WD 01/ 19982 PCT/ ZAOQ 00173 5 NOVEL M CRO- ORGANI SMS. THEI R USE AND METHOD
FOR 10 PRODUCI NG D-AM NO ACI DS FI ELD OF THE | NVENTI ON The i nventi on
relates t icro-organisnms and their use in the pro i D 15
am no aci 3!’5%¥’§4’55;ru cular, mcro-organisns suitable for ?ﬁg%?@c?%ti on of
D-amino acids from correspondi ng hydantoi ns or N-carbanoyl am no aci ds.
These novel mcro-organisns are sinple to cultivate and make possi bl e high
D:amino acids yields fromdifferent substrates. 20 BACKGROUND OF THE

| NVENTI ON The inportance of optically pure amno acids is primarily due to
the use of D-amno acids, e.g. D p-hydroxyphenylglycine, as side chains in
sem -synthetic penicillins and cephal osporins (Syldatk el al, 1990).
Optically pure am no acids al so have 25 applications in the . production of

ot her pharnmaceuticals 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-
substitu?ed hydantoins have been used as starting materials for the

chem cal synthesis of D-amno acids. This process is cunbersone and
inefficient since chem cal 30 synthesis results in an equinolar m xture of
D and L-amno acids requiring racemate resolution to obtain optically

pure D-amino acids (Syldatk et a!., 1990). An alternative to chem cal
synthesis is the use of Z Li i nt.0j o their
respective amn f I N AHE LN JE% '5;?.0?3 conver si ons

have majjgr advantages: thePRODUCINGISAMINGAEIBRS er eosel ective and mld

reaction conditions WO 01/19982 PCT/ ZA00100173 2 result in a cheap

i ndustrial process with environnentally benign by-products and effluents

( Sant ani el | gIELD QF. THRINPENTION bi ocat al ytic conversion of D, L p-

hydr oxyphenyl hydant oi n to D- p- hydr oxyphenyl gl yci ne has been |isted as one

of the main biocatalytic processes in the world narket (Polastro, 1989).
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 acids is primarily due to the use of D-amino
acids, e.g. D-p-hydroxyphenylglycine, as side chains in semi-synthetic penicillins and
cephalosporins (Syldatk es af/, 1990). Optically pure amino acids also 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 animal feedstock (Polastro, 1989). Conventionally, D, L-5-
substituted hydantoins have been used as starting materials for the chemical synthesis
of D-amino acids. 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 ef 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



5 The bi ocatal ytic conversion of hydantoins to their correspondi ng am no
acids is catalysed by two enzynes: first, an hydantoi nase catal yses the

ri ng- opeswog/19¥sgdr ol ysi s of the 5-substituted hydant oi nPCYzZaesadimse an
N-carbanylamino acid in. a reversible reaction. Cassified as cyclic

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

non- st ereosel ective. In the second feaction, the N- car banyl am no acid is.
converted to its corresponding am no acid either chemcally, or through the

act’ on of By SPERACRENIRL e TRl BARShATIAY iof OISR o a5

(E.C.3.5.1 IS usually stereosel ective. vieri et al., 1979).
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‘Pseudononas isolate (lkenaka et al., 1998), Bacill.us 20 stearothernophilus
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- ._Agr obacteria (Nanba et al 998 ar, nzyme system of
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. "SI M l'as ohel Vda;hvemsusesuhsuhmn hydadkoin§ ot ﬁ’ﬁdmeslmdlhg drbahgngpmgs enzyme

, systens fp et al., 1993), Agrobacteriumsp. IP "
1-671° (Me s%%if%gg@ l ;@i 00173 & Runser 1993) and those -of ot her
bact eria wWwth L=selective enzyrre systens, such as
- D-selective hydantoin-hydrolysing enzyme systems have been identified in a variety :
of bacteria, including a Pseudomonas isolate (lkenaka et al., 1998), Bacillus .
20  stearothermophilus (Lee et al., 1996), Bacillus circulans (Luk$a et al., 1997) and -
several Agrobacterium strains (Olivieri et al., 1981; Runser et al., 1990; Hartley ef al.,
1998; Nanba et al., 1998). The genes encoding one hydantoinase and three N-
carbamylamino acid amidohydrolase enzymes from the Agrobacterium strains have
been cloned and over-expressed in Escherichia coli (Durham and Weber, 1995;
25  Buson et al. 1996; Grifantini et al., 1998; Nanba ez al., 1998). DNA sequence analysis

has revealed a high degree of amino acid homology between N-carbamylamino acid

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

Characterisation of the enzyme system of A. tumefaciens RU-OR showed that
30 enzymes activity was indueed 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 et al.,
1988). Similar observations have been made for hydantoin-hydrolysing enzyme

systems from A. radiobacter (Deepa et al., 1993), Agrobacterium sp. IP 1-671 (Meyer



