEY ami tbiagr AthGREN Icwbilectivelys sMaittipportant, the

D, L-p- hydr %XM&P%Q%@V AiGhile aascﬁamy A€ - bigthds@ whs RbbsRBA in SROWS an

overal |l increase”orf 50% 1 n hydant ase activity conpared with wild-type
Agr obact er ORRNRES Gits dving and-loRuitiorPRIaeah gikretvD 16 haitsh vemesst 08p@ET f i ¢ 16 March
2004 WO, 01/ T/ ] N et ido-nh@ 300% and
200% i n(5:r egﬁgéée&ggﬁéé\?ﬁ%’g@%ggk 3"‘&‘3?‘%%2’?? grl ?Sl?n %ﬁ%\gegyyng%rrﬂ&p ant RU ORPN1
respect i vebame giygh phasport ant, the hi ghest specific hydantoi nase activity
per unit biomass was observed in RU- ORPNIF9 cells during md-logarithmc
growt h phase (0.015 units) versus 0.002 units 5 and 0.003 units of activity
in RUOOR and RU-ORPNI cells, respectively, during the same growth phase.
16 March 2004 CLAIMS 1. A biologically pure culture .of a nmutant strain of
an Agrobacl eriwn sp. which constitutively expresses a stereosel ective
enzynme systemfor use in the 5 enzymatic synthesis of A-am no acids, 2. The
Agr obaere7lwn sp. as clainmed in claiml| which is glutam no-deficiently




abl e constltutlvely to produce enzymes which convert racen{ H%fbﬂies of
5- substituted hydantoins to D -am no acids. 3. The Agrobacterlun1sp
"clainmed. in either claim1 or 2 able constitutively to 10 produce enzynes
whi ch convert racentic nixtures of N-carbanylanm no acids to D-amino acids.
4 The Agrabacteriumsp. 'as clalned in any .one of clains 1 to 3 which is
i ndi sti ngui shabl e fron1Agrohacteruun1By-CR based on its 16S r RNA gene
sequence. | 15 5. Use of the Agrobactertum sp_ as clainmed in any .one of
clains 1 to 4 in the production pf a chem cal selected fromthe group -
consi sti ngrgfmiphar maceuti cal s, agrochenicals, pesticides and feedstock
additives, 6. An isolated and purjfied enzyme systemable to convert"
racem ¢ m xtures of 5- substituted hydantoins to D-am no aci ds where the
enzyme system A%xbﬁigﬁ@llfq;uraaﬂawopmmuftmdtrammfmnmm'ob@mmmtser wiiabap as
claimed in any one of

[ ains 1.to0 4 [ yme
system abl e t o"SHHET l"er SCRERTLS rﬁ)?feﬁ‘?(’égleﬁve %@%&%%P%m% ufgiﬁgls%%
D-am np acids Wﬁ&h@ﬁﬁgfﬂﬂ)&ﬁﬁh@ﬂ&ﬁ& i sol ated amd purified fromthe

Agr obact ert y d.in i g,@chlmtg,m,ﬂ,m @m r owt h
g %B‘ﬁ ‘?‘ﬁ’é’%prggﬁctslf’oasa S Jlaife £ d-de H0

medi um for . n of the JgroS5acterlum sp. s}; din
any. .one of cl dmlmohstmwlygipﬂildmms H@éﬁhﬁﬁ“é@’ﬁré"ra& 8 for

use under fernment hieve over |ncpressed Ievels of
t he enzyne sysf' #@@@Yq&ﬁ@gt@m n e| hér claim6 or 7.

N- car bany| am. ndhadigebfuriztumes. laﬂclamlrldaﬂmbér olpiom Liogs 2 q%emsmimlﬂtf
AD-amo. act d profbeettylles RGP ESRARA Gallidib ,amwwapmdaﬂﬁmﬁm acids

to D-amino amds » ;
4. The Agraﬁacrenum sp. as 'claimed in any one of claims 1 to 3 which is

mdmnngulshable from Agrobacferrr:m RU-OR based on its 165 rRNA gene -

' sequencc . {

15 5. Use of the Agrobacterium sp as claimed in any one of claims 1 to 4 in the

" production of a chemxcal sefected from thc group consisting of
pharmaceuricals, agmchc:m:pals, pesticides and feedstock additives.
6. Anisolared and purified ;m‘z;}une system able to convert rac:;mic mixtures of 5-
_ ' éubsﬁhated,hydantoins toD-ammo acids where the enzyme system is isolated
20 and purified from the Agrpéqczéﬂum sp. as claimed i any one of clai:ds_-l to
4, ; ‘ "
| .7. An 1solated and purified enzyme systam able to convart racermc mixtures of
N—ca.rbamylamum acids ta D~ammn acids where the enzyme system is igolated
| end p_uriﬂ_ed from the Agrobiacrerium sp. s claimed in any ,on_e of clmms 1w
25 .4 - i i ) |
8. A growth medium for use id the productlon of the @abacteﬂum sp. as "
. claimed in any. one of claxms 1to4.
9. The growth medium as cizimed in claim 8 for use under fermentation.
conditions o achieve over-cxpressed levels of the enzyme system as claimed
30  ineitherclaim6or7. o ' :
| 10. A N-carbamylamino zcid produced in accordance w1th the invention.
. 11. A D-amino acid produced in accordance with the mvcngom
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