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7) ABSTRACT

The present invention relates to process for increased yield
of the amino acid arginine from bacterial cultures by
employing strains that have been genetically manipulated
for both increased arginine biosynthesis and increased level
of the Escherichia coli protein YggA or a protein that is
substantially similar to Escherichia coli YggA. Two strains
of this invention have been deposited at MTCC, Chandigarh.
The strains are GJ4894/pHYD952 (MTCC 5127) and
GJ4536/pHYD953 (MTCC 5128).
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MICROBIAL PROCESS FOR ARGININE
PRODUCTION

FIELD OF INVENTION

[0001] The present invention relates to process for
increased yield of the amino acid arginine from bacterial
cultures by employing strains that have been genetically
manipulated for both increased arginine biosynthesis and
increased level of the Escherichia coli protein YggA or a
protein that is substantially similar to Escherichia coli
YggA. Two strains of this invention have been deposited at
MTCC, Chandigarh. The strains are GJ4894/pHYD952
(MTCC 5127) and GJ4536/pHYD953 (MTCC 5128).

PRIOR ART

[0002] Several amino acids, that are the constituents of
naturally occurring proteins, are being produced commer-
cially for use, for example, in the processed food industry,
in animal stock feed, and in providing human parenteral
nutrition supplements. Depending on the amino acid, the
process for commercial production may be by chemical
synthesis, protein hydrolysis, and/or microbial fermentation
processes. Glutamate, for example, is produced in very large
scale by bacterial fermentation.

[0003] Several features have been recognized as desirable
in any process employing bacteria for amino acid produc-
tion. One is to enhance or optimize the flux through the
biosynthetic pathway of the amino acid. Another is to
inactivate the active uptake systems for the amino acid in the
bacterium so as to avoid its intracellular accumulation. Yet
another, which has been recently recognized, is to exploit the
function of amino acid exporters in bacteria.

[0004] Unlike the amino acid active uptake systems, very
few amino acid exporters have been identified in the bac-
teria. Amongst the first bacterial amino acid exporters to be
identified was the lysine exporter LysE of Corynebacterium
glutamicum [Viljic et al (1996) Mol. Microbiol. 22: 815-
826]. Subsequently, LysE was shown also to be an exporter
of arginine [Bellmann et al (2001) Microbiology 147: 1765-
1774]. LysE synthesis is under transcriptional activation
control of the regulator protein LysG, which is a member of
the large family of LysR-type transcriptional regulators.
LysG mediates the induction both by lysine and by arginine
of LysE transcription in C. glutamicum, as described in the
reference of Bellmann et al (2001) cited above.

[0005] Arginine is classified as an essential amino acid in
that it is required as a dietary constituent (most often as a
component of dietary proteins) for most animals including
humans. Regulation of arginine biosynthesis has been well
studied in the bacteria of the family Enterobacteriaceae such
as Escherichia coli or Salmonella typhimurium, where it has
been shown that arginine biosynthesis is under repression
control of the gene argR such that argR mutants exhibit
substantially increased synthesis of the amino acid [N.
Glansdorff  (1996) “Biosynthesis of arginine and
polyamines”, in Escherichia coli and Salmonella: Cellular
and Molecular Biology, 2nd Edition (Neidhardt et al., eds.)
ASM Press, Washington D.C., USA, Chapter 25, pp 408-
433; R. A. Kelln and G. A. O’Donovan (1976) J. Bacteriol.
128: 528-535]. The first enzyme of the arginine biosynthetic
pathway, encoded by argA, is also subjected to feedback
inhibition by the end-product arginine, and feedback inhi-
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bition-resistant argA mutants as well as F. coli derivatives
with multicopy argA have been obtained that overproduce
arginine [Momose et al, U.S. Pat. No. 4430430 issued 07
Feb. 1984; B. S. Rajagopal et al. (1998) Appl. Env. Micro-
biol. 64: 1805-1811; L. R. Ptitsyn et al, European patent
application EP1170361 A2, published 09 Jan. 2002].
Mutants that exhibit increased arginine synthesis are resis-
tant to the arginine analog canavanine and are able to
support increased syntrophic growth of arginine auxotrophic
strains, as described in the references of Glansdortf (1996)
and Kelln and O’Donovan (1976) cited above.

[0006] Several active uptake systems for arginine have
been identified in F. coli; it has been claimed that arginine
uptake through at least two of these uptake systems is
controlled by the product of the argK gene whose transcrip-
tion in turn is activated by a LysR-type transcriptional
regulator gene argP (that was previously called iciA) [R. T.
F. Celis (1999) J. Mol. Biol. 294: 1087-1095]. It has further
been claimed in the same reference of Celis (1999) that an
argP mutation which confers resistance to canavanine does
so by abolishing the activating function of ArgP on the
arginine uptake systems.

[0007] V. A. Livshits et al (European patent application
EP1016710 A2, published 05 July 2000) have suggested that
the E. coli anonymous open reading frames yahN, yeaS,
viiK, and yggA encode amino acid exporters, and have
shown that E. coli strains with multiple copies of yggA
exhibit (i) enhanced resistance to arginine and to the lysine
analog S-(2-aminoethyl)-cysteine, and (ii) enhanced produc-
tion of lysine, glutamate, and arginine in the culture
medium.

DEPOSIT OF STRAINS

[0008] In compliance with the requirements of full disclo-
sure, two strains of this invention have been deposited on
Feb. 19, 2004 in the Microbial Type Culture Collection
(MTCC), Institute of Microbial Technology, Sector 39-A,
Chandigarh 160036, India (according to international depo-
sition based on Budapest Treaty). The strains are (accession
numbers shown in parentheses):

[0009] GI4894/pHYDY52 (MTCC 5127)
[0010] GJ4536/pHYD953 (MTCC 5128)

OBJECTS OF THE INVENTION

[0011] The main object of the present nvention is to
provide a process for obtaining increased yield of amino
acid arginine from bacterial cell cultures.