Arthrobacter crystallopoietes (Mller et al., 1988) An A .lunefaciens
mutant, with inducer-independent production of hydantoi nase and NCAAH, has

been isol agefl Ry, Hartl ey et al. (1998) and a simlar nut geizabse
Art hr obact er sp. f)SM 9771, has 5 been isolated by Wagner et al. (1996). In

this invention the word "constitutive" is to be understood to nean
unregul ated expression of enzynes; tBe word "expression” is understood to
mean the production of a protein froma DNA tenplate via transcription and

transl ation; the rd. 10 'acti.vity" is understood to nean the ability of
e hydant oftRasera SNEAREE of Pie et i EEerB st e Sier SURBL o
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hydant oi pase, 15, N-carbanyl am ci d am dohydrol ase and hydantoi n racenase
enzynes a/ni S??"ésr"@tedg’ﬁégﬁ?f’n%ezm @gﬂ erting D or L- or D,L-5-nonosubstituted
hydantoins or D or L- or D, L- N-carbanmoylam no acids to their

correspondi .opticall ure. D-am.ng acids. .R | nan e for the
over - expr esE‘?HW’ E‘P"""%S? ﬁ'y%glafént%?‘ﬁgf‘é‘ée a'ﬁ§°%%rgéggg%?§eﬁﬁe§§%§&‘ S coif are
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enzyme production r..untt bi ' |, al s aj emaiEn rel atively
| ow. The reF?ZHPFcPﬁagc?%nnknonég&pgfz%ﬁ% Hrgér%t EC% ﬁ%nﬁg{oggu%sdg{e control of a
const it ut i vdsolatepanst the phrased‘epayme Ispstensy is tonb@8arderstopd te inclyde bytlantoinksegh | evel s
of bi ocatal yi | Lty L%;,g, o1 nmodi fi ed
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of mutant b ﬁﬂ-%—hﬁ*anﬁa&faﬂﬁd&%ciidptottﬂﬁr &)ingébbl\&}{g lopﬂaﬁﬁﬂﬁ& DM 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 conditions.
This means that the levels of enzyme production per unit biomass in commercial
strains remain relatively low. The re-introduction of a recombinant 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 genetically modified, have led to the
examination of the potential of mutant bacterial strains in the high-level production of

hydantoinase and NCAAH enzymes.



hydant oi nase and NCAAH enzynmes. WD 01/19982 PCT/ ZA00/ 00173 4 OBJECT OF THE
| NVENTI ON An object of the invention is the isolation of m cro-organi sns

abl e consvobuopszel y to 5 produce enzynmes whi ch convert pCazaoi/17s Xt ures of
5-substituted hydantoins or N- carbanyl am no acids to D-am no acids and
thereby, at least partially, to alleviate the problens associated with
chem cal synthesis of D am no aci ds? SUMVARY OF THE INVENTION 10 In
accordance with the invention there is provided a biologically pure culture
of a nmutant strain of Agrobacterium RU-OR which constitutively expresses a
stereosel ective enzgrre s‘ystem whi ch may be used in the enzymatic synthesis
of D ani GBI in accordance with the invention there is
provided a biologically pure cuI ture of a glutam ne synthesis-deficient

m cro-organi smable constitutively to_ produce : enzynes whjch convert

racemi c miARtabieatsofcthe veRtiea tis thgriwiting 9f Micse-A @awa"tﬁbé%ﬁwanmafemg 20

Fur t NesMoLE,4hdd éﬁEﬁﬁH QifihEcoribert ratdnfic MBMAEY HONsubRERd a.y&mama\ot ded
m cr o- or gani sne ch are able to constituti Vel%gzﬁl& e enéymas whi ch

convert r &¥eavE a‘ﬁ’i’&@%ﬂ’%@ Dypming agids #d Hyerehy, aideastp eyt acids. 25

Furt her iBroaﬁﬁeadd@maiw«ﬁdheﬁﬂaﬂsvme&lbmamma%ﬂsl s provided an isolated and
purified "enzyme systemable to convert racem c mxtures of 5-substituted

hydantoins to D- amno acids. Still further in accordance with the

i nvent i on sVIRRIYSOP TeME INENTIONS Ol at ed and purified 30 enzynme system able
to converi racemc m xtures of N-carbanylanmino acids to D- am no acids.

FurthdProre in accordance with the invention there is provi ded a
M Cr 0- Or & hdézbrdhe 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.
* 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-amino
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 to convert racemic mixtures of 5-substituted hydantoins to 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,



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

phar maceuticals, WO 01/19982 PCT/ ZA0O0O/ 00173 5 alternatively agrochem cal s,
further alter jvely for use in the production of D am i or the
product i or?mai”{]’%é?ti cides, and still further alternatively é?gdtfg’gl?n t he
production of D-am no acids for the production of feedstock additives. 5
The invention also extends to a growm$h nmediumto achi eve over-expressed

| evel s of hydantoi nase and/ or NCAAH enzyne activity during optinumculture
conditions. The invention also provides for a_ N.carb | ang po .aci d produced
i n accor darsemsiivelly agroremiqalse furtherplterpgtively o ‘r‘ﬁ?é’h{hFé’FP‘ﬁ% %F%WB%S for a

D- ani no_acighabrQoHe SrbdubticACHOpIRNRS, Mdt diillfiher | a¥rasivefor BRI MRhBESCRI PTI ON
OF THE FIGJURES 15 I'n the acconpanying Figures: Fjgure 1 shows the DNA
sequence ofpreduetioneED-mine Fridsdord °R(§?‘%?ga‘b?t%?‘idﬂtﬁf dgﬂ?s' 20 Figure 2 shows
hydant oi nase and N-carbanyl am no aci d am dohydrol ase activity in

Agr obaci erium RU-OR cell's during md-Iogarithm c phase durin r.om h in
VM FisgurEre dmeniasalion e’ 1ot Sl FeER ‘9 ame M Soemr st e gl
hydant oi nasgqafiinabe addas RORAREIZpRe astivity dirig Option allamecoaditionsi ties in RU-OR
cells; 25 Figure 4 shows that ammoni a shock represses enzyne activity in
w |l d-type AgrobacteriumRU-OR cells; Figure 5 shows that RU-ORPN 1 cells
consti t uti VRlemRxEnGEd proVitRE F?iaPRSRbANTMMIRL acidflofuttd infmtortdinee tlant oi nase
enzynme is inactive due to repression by ammoniumin the growth medium
Figure 6 sHBwBveNHER RU-ORPN 1 cells constitutively express active

N- car bajyyl am no aci d am dohydrol ase enzyne, while the wild type enzyne is
repressed; '1\‘/1\19 ig\:rl'e/ntjic?ngaglgo I;rcc:)-rv{d%f\ Qoqjao %%zn%no 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 activity in

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

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

25
Figure 4 shows that ammonia shock represses enzyme activity in wild-type
Agrobacterium RU-OR cells;

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

growth medium,;

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

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



6 Figure 7 shows that hydantoinase activity in RUORPN | F9 cells is not
sensitive to ammonia shock; 5 Figure 8 shows the |evels of hydantoi nase
activity wooidgeg&2RPNI F9 cel | s during m d- |ogarithm c gr ®eriZzApiad?rs conpar ed
with the levels in the wild-type R-OR and nutant RU-ORPN 1, when cells
are grown under optimal growth condi6tions; Figure 9 shows the | evels of

N- car banyl am no aci d am dohydrol ase activity in both 10 RU- ORPNI and
RU-ORPN 1 F9 cells during md-logarithmc gromh phase conpared wth the -

levels in the wild-type RU-OR when cells are grown under optimal growh

conditionsg, and Figure 10 shows the | ecific dant oi nase
activity pEreh Flmﬁltm&"masewﬂm t‘ﬁ%{ﬂ%ﬁg}?\ggpl%ﬁs iH IR ?"F'% 2Pi t hni c growth

phase, W bfimbhik sfdck; hydroxyphenyl hydantoin as substrate, as conpared with
t he specific hydantoinase activity in the wild-type RU-OR cells and
RU-ORPNI cel | s achieved during stationary phase. 20 DESCRI PTI ON OF ONE
EMBCDI EVEN-flggé 8T§H5wls WENE!S GRihyRieinale ab@ViniRRUSDRPINIFStdelis diginp s been.