[0012] Another object of the present invention is to pro-
vide a process for obtaining increased yield of amino acid
arginine from bacterial cell cultures by genetically manipu-
lating the bacterial strains for both increased arginine bio-
synthesis and increased level of E. coli protein YggA or a
protein that is substantially similar in its amino acid
sequence to E. coli YggA.

[0013] Another object of the present invention s to pro-
duce a recombinant bacterial strain having two genetic
manipulations for increased arginine biosynthesis which
comprises of introducing a mutation in the argR gene that is
associated with the phenotypes of canavanine resistance and
the ability to support increased syntrophic growth of an
arginine auxotroph.
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[0014] Another object of the present invention is to pro-
duce alteration or mutations in the argP gene which is
associated with the phenotype of canavanine resistance

[0015] Another object of the invention is to provide the
altered or mutated argP gene in a plasmid.

[0016] Another object of the invention to provide geneti-
cally manipulated E.coli strains for both increased arginine
biosynthesis and increased level of E.coli protein YggA.

SUMMARY OF THE INVENTION

[0017] Accordingly, the present invention provides a
novel process for production of arginine in bacterial cul-
tures, the process comprising growth of a bacterial strain
bearing at least two genetic manipulations, one for increased
arginine biosynthesis and another for increased level of
either . coli YggA or a protein that is substantially similar
in its amino acid sequence to E. coli YggA. Acritical feature
of the invention is that the two genetic manipulations act
synergistically, in that their combined effect on arginine
production is substantially greater than that of either in
isolation.

[0018] Another aspect of the invention is that the second
genetic manipulation is for an increased level of E. coli
YggA that is achieved through increased transcription of the
E. coli yggA gene, is defined as when undertaken in a second
otherwise wild-type strain of the bacterium, the second
genetic manipulation will by itself be associated with a
phenotype of canavanine resistance in the manipulated sec-
ond bacterial strain.

[0019] Another aspect of the invention the second genetic
manipulation comprises introduction of a multicopy plasmid
with the cloned E. coli yggA gene.

[0020] The invention also provides a method to geneti-
cally manipulate the bacterial strains for increased arginine
biosynthesis in the bacterial cultures which comprises of the
introduction of a mutation in the argR gene that is associated
with the phenotypes of canavanine resistance and the ability
to support increased syntrophic growth of an arginine aux-
otroph.

[0021] One more aspect of the present invention is to
achieve increased level of said protein by introduction of a
canavanine-resistance-conferring mutation in the argP gene,
for example, an alteration of codon 94 of the E. coli argP
gene

[0022] Two strains of this invention have been deposited
at MTCC, Chandigarh. The strains are GJ4894/pHYD952
(MTCC 5127) and GJ4536/pHYD953 (MTCC 5128)

BRIEF DESCRIPTION OF ACCOMPANYING
SEQUENCE LISTINGS
[0023]

5'-GGGCGCGAACTCGCTGAGCGA-3 ' SEQ ID NO: 1

5'-GAGCAAGTTGTACGAACGCTT-3' SEQ ID NO: 2
5'-GTAAAACGACGGCCAGT-3' SEQ ID NO: 3

5'-AACAGCTATGACCATG-3' SEQ ID NO: 4
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DETAILED DESCRIPTION OF INVENTION

[0024] Accordingly, the present invention provides a pro-
cess for production of arginine in bacterial cultures, said
process comprising the steps of:

[0025] 1. growing a first strain of a bacterium, the first
strain bearing at least two genetic manipulations
comprising:

[0026] (i) a first manipulation for increased argin-
ine biosynthesis, the first manipulation being
defined as that which, when undertaken in a sec-
ond otherwise wild-type strain of the bacterium, is
by itself associated with the phenotypes of cana-
vanine resistance and the ability to support
increased syntrophic growth of an arginine aux-
otroph, and

[0027] (i) a second manipulation for increased
level of either the Escherichia coli protein YggA
or a protein that is substantially similar in its
amino acid sequence to Escherichia coli YggA,
the second manipulation being defined as that
which, when undertaken in a second otherwise
wild-type strain of the bacterium, is by itself
associated with the phenotype of canavanine resis-
tance; and

[0028] II. then recovering, by known methods, argi-
nine from the culture medium of the first bacterial
strain.

[0029] An embodiment of the invention provides a pro-
cess, wherein the first and second bacterial strains are
derivatives of Escherichia coli and the second genetic
manipulation is associated with increased expression of the
Escherichia coli yggA gene.

[0030] The second genetic manipulation comprises a
canavanine-resistance-conferring alteration in the argP gene
and wherein the alteration in the argP gene comprises a
leucine-encoding codon at codon position 94 of the Escheri-
chia coli argP gene.

[0031] Another embodiment of the present invention, the
alteration in argP is present on a plasmid, wherein the
plasmid is pHYD953 that is obtainable from the bacterium
having the accession number MTCC 5128.

[0032] One more embodiment of the invention provides a
process, wherein the second genetic manipulation comprises
introduction of the F.coli yggA gene on a plasmid, wherein
the plasmid is pHYD952 that is obtainable from the bacte-
rium having the accession number MTCC 5127.

[0033] In another embodiment of the invention, the first
genetic manipulation comprises a canavanine-resistance-
conferring mutation in the argR gene.

[0034] The present invention relates to novel processes for
production of arginine in bacterial cultures.

[0035] One aspect of the invention features a process for
production of arginine in a bacterial culture, the process
comprising growth of a first strain of a bacterium, the first
strain bearing at least two genetic manipulations, one for
increased arginine biosynthesis and another for an increased
level of a protein that is F. coli YggA or a protein that is
substantially similar in its amino acid sequence to F. coli
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YggA. E. coli YggA is the product of the anonymous
open-reading frame yggA in the E. coli genome. The
increased level of protein, when achieved in a second
otherwise wild-type strain of the bacterium, will by itself
confer a phenotype of increased canavanine tolerance in the
second bacterial strain.