reported ve nt.oi n- hydr ol ysi tivity non se.are
Agr obact ellqgﬁ'ﬁﬁ’fll‘} i Phgse gompared F}bglgec eé‘?cl? H‘m‘he ‘f‘ga? a@?‘e‘fﬂdB 11291 and
Agr obact epjuthit BU-ORFN 11 whehlcells/ige groaa uder tptiniahghiootioaditiof31 1291 and _
+Agrobacteriumsp IP 1-671 al so have N-carbanylam no acid and

am dohydrol ase activity. In the present invention, a novel Agrobacterium
_speci es @igu-e@}hdm&hé Rodiabfed-cubamylamiso aeiqbainldehyﬂrol;secadlirdﬁyrig bathnunber of

ot hodd B BRBAG sRURTRANIE chib il nidRiruiis abvth BaCEeiatn: 71 o

- Agr obact ewithi nheReve{shn altedwildty iRRN-OR, clieh Seltyrapegrotve usder optialggrowth - hydant oi n
mni mal  nedi umé broth, are diluted to CD600,,,,, = 0.02 in standard
mini mal  WPRERE ) pCTI ZACO 00173 7

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

15 RU-ORPNIF9 -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-ORPN1 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 radiobacter
B11291 and Agrobacterium sp IP 1-671 also have N-carbamylamino acid and
amidohydrolase activity. In the present invention, a novel Agrobacterium' species .
(RU-OR) was isolated which is capable of producing a number of enzymes in
amounts such that the cell mass has a high activity for the methods described herein.
30
CULTURE AND BIOCATALYTIC ASSAY CONDITIONS

Agrobacterium RU-OR and RU-ORPNI cells grown to saturation in- hydantoin
minimal medium (HMM) broth, are diluted to ODgopnm = 0.02 in standard minimal



medi um (MM (MM per litre: 1 Qg glucose: 0.01l.g Cad 2; 0.02g MyCl2; 60g
Na2HPO4. 30g KH2 P04, 5g NaC 1, 0.04g boric acid, 0.04g MhSO4, 0.02g
(NM)GNDZC%@ 0.01g KI, 0.004g CuSO4) suppl ement ed WplchZh¥pbpigant oi n
(HVM) casam no acids (SWW, or (NH4)2SO4. (AW . Stra| n RU- ORPNI F9 5
cells are grown in HW or -SMM or AWM suppl emented wi th 0.002% gl ut am ne.
Enzyme activity in Agrobacterium RU-OR cells was induced by growth in

medi um containing 0.1%thiouracil. Cells are harvested at OD600, = 0.5 -

. 8, |1 d.b | f d f d
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car banyl gm ﬁ%lsfée gog%'ﬁiwngr o] ase act I VI t %le%enéggﬁérhe Oﬁt %‘ﬁe concent ration
of 15 gl yci Emy(rgrmtdnyl in @rmm:ednﬂﬁb@i{z&lls was)ﬁddn@.edl\bycmommplrgﬁdwm ne | nabs
m reaction
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Cape envi r ocaeifagation, e;vashmion 0t MidPQ.nbuffeh pld B andnresuspaniderain hymmmm( D844 broth
(per litre: 30g KH2
P04, 5g NaC{v] “%Ugﬁlu Bl ?ééctga){’é‘?bl%gb%%ﬂ%ﬁ)hgyé}%%’ g@%% ‘NPI%Q’%WE@ 492H20 0.0 g
K, 0.008g @gsd{readibnlbpfemtittien$0 aMhydmmba@rezf m%ﬁwarhgnyldrcnzeacﬂflor 24
hours, afte C t

[ ncubat ed ffglr\i‘gj dghﬁﬁﬁfﬂ hg érll\g&gg Oﬁl @gas \Aﬁ?aélﬁmgﬂt% segﬂﬂydantm ns
as a sole poncentgtion gwﬂéamﬁdvmqﬁumoﬂmbohnﬁﬁlw $nmelfml) n’g’dmﬁtmeVM agar .

| S0l at ed St siy Aoy HPhSaanfiAIN D0 Racl S AERPERE S B shHRNkoRg P and

N- car banyl am no aci am dohydrol ase activity using re ng cell
bi ocat al yt i carbamylapino Fti¢ amjidaliydrolase acigity i aeasuradness freseanggniratidy- ¢k whi ch

was ano 9 t e ﬁf&i mﬁb&% gufnbm ﬁ%hﬁ dgeigéhecmtaes il Padchigqn of its

| 6S r sequence own I n Figure scribed in Hartley et al.
(1998) . I\/Ut aﬁvm Ibl\FthIM§t%¢ect ed as foI I ows: Agrobacterium RU-OR cells
wer e

OLATION OF AGROBACTERIUM RU-OR, RU-ORPN1 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 MgCl,;
60g Na;HPQ,, 30g KH; PO4, 5g NaCl, 0.04g boric acid, 0.04g MnSO,; 0.02g
(NH4)6Mo02024.4H,0, 0.01g KI, 0.004g CuSQ,, 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. Resuilting 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 N-carbamylamino acid
amidohydrolase activity using resting cell biocatalytic assays. The wild-type
Agrobacterium sp strain RU-OR, which was among these isolates, was identified

30. through determination of its 16S TRNA gene sequence (shown in Figure 1) as
described in Hartley ef al. (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
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identifie I ng stan
Protein concentration was determined by the method of Bradford (1976). Activityis =

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 er a/. (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 then be 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-analogue 2-thiouracil. The nutritional factors
responsible for regulating 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



culture conditions under which enzyne activity was not limted to
stationary phase. Hydantoinase and NCAAH activities were neasured during
growt h of 34, % gells in a chemcally defined mniml medcyzaéaehs ni ng
hydant oi n ang ucose as sole WO 01/19982 PCT/ ZAOO 00173 9 nitrogen and
carbon sources, respectively (MM plus 0.1 % hydantoin). Activity of both
enzynes was Iow in early exponential phase and after the cells reached
stationary phase, with highest activity detected during md to late

exponenti al phase (Figure 2 I erl nzyme
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growt h phasgriguked)l s were grown in nmininmal medium containing either glucose
or glycerol as carbon source and hydantoin as nitrogen source. The

gr owt h- rate of RU-OR cells was not  si gnlfl cantly affected by either carbon

source (Figur and th di ff d
15 NCAA acth 9 SpsateTs e e e et SR T Eft MERRRE 1058 "

RU- OR cel | sdging'wid-wtpohientiaifphsse @ODeo € @r30a8.and ni t rogen sources. Carbon
Source Nitrogen Source Hydantoi nase Activity NCAAH Activity (nol/m)

(mol /M) 1% glucose | % hydantoin 4.87 0.400 5.77 0.55 1%glycerol I %
hydant oi n 31‘9e7 effébt Sif difféent Ehrtimd ariﬂ%zigbgensmr&s Tupda (mman-swolysi@ t 0.2

1.09 0. | % gl ucase 0.1 oserl e 4. 70 2 cose 0.01%
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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 '

(umol/m) (umol/mi)
1% glucose 1 % hydantoin 4.87 +0.400 577+0.55 .
1% glycerol 1 % hydantoin 3.97+0.58 5.85+0.58
1% glucose 0.1% (NH4)2S04 1.15£02 | 1.09+0.16
1% glucose 0.1% serine 4701026 3.70 £0.56*
1% glucose 0.01% CAA 10.87 £ 0.43 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
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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 (NH4):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 growth medium.

CHBARACTERIZATION OF MUTANT STRAINS.
25
Inducer-independent hydantoinase and MN-carbamylamino acid amidohydrolase,
activity was assessed by measuring enzyme activity in cells 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.



25 I nducer independent hydantoi nase and N carbanyl am no acid

am dohydrol ase, activity was assessed by neasuring enzyne activity in
cell's grovyy p gopM Wi t hout 2- thiouracil. RU-ORPN | cel | speh@i6ubosss

st gni fi cant k’ hr ee-fold) increase in hydantoinase activity and NCAAH
activity was equivalent to induced levels in 30 Agrobacterium RU-OR cells.
WO 01/19982 PCT/ ZACQ 00173 11 Tabl elR2. Hydant oi n- hydrol ysing activity of
mat ant RU-OR strains Strain HYDANTO NASE NCAAH N-car banyl gl yci ne pl us
glycine dycine (gnol/m) (nol/m) no inducer 2-thiouracil no inducer