[0036] In one aspect of the invention, the increased level
of the protein is achieved by introduction of a canavanine-
resistance-conferring mutation in the argP gene, for
example, an alteration of codon 94 of the E. coli argP gene
to one encoding leucine.

[0037] In another aspect of the invention, the increased
level of the protein is achieved by introduction of the yggA
gene on a multicopy plasmid into the bacterium.

[0038] Preferably the bacterial strains are of bacteria of the
family Enterobacteriaceae, for example, E. coli.

[0039] In a further aspect of the invention, genetic
manipulation for increased arginine biosynthesis in the first
strain of the bacterium comprises introduction of a mutation
in the argR gene that is associated with the phenotypes of
canavanine resistance and the ability to support increased
syntrophic growth of an arginine auxotroph.

[0040] As used herein “canavanine resistance” or “cana-
vanine supersensitivity” associated with or conferred by a
mutation or genetic manipulation is the ability of a strain
carrying the mutation or genetic manipulation to exhibit in
culture media supplemented with various concentrations of
canavanine, improved growth or reduced growth, respec-
tively, over an isogenic wild-type strain not carrying the
mutation or genetic manipulation.

[0041] As used herein “the ability to support increased
syntrophic growth of an arginine auxotroph” associated with
or conferred by a mutation or genetic manipulation is the
ability of a first test strain carrying the mutation or genetic
manipulation to exhibit, in comparison to a second isogenic
wild-type test strain not carrying the mutation or genetic
manipulation, a more pronounced halo of syntrophic growth
of microcolonies of an arginine auxotrophic indicator strain
seeded into an arginine-free agar medium on the surface of
which the test strains have been spotted, as illustrated for
example in example 6.

[0042] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. In case of conflict, the present applica-
tion, including definitions, will control. All publications,
patents, and other references mentioned herein are incorpo-
rated by reference.

[0043] Although methods and materials similar or equiva-
lent to those described herein can be used in the practice or
testing of the present invention, the preferred methods and
materials are described below. The materials, methods, and
examples are illustrative only and are not intended to be
limiting. Other features and advantages of the invention will
be apparent from the detailed description, and from the
claims.

[0044] These methods are based on discoveries of certain
novel properties of the yggA and the argP genes and muta-
tions in them, as described herein. The discoveries include
the findings that the loss of ArgP function in F. coli is
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associated, not with canavanine resistance as taught in the
reference of Celis (1999) cited above but with canavanine-
supersensitivity; that the loss of YggA function in E. coli is
also associated with canavanine-supersensitivity; that in
strains carrying the wild-type argP gene, transcription of the
vggA gene is induced upon introduction of a canavanine
resistance-conferring mutation in the argR gene or upon
supplementation of the culture medium with arginine, its
precursor citrulline, or canavanine, and that it is substan-
tially repressed upon supplementation of the culture medium
with lysine; and that in strains carrying canavanine resis-
tance-conferring missense mutations in the argP gene, tran-
scription of the yggA gene is elevated and is rendered largely
constitutive of the effects of arginine or lysine supplemen-
tation to the cultures. These findings lead us to propose that
the YggA protein is an exporter specific for arginine in F.
coli, whose synthesis is under transcription activation con-
trol of the ArgP protein that mediates the inducing effect of
arginine but is rendered inactive for its activation function in
the presence of lysine.

[0045] The reference of Livshits et al (2000) cited above
teaches a method for increased arginine production in a
culture of a bacterial strain that has been genetically manipu-
lated to exhibit an increased amount of E. coli YggA.
However, the genetic manipulation is also associated with (i)
increased lysine content in the culture medium, (if) increased
resistance to the lysine analog S-(2-aminoethyl)-cysteine
which also implies increased lysine export, and (iii)
increased glutamate content in the culture medium.

[0046] The method for increased arginine production
taught by the reference of Livshits et al (2000) cited above
is perceived in the art to suffer from several disadvantages,
including but not limited to the following. Increased content
of lysine and glutamate in the culture medium represent
wasteful channeling of metabolites into products other than
the desired end product arginine. Furthermore, the excreted
glutamate itself is an essential precursor of arginine biosyn-
thesis, and lysine will inhibit the synthesis of the YggA
exporter (see example 6 below).

[0047] Accordingly, the present invention teaches
improved methods for production of arginine in bacterial
cultures that employ a first strain of a bacterium, the first
strain bearing at least two genetic manipulations comprising
a first manipulation for increased arginine biosynthesis and
a second manipulation for increased level of either E. coli
YggA or a protein that is substantially similar in its amino
acid sequence to E. coli YggA. A critical feature of the
invention is that the two genetic manipulations act syner-
gistically, in that their combined effect on arginine produc-
tion is substantially greater than that of either in isolation.

[0048] A preferred aspect of the invention is that the
second genetic manipulation is for an increased level of E.
Coli YggA that is achieved through increased transcription
of the E. coli yggA gene. When undertaken in a second
otherwise wild-type strain of the bacterium, the second
genetic manipulation will by itself be associated with a
phenotype of canavanine resistance in the manipulated sec-
ond bacterial strain.

[0049] 1In one aspect of the invention, the second genetic
manipulation comprises introduction of a multicopy plasmid
with the cloned E. coli yggA gene, and Example 1 describes
the construction of a multicopy plasmid pHYD952 with the

cloned yggA gene.
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[0050] In another aspect of the invention, the second
genetic manipulation comprises introduction of a canava-
nine-resistance-conferring mutation in the argP gene, and
Examples 2 to 4, taken together, describe a method for
obtaining a plasmid pHYD953 with a canavanine-resis-
tance-conferring mutation in the argP gene. That a canava-
nine-resistance-conferring mutation in the argP gene is asso-
clated with increased transcription of the yggA gene is
described in Example 6.