2-t hi ouraci | RU—CR (wt) 1.980.65 7.510.37 2.620.15 11.740.80 RU- ORPNI

21.80.78 nd_ 8.040.3 r ed. 5 RU-ORPNI
cells gr ovvrT"ibWZm ni %P“HE‘H? ﬂﬁ%ygwgef\ﬁ&?ﬁ&f’%@%ﬁ roinng;our ce had
repressed Kfg¥@l S Oof hydantol nase activity, as observed in the wld-type,
RU-OR cells (Figure 5), butHYPANTOINASEst to the RU- ORNGMAH activity in

RU-ORPNL cel I's was el eviicamathyiglydinechhisyghinei nduced | eveGlycx(lEl gure 6). After
growh in SMMfor 60 10 m nut ezw%{gntm nase acti vi ty ant RU-ORPN 1

cells recovered to |levels nor bserved in |nduce ~type cells

(see table 2) while tHeTGoWEceRO | NCE-BikRacill N hyﬂ@ﬁxﬂﬁheﬂase afhiodtaty 1 n the
w | d-type %robacterl um RU-OR cells after _growth in SMM Thus unI | ke the

wi | d-t ype, RUHRR f ant st lA8406%pr essd@S1H0#h hydaRddthise andl-74:0

N-car bany| gpigRerei d am QBMFI-QI ase enzmynes evenggdess Nitrogemdr epression
15 condltlons ut the hydantolnase enzyne is inactive in the presence of
(NH4) 2SO4. + - SHM (i B8). nd R nof degdrmainedri ne synt hesi s reduces the sensitivity of
hydant oi nase acti vi ty to anmonia shock in RAOR cells (Figure 4).

Ther ef ore, t he gi n auxotrophi c nut ant

RU-ORPNI1 cells grown in minimal medium with (NH,4);SO4 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-ORPNI 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)2SOs4.

Inhibition of glutamine synthesis reduces the sensitivity of hydantoinase activity to
ammonia shock in RU-OR cells (Figure 4). Therefore, the gln” 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-
ORPNIF9 is no longer sensitive to ammonia shock as compared to that of the wild-
type Agrobacterium RU-OR and mutant RU-ORPN1.

Glutamine synthetase assays of all three strains before and after ammonia shock
25 showed that glutamine synthesis was reduced by 60% in RU-ORPNIF9 when
compared to that in Agrobacterium RU-OR and RU-ORPN]1 cells. Thus a reduction
in glutamine svnthesis when RU-ORPN1F9 cells are grown in (NH,),SO,, results in

insensitivity of hydantoinase activity to ammonia shock.



RU- ORPNI F9 was subj ected to ammoni a shock and hydant oi nase activity in the
20 auxotrophic mutant. Figure 7 shows that hydantoinase activity in nutant
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effect upon hydantoinase or NCAAH production in this strain. Strain Agrobacterium ..
RU-OR was sélected _fdr its efficient conversion of D,L-p-hydroxyphenylhydantoin to -
_ ~ D-p-hydroxyphenyiglycine. High levels of D,I..-p-hydroxyphenylhydar:__ltoin'-:..

20 hydroiysis were also achieved. The highést D,L-p-hydroxyphenylhydantoin’
conversion by the wild-type Agrobacterium RU-OR and RU-ORPNI 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-ORPNI cells Up to 45 % of D,L-p-

25  hydroxyphenylhydantoin was converted to either N-carbamyl-p-
hydroxyphenylglycine or D-p-hydroxyphenylglycine by RU-ORPNI1F9 cells within
six hours. RU-ORPNIF9 cells produced approximately 6 umoles/ml D-p-
hydroxyphenylglycine after six hours, which corresponds to 25 % conversion 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-ORPNIF9 showed the highest specific
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5.

10.
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12.

A micro-organism as claimed in any one of claims 1 to 3 wherein the micro-
organism is Agrobacterium sp. ' i

A micro-organism as claimed in any one of claims 1 to 4 wherein the micro-
organism is indistinguishablé from Agrobécterium RU-OR based on its 168

rRINA gene sequence.

- An isolated and purified enzyme system able to convert racemic mixtures of 5-

substituted hydantoins to D-amino acids where the enzyme system is isolated

and purified from a micro-organism as claimed in any one of claims 1 to 3.