[0051] Orthologs of E. coli yggA and argP exist in several
bacteria, and it is therefore feasible for the skilled artisan to
undertake the second genetic manipulation, as described
above and in the examples, with the orthologous genes or
with variants of the E. coli genes and their orthologs.

[0052] Arginine biosynthesis is tightly regulated in many
bacteria, but the art teaches several means to genetically
manipulate a bacterium so that the regulatory mechanisms
are perturbed and the intracellular biosynthesis of arginine is
increased [see, for example, the references of Glansdorff
(1996), Kelln and O°Donovan (1976); Momose et al (1984);
Rajagopal et al (1998); Ptitsyn et al (2002) cited above].
Such genetic manipulations known to the art include but are
not limited to mutations inactivating the argR repressor
gene, mutations in argA rendering the encoded enzyme
acetylglutamate synthase feedback resistant to arginine, and
increase in copy number of the argA gene. Any genetic
manipulation that increases arginine biosynthesis in a bac-
terium will confer on the bacterium the phenotype of cana-
vanine resistance and the ability to support increased
syntrophic growth of an arginine auxotroph.

[0053] The present invention teaches a method for argin-
ine production in a culture of a bacterium, said bacterium
possessing at least one first genetic manipulation that
increases arginine biosynthesis and at least one second
genetic manipulation that increases the level of either E. coli
YggA or a protein that is substantially similar in its amino
acid sequence to F. coli YggA. Example 5 describes the
increased production of arginine in E. coli strains, as deter-
mined by the ability of said strains to support increased
syntrophic growth of an arginine auxotroph. The E. coli
strains possess a first genetic manipulation comprising an
argR mutation leading to increased arginine biosynthesis in
combination with a second genetic manipulation comprising
either (i) a multicopy plasmid with the cloned yggA gene or
(if) a plasmid with canavanine-resistance-conferring muta-
tion in the cloned argP gene.

[0054] Example 6 describes a method to construct a yggA-
lac operon fusion for measurement of in vivo transcription
activity of the yggA promoter, and its use to demonstrate that
in a derivative of the wild-type strain MC4100, the yggA
promoter transcription is induced by arginine and is ren-
dered nearly inactive by exogenous lysine supplementation;
and that in a strain with a canavanine-resistance-conferring
mutation in argP, yggA promoter transcription is constitu-
tively activated. These changes in yggA promoter transcrip-
tion activity are expected to lead to appropriate changes in
the level of YggA protein in the bacterium.

[0055] The examples given are merely illustrative of the
uses, processes and products such as vectors and strains
claimed in this invention, and the practice of the invention
itself is not restricted to or by the examples described. It is
to be expected that additional configurations of the same
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invention, and/or alternative means by which it is reduced to
practice, may be achieved by modifications that involve
materials and processes that are already known and well
established in the art. It may also be noted in this context that
orthologs of the argR, argP, and yggA genes have been
identified in a variety of Gram-negative and Gram-positive
bacteria.

[0056] In the following examples, the following materials
and methods were used throughout:

[0057] 1. Bacteriological media materials were pur-
chased from Difco Laboratories (P.O. Box 331058,
Detroit, Mich. 48232-7058, USA). Antibiotics and fine
chemicals including amino acids and canavanine were
purchased from Sigma-Aldrich Corporation (P.O. Box
14508, St. Louis, Miss. 63178, USA). All amino acids
and canavanine were the “L-" optical isomers. Restric-
tion endonucleases and enzymes used during DNA
cloning, as also the 17-mer M13/pUC sequencing
primer (-20) and the 16-mer M13/pUC reverse
sequencing primer (-24), were obtained from New
England Biolabs (32 Tozer Rd, Beverly, Mass. 01915-
5599, USA). Other synthetic oligonucleotide primers
were obtained from Eurogentec s.a., Liege Science
Park, Rue Bois Saint Jean 5, 4102 Seraing, Belgium.

[0058] 2. Nutrient and glucose-minimal growth media
were derived, respectively, from LB and glucose-mini-
mal A media described in “A Short Course in Bacterial
Genetics: A Laboratory Manual and Handbook for
FEscherichia coli and Related Bacteria” by J. H. Miller
(1992), Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y., USA. When needed, supplemen-
tation of minimal growth medium with particular
amino acids to satisfy an auxotrophic requirement was
at a final concentration of 40 micrograms/ml each.
Antibiotics were used (when needed) at the following
final concentrations (micrograms/ml): ampicillin
(Amp), 100; tetracycline (Tet), 15; chloramphenicol
(Cm), 30; kanamyecin (Kan), 50; trimethoprim (Tp), 60;
and spectinomyein (Sp), 50. Superscripts R and S are
used to denote the phenotypes of resistance and sensi-
tivity respectively. Stock solutions of Amp, Kan, and
Sp were prepared in water, that of Tp in dimethylfor-
mamide, and those of Tet and Cm in ethanol. Canava-
nine was prepared as a stock solution of 20 mg/ml in
water and used at different concentrations as described
below. 0.1 M citrate buffer (pH 5.5) and 0.1 M phos-
phate buffer (pH 7.0) were prepared as described in the
reference of Miller (1992) cited above.

[0059] 3. The genotypes of Escherichia coli strains used
in the examples are listed in the Table 1 below.