An isolated and purified enzyme system able to convert racemic mixtures of
N-carbamylamino acids to D-amino acids where the enzyme system is isolated
and purified from a micro-organism as claimed in any one of claims 1 to 3.

A micro-organism as claimed in any one of claims 1 to 3 for use in the
production of D-amino acids for use in the production of pharmaceuticals.

A micro-organism as claimed in any one of claims 1 to 3 for use in the
production of D-amino acids for use in the production of agrochemicals.

A micro-organism as claimed in any one of claims 1 to 3 for use in the
production of D-amino acids for use in the production of pesticides.

A micro-organism as claimed in any one of claims 1 to 3 for use in the

production of D-amino acids for use in the production of feedstock additives.

producti on
clains 1 to

mas. ¢ aimed in any one of claims 1 to 3 for
e Ys for use in the producti on of '

WO 01/ 19982
production of a
m cro- organMsnA IDIOTOSAr Zenistni vb}t y:opstmdlsrdyrtg mdmze}xmnﬁywhldmcomteal ysing the

This Sheet Has Been Rep

i



substituted hydantoins to D-am no acids by a mcro-organismas clained in
any one of clainms i to 3. 5 14. A growh nediumfor use in the production

of a mcrq.Qr L,sm constitutively producing an enzyne systombd@dial ysi ng
t he conve3¥198ﬂ?9§#zsl\l- carbanylam no acids to D-am no acids Ey a

m cro-organismas clained in any one of clains | to 3. 15. A growh nedium
for use in the production of mcro-organisns as clainmed in 10 any one of
clkains | to 4 producing an enzyme systemas clained in either one of
clainms 5 or 6. 16. A growh nedium as clainmed inany one of claims | to 13
for the produtidorgrowth mediwm Jorcyssinf then BrodustenR | ot 2 JUFFYUE#A™Pns duri ng
fermentation cQpghitukiPdlp prolifcidg’ an AnSnR\éySieREEbtdly¥ing Sthé IcatveRsibni 6f Ny one of

clainms 1 to 13 for ;the production of D.Amino acids from N-carcpai noyl am no
aci ds during feswhstituted; tydanteipsie Pragiine acids byaa sHEFRroReanis®i 45-540% Bse under
fermentation congy §ledPeiain® 13601 eve over- expressed | evels of enzyne
activity for the ‘conversion of racemc m'Xtil:J,qreS' of 20 5-substituted

hydant oi hs t o b gFoWE! Bedig fogyseyin thepradustion of A THCERORgRUETL ERSHIHIVEYy one of
claims 1 to 3. Ifodubingal Wiyni¥sstet) dafdlysiti§ Che| BstRErsibR lof@Rtabangamiondi t i ons to

achi eve over- expressed |levels of enzynme activjiy for the nver.si on of
racem ¢ mi xt ur ecigs to Reagunoipeids by AHE0-QESaRIEM 3§ °'IBL“§H1"‘?16“Y£’F (?ggﬁvs&

m cro-organi sm agsclaimed in 25 any one of clains 1 to 3. 20. A

N- car banyl ami no aci d proguced in a corogiance vaith t he inventi.on

D ani no. Aci 0 7 dugioBh MRS G0 A LD RTSHAoR S PTBRUERBAS & piprd iy 1 )
L1ET The 11T 1 lahy bhe &f claims 1 to 4 producing an enzyme system as claimed in either one
of claims 5 or 6.

16. A growth medium as claimed in any one of claims 1 to 13 for the production
of D-Amino acids from S-substituted hydantoins during fermentation
conditions. '

15 17. A growth medium as claimed in any one of claims 1 to 13 for the production
of D-Amino acids from N-carbamoylamino acids during fermentation
conditions.

18. A growth medium for use under fermentation conditions to achieve over-
expressed levels of enzyme activity for the conversion of racemic mixtures of

20 5-substituted hydantoins to D-amino acids by a micro-organism as claimed in
any one of claims 1 to 3.

19. A growth medium for use under fermentation conditions to achieve over-
expressed levels of enzyme activity for the conversion of racemic mixtures of
N-carbamylamino acids to D-amino acids by a micro-organism as claimed in

25 any one of claims 1 to 3.

20. A N-carbamylamino acid produced in accordance with the invention.

21. A D-amino acid produced in accordance with the invention.
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