TABLE 1

Strain Genotype

DHSalpha  delta (argF-lac)U169 deoR recAl endAl hsdR17

phoA supE44 thi-1 gyrA96 relAl (phi80dlacZ deltaM15)

MC4100 delta (argF-lac)U169 1psL150 relA1 araD139
flbB5301 deoC1 ptsF25
SK2226 delta (gpt-proA)62 lacY1 or lacZ4 tsx-33 glnV44 galK2
tipE3 hisG4 xylA7 mtl-1 zif-290:Tn10 delta argH1
GJ4536 MC4100 argP202::lambda p(lac)Mu-Kan
GJ4748 MC4100 argR64 zhb-914::Tn10dCm
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TABLE 1-continued

Strain Genotype
GJ4822 MC4100 yggA::Tn10dTet
GJ4894 GJ4748 yggArTn10dTet
[0060] Strain DH5alpha is available from Invitrogen

Life Technologies, 1600 Faraday Avenue, Carlsbad,
Calif. 92008, USA. Strains MC4100 and SK2226 are
available from the E. coli Genetic Stock Center, 830
Kline Biology Tower, MCD Biology Department, 266
Whitney Avenue., P.O. Box 20813, Yale University,
New Haven, Conn. 06520-8193, USA. Plasmid-bear-
ing derivatives of the strains GJ4536 (with plasmid
pHYD953) and GJ4894 (with plasmid pHYD952) are
strains of this invention that have been deposited under
the accession numbers MTCC 5128 and MTCC 5127
respectively at the Microbial type Culture Collection
(MTCC) at the address cited above. The spontaneous
plasmid-free derivative of each of the deposited strains
may be obtained by screening for an Amps colony
following three successive cycles of 1:10000 subcul-
turing each in 10 ml of LB medium. Strain GJ4748 may
be obtained by phage P1 transduction into MC4100
with a P1 lysate prepared on GJ4894, by selection for
Cm® transductants and screening for a colony that is
able to grow on glucose-minimal A medium supple-
mented with uracil and canavanine at 40 and 65 micro-
grams/ml, respectively, and that can thus be shown to
have inherited the argR64 mutation; the transductional
linkage value between the zhb-914::Tn10dCm 1in this
experiment is approximately 20%. Strain GJ4822 may
be obtained by phage P1 transduction into MC4100
with a P1 lysate prepared on GJ4894, by selection for
a Tet® transductant.

[0061] 4. Bacteriophage P1 was obtained from Prof. A.
J. Pittard, Dept. of Microbiology and Immunology,
University of Melbourne, Parkville, Victoria 3052,
Australia, and is also available from the NCCB/CBS
(The Netherlands Culture Collection of Bacteria), P.O.
Box 85167, 3508 AD Utrecht, The Netherlands (http://
www.cbs knaw.nl/Nccb). Bacteriophage lambda clones
471 and 472 of the ordered lambda phage library of the
E. coli genome was obtained from Dr. K. Isono, Dept.
of Biology, Faculty of Science, Kobe University, Japan,
and is described in Y. Kohara et al. [Cell (1987)
50:495-508]; it is also available from the NCCB/CBS
(The Netherlands Culture Collection of Bacteria) at the
same address as that indicated above.

[0062] 5.5Plasmid pCL1920 was obtained from Dr. M.
Inouye, Dept. of Biochemistry, UMDNJ-Robert Wood
Johnson Medical School, Piscataway, 08854-5635,
USA, and is described in C. G. Lerner and M. Inouye
[Nucleic Acids Res. (1990) 15:4631]; this plasmid is
also available from the NCCB/CBS (The Netherlands
Culture Collection of Bacteria) at the same address as
that indicated above. Plasmid pBR329 is described in
L. Covarrubias and F. Bolivar [Gene (1982) 17:79-89]
and is also available from both the American Type
Culture Collection (ATCC), P.O. Box 1549, Manassas,
Va. 20108, USA, and the NCCB/CBS at its address
indicated above. Plasmid pBluescript II-KS was
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obtained from Stratagene Inc., 11011 N. Torrey Pines
Road, La Jolla, Calif. 92037, U.S.A. Plasmid pMU575
was obtained from Prof. A. J. Pittard, Department of
Microbiology and Immunology, University of Mel-
bourne, Parkville, Victoria 3052, Australia and is
described in A. E. Andrews et al [J. Bacteriol. (1991)
173: 5068-5078].

[0063] 6. Procedures for P1 transduction, and for most
other routine microbial genetic techniques were as
described in the reference of Miller (1992) cited above.
Canavanine tolerance of strains was tested in glucose-
minimal A medium supplemented with various concen-
trations of canavanine, and growth was scored after 24
hours at 37° C. In some cases, uracil at 40 micrograms/
ml was added to the medium to enhance the toxicity
imposed by a given canavanine concentration. The
wild-type E. coli strain MC4100 was resistant to 20
micrograms/ml of canavanine, but it was sensitive to 65
micrograms/ml of canavanine in the presence of uracil
at 40 micrograms/ml. Unless mentioned otherwise, the
procedures for preparation of plasmid and lambda
phage DNAs, the preparation and cloning of DNA
fragments, plasmid transformations, and DNA
sequence determinations, were by the standard tech-
niques described in “Molecular Cloning: A Laboratory
Manual, Second Edition” by J. Sambrook et al (1989),
Cold Spring Harbor Laboratory Press, Cold Spring
Harbor Laboratory, N.Y., USA. Strain DH5alpha was
used as recipient in transformation experiments involv-
ing cloning of DNA fragments into plasmid vectors.

[0064] 7. Data on the DNA sequence of the FE.coli
genome were obtained from F. R. Blattner et al [Sci-
ence (1997) 277:1453-1462]. The Accession numbers
in the GenBank sequence database (URL site address
http://www.ncbi.nlm.nih.gov/Genbank) for the entire
E.coli genome is NC__000913 and that for the genomic
segment carrying both yggA and argP is AE000375.
The argP gene is annotated as iciA in the sequence
deposition of AE000375.

EXAMPLES
Example 1

Cloning of E. coli yggA Gene in pBR329

[0065] The multicopy yggA™ plasmid pHYD952 was con-
structed in three steps as follows. Starting from DNA of
lambda phage clone 472 from the ordered lambda phage
library of the E. coli genome described in the reference of
Kohara et al (1987) cited above, a 3.8-kb EcoRI fragment
carrying the yggA™ gene was eluted from an agarose gel
piece following agarose gel electrophoresis. The 3.8-kb
fragment was then cloned into the EcoRI site of plasmid
vector pBluescript-IKS to generate the Amp® plasmid
pHYD944. In the second step, pHYD944 was digested with
HindIIT and Pstl to release a 1.2-kb fragment with yggA®,
which was eluted from an agarose gel piece following
agarose gel electrophoresis and then cloned into the HindIII
and Pstl sites of plasmid vector pBluescript-IIKS to generate
the Amp™ plasmid pHYD95 1. In the third step, pHYD951
was digested with BamHI and HindIII to release the same
1.2-kb fragment carrying the yggA™* gene along with a small
region of the multiple-cloning-site region of pBluescript-
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[IKS. The 1.2-kb BamHI-HindIII fragment was purified
from an agarose gel piece following agarose gel electro-
phoresis and then cloned into the BamHI and HindIII sites
of plasmid vector pBR329 to generate the Amp® Cm™
plasmid pHYD952.

[0066] To confirm that the plasmid pHYD952 contains the
yggA* sequence, a yggA:: Tn10dTet strain GJ4822 (wherein
the functional chromosomal copy is disrupted by the inser-
tion of the transposon Tn10dTet) was separately transformed
either with plasmid vector pBR329 or with plasmid
pHYDY52, and one resultant Amp™ colony from each trans-
formation experiment was tested for its ability to grow on a
glucose-minimal A plate supplemented with Amp and cana-
vanine at 20 micrograms/ml. After incubation at 37° C. for
24 hours, it was observed that the transformant colony with
pCL1920 had not grown whereas that with pHYD952 had
grown well, indicating that the 1.2-kb DNA sequence carried
by pHYD952 was able to complement the yggA:: Tn10dTet
mutation in GJ4822.

[0067] When growth of a MC4100 derivative transformed
with plasmid pHYD952 was compared with that of a
MC4100 derivative transformed with plasmid pBR329 on a
glucose-minimal A agar plate supplemented with Amp, 40
micrograms/ml of uracil, and 65 micrograms/ml of canava-
nine, the former but not the latter exhibited growth on the
plate following an incubation at 37° C. for 24 hours.

Example 2

Cloning of E. coli argP Gene in pCL1920

[0068] The argP™ gene was cloned into plasmid vector
pCL1920 in two steps as follows. Starting from DNA of
lambda phage clone 471 from the ordered lambda phage
library of the F. coli genome described in the reference of
Kohara et al (1987) cited above, a 2.9-kb BamHI-Kpnl
fragment carrying the argP* gene was eluted from an aga-
rose gel piece following agarose gel electrophoresis. This
fragment was then cloned into BamHI-Kpnl digested plas-
mid vector pCL1920 to generate a recombinant plasmid,
pHYD913. In the next step, pHYD913 was digested with
Sall to release a 1.86-kb chromosomal fragment, which was
expected to carry the argP* gene along with its promoter
sequence; the 1.86-kb Sall fragment was eluted from an
agarose gel piece following agarose gel electrophoresis and
cloned into the Sall site of plasmid vector pCL1920 to
generate the recombinant plasmids pHYD914 and
pHYD915. The orientation, with respect to the plasmid
vector sequence, of the 1.86-kb Sall chromosomal insert
fragment in plasmid pHYD915 is such that the Xbal and Pstl
sites of the vector that flank the Sall cloning site are situated
towards the promoter-proximal and promoter-distal ends,
respectively, of the argP gene, and the reverse is the case for
plasmid pHYD914.

[0069] The authenticity of the plasmids pHYD914 and
pHYD915 was checked by testing the ability of each to
complement an argP202::Kan strain GJ4536 (whose chro-
mosomal argP gene has been rendered non-functional due to
a transposon insertion) for growth on a glucose-minimal A
plate containing canavanine. Plasmids pCL1920, pHYD914,
and pHYDO915 were separately introduced into GJ4536 by
transformation as described in the reference of Sambrook et
al (1989) cited above and selection for Sp™ colonies. Asingle
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colony each of GJ4536/pCL1920, GJ4536/pHYD914 and
GJ4536/pHYD915 was picked from the transformation
plates, and streaked on a glucose-minimal A plate supple-
mented with Sp and canavanine at 20 micrograms/ml; the
plate was incubated at 37° C. after 24 hours. The plasmids
pHYDO914 and pHYD915, but not the plasmid vector
pCL1920, conferred on strain GJ4536 the ability to grow on
the canavanine-supplemented medium, indicating that both
plasmids pHYD914 and pHYD915contain the wild type
argP™ sequence.

Example 3

Obtaining Canavanine-Resistance-Conferring
Mutations in argP

[0070] An N-methy!-N'-nitro-N-nitrosoguanidine
(MNNG) mutagenesis approach was taken to isolate plas-
mid-borne canavanine-resistance-conferring argP alleles.
The method followed for MNNG mutagenesis was as
described in the reference of Miller (1992) cited above. An
overnight culture of strain MC4100/pHYD915 grown in LB
supplemented with Sp was diluted 50-fold in 10 ml of LB
supplemented with Sp in a 150-ml Erlenmeyer flask and
grown at 37° C. to a culture optical density (at 600 nm) of
0.6. Cells from five ml of the culture were recovered by
bench-top centrifugation, washed twice with an equal vol-
ume of 0.1 M citrate buffer (pH 5.5), and resuspended in the
same volume of 0.1 M citrate buffer (pH 5.5). MNNG was
prepared fresh as a 1 mg/ml stock solution in 0.1 M citrate
buffer (pH 5.5) and added to cells at a final concentration of
50 micrograms/ml. The mixture was incubated for 30 min-
utes at 37° C., followed by washing twice with 0.1 M
phosphate buffer (pH 7.0). The cells were finally resus-
pended and grown overnight at 37° C. in 20 ml of LB
supplemented with Sp in a 150-ml Erlenmeyer flask. The
surviving fraction of the cells after MNNG treatment (and
prior to amplification by overnight culture) was measured
and determined to be about 10%.

[0071] Plasmid DNA was isolated from the overnight
amplified culture of the population of mutagenized cells and
used for transformation into the argP::Kan null strain
(J4536, with a selection for Sp® colonies on LB medium
supplemented with Sp. The Sp® colonies thus obtained were
then purified on glucose-minimal A medium supplemented
with Sp, and then tested for growth on glucose-minimal A
plates supplemented with Sp, 40 micrograms/ml of uracil
and 65 micrograms/ml of canavanine; growth on these plates
was scored after incubation at 37° C. for 24 hours.

[0072] From approximately 800 colonies screened, seven
mutants were obtained that were able to grow on the uracil-
and canavanine-supplemented plates. In order to confirm
that the canavanine-resistance phenotype was plasmid-
borne, plasmid DNA was isolated from each of the seven
canavanine-resistance mutants and transformed again into
GJ4536 by selecting for Sp® colonies on LB medium supple-
mented with Sp. Eight to ten Sp® colonies from each
transformation were purified on glucose-minimal A plates
supplemented with Sp and then tested as described above for
growth on glucose-minimal A plates supplemented with Sp,
40 micrograms/ml uracil and 65 micrograms/ml of canava-
nine, and incubation at 37° C. for 24 hours. The results
showed that all the colonies in each case grew better than the
control GJ4536/pHYD915, indicating that the plasmids con-
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fer a canavanine-resistance phenotype. The seven plasmids
carrying canavanine-resistance-conferring mutations were
designated from pHYD926 through pHYD932.

[0073] To determine whether the canavanine-resistance-
conferring mutations obtained in the above experiment were
recessive or dominant to the wild type argP* allele, plasmids
pHYD926 through pHYD932 were separately introduced
into MC4100 (that is chromosomally argP*) by transforma-
tion with selection for Sp® on LB medium supplemented
with Sp at 37° C. The resultant Sp® colonies were tested
along with the MC4100/pHYD915 as the control strain, for
the canavanine-resistance phenotype as described above, by
streaking on glucose-minimal A plates supplemented with
Sp, 40 micrograms/ml of uracil and 65 micrograms/ml of
canavanine, and incubation at 37° C. for 24 hours. MC4100
derivatives carrying six of the seven plasmids, namely
pHYD926 through pHYD930 and pHYD932, were able to
grow on the uracil-and canavanine-supplemented medium
whereas MC4100/pHYD931 and MC4100/pHYD915 were
unable to grow on the medium. Based on these results, it was
concluded that the canavanine-resistance-conferring muta-
tion in each of the plasmids pHYD926 through pHYD930
and pHYD932 is dominant to argP* whereas that in
pHYD931 is recessive to argP*.

[0074] To molecularly characterize the canavanine-resis-
tance-conferring mutation in each of the plasmids, sequenc-
ing of the argP gene on the plasmids was undertaken by
standard methods with the aid of (i) two primers internal to
the 1.86-kb Sall fragment of the argP gene having SEQ ID
NO:1 and SEQ ID NO: 2 [ARGP1, SEQ ID NO: 1 (5-
GGGCGCGAACTCGCTGAGCGA-3") and ARGP2 SEQ
ID NO: 2 (5-GAGCAAGTTGTACGAACGCTT -3Y] and
(i) the M13 pUC sequencing primer (-20) having SEQ ID
NO: 3 [5-GTAAAACGACGGCCAGT-3"Jand M13/pUC
reverse sequencing primer (-24) having SEQ ID NO: 4
[5'-AACAGCTATGACCATG-3'] that are able to read from
the multiple-cloning-site region in the vector pCL1920. The
sequencing results indicated that each of the seven plasmids
harbored a GC-to-AT missense mutation at a different site in
argP which was deduced to result in a single amino acid
residue alteration in the encoded protein, as described in
Table 2.

TABLE 2

Mutated codon  Codon sequence

Plasmid number in argP alteration Amino acid alteration
pHYD926 94 TCA-to-TTA  Serine-to-Leucine
pHYD927 108 CCT-to-TCT  Proline-to-Serine
pHYD928 144 GTG-to-ATG  Valine-to-Methionine
pHYD929 217 CCC-to-CTC  Proline-to-Leucine
pHYD930 294 CTTto-TIT  Leucine-to-Phenylalanine
pHYD931 295 CGTto-TGT  Arginine-to-Cysteine
pHYD932 68 GCA-to-GTA  Alanine-to-Valine

Example 4

Cloning of Canavanine-Resistance-Conferring argP
Mutant Allele from pHYD926 into Plasmid Vector
pBR329

[0075] The argP mutant allele from plasmid pHYD926
was subcloned into the multicopy plasmid vector pBR329 as
follows. Plasmid pHYD926 was digested with Sall to
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release a 1.8-kb fragment, which was purified from an
agarose gel piece following agarose gel electrophoresis.
This fragment was cloned into the Sall site of pBR329 to
generate plasmid pHYD953, transformants of which were
selected as Amp™ colonies. The orientation of the 1.8-kb
argP-bearing Sall fragment in plasmid pHYD953 is such
that the direction of argP transcription on the plasmid is
opposite to that of transcription from the pBR329 vector-
derived tet promoter on the plasmid.

[0076] When growth of a MC4100 transformed with plas-
mid pHYD953 was compared with that of a MC4100
derivative transformed with plasmid pBR329 on a glucose-
minimal A agar plate supplemented with Amp, 40 micro-
grams/ml of uracil, and 65 micrograms/ml of canavanine,
the former but not the latter exhibited growth on the plate
following an incubation at 37° C. for 24 hours.

Example 5

Demonstration of Increased Arginine Production in
argR Strains with Multicopy yggA* or with a
Canavanine-Resistance-Conferring Mutation in argP

[0077] That argR strains (derepressed for arginine biosyn-
thesis) either with multicopy yggA™ or with the argP-S94L
allele exhibit substantially increased arginine production
was demonstrated in an experiment wherein the ability of
these strains to support syntrophic growth of an arginine
auxotroph was tested. A pBR329 transformant derivative of
the delta argH strain SK2226 was used as the arginine-
auxotrophic indicator strain in the experiment. An overnight
culture of the strain SK2226/pBR329 grown in LB supple-
mented with Amp was diluted in LB and 200 microlitres of
the 1:1000 dilution (corresponding to approximately 10°
cells) was added to 40 ml of glucose minimal A-agar
medium supplemented with proline, tryptophan, histidine
(that is, with all auxotrophic requirements of SK2226 other
than arginine), 1 microgram/ml of tetrazolium chloride, and
Amp, when the temperature of the medium was around 40°
C.; the agar medium was then poured into two 85 mm sterile
petri dishes (20 ml per dish) and allowed to solidify at room
temperature. Each of the agar plates was demarcated into
three equal sectors and in the centre of each sector a test
colony was spotted as specified below.

[0078] Strains MC4100 (which is argR™) and GJ4748
(which is argR) were transformed separately with each of the
plasmids pBR329, pHYD952, or pHYD953 with selection
in all cases for Amp® colonies. The transformant colony
derivatives of GJ4748/pBR329, GJ4748/pHYD952, and
GJ4748/pHYD953 were spotted with sterile toothpicks as
test colonies in the three sectors on the surface of one of the
agar plates prepared as above, and the colonies of MC4100/
pBR329, MC4100/pHYD952, and MC4100/pHYD953
were similarly spotted as the test clonies in the three sectors
on the surface of the second agar plate; the plates were
incubated at 37° C. After 12 hours of incubation, there was
a prominent red halo caused by the syntrophic growth of
SK2226/pBR329 microcolonies only around the spots of
GJ4748/pHYD952 and GJ4748/pHYD953, indicative of
substantially increased arginine production by these two
strains in comparison with the other four strains. After 40
hours of incubation, GJ4748/pBR329 also exhibited a red
halo of syntrophic growth of SK2226/pBR329 whereas the
other three strain derivatives did not exhibit any such halo of
growth of the indicator strain.
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Example 6

Increased yggA Transcription in Strain with
Canavanine-Resistance-Conferring argP Mutation

[0079] For monitoring of yggA transcription in vivo, a
single-copy-number plasmid pHYD956 with a yggA-lac
operon fusion was constructed in two steps as follows. In the
first step, plasmid pHYD951 (described in example 1) was
digested with HindIII and Pvull to release a 1.1-kb fragment
carrying the yggA transcriptional regulatory region and all
but the 3'-end region of the yggA structural gene, and this
fragment was eluted from an agarose gel piece following
agarose gel electrophoresis. The fragment was cloned into
the plasmid vector pBluescript-IIKS that had been digested
with Pst] and EcoRV, to generate the Amp® plasmid
pHYD954. In the second step, plasmid pHYD954 was
digested with Pstl and HindIII to release the same 1.1-kb
fragment along with a small region of the multiple-cloning-
site region of pBluescript-IIKS. The 1.1-kb PstI-HindIII
fragment was purified from an agarose gel piece following
agarose gel electrophoresis and cloned into the plasmid
vector pMUS75 that had been digested with Pstl and Hin-
dIll, to generate the Tp® plasmid pHYD956. Plasmid
pMUS575 has been described in Andrews et al [J. Bacteriol.
(1991) 173: 5068-5078] and is a single-copy-number plas-
mid vector encoding Tp® which carries a promoter-less lacZ
gene upstream of which promoter fragments can be cloned
to generate promoter-lac operon fusions. Plasmid pHYD956
accordingly carries the yggA transcription-regulatory region
cloned upstream of the lacZ gene of the pMUS75 vector.

[0080] Plasmid pHYD956 was introduced by transforma-
tion into strains MC4100 and GJ4748 with selection for Tp®
colonies, and into strain MC4100/pHYD926 with selection
for Sp® Tp® colonies. One pHYD956 transformant each of
the three strains was then grown at 37° C. in glucose-
minimal A media with the appropriate antibiotics and addi-
tionally without, or with, supplementation with 1 mM argi-
nine or 1 mM lysine, for determination of beta-galactosidase
specific activities as described in the reference of Miller
(1992) cited above. The results are tabulated in Table 3.

TABLE 3

Beta-galactosidase specific activity (units)
in medium with

Nil 1 mM arginine 1 mM lysine
MC4100/pHYD956 20 66 14
GJ4748/pHYD956 217 424 29
MC4100/pHYD926/ 1557 1514 1616

pHYD956

[0081]  The results indicated that yggA transcription
is induced by arginine in strain MC4100 and by the
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argR mutation of GJ4748, and that it is very low in both
MC4100 and GJ4748 in the presence of lysine. Fur-
thermore, the canavanine-resistance-conferring muta-
tion in argP present in the MC4100/,pHYD926 deriva-
tive was associated with high and constitutive yggA
transcription.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1
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—continued

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer was synthesised for use.

<400> SEQUENCE: 1

gggcgcgaac tcgctgageg a

<210> SEQ ID NO 2

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer was synthesised for use.

<400> SEQUENCE: 2

gagcaagttg tacgaacgct t

<210> SEQ ID NO 3

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer was synthesised for use

<400> SEQUENCE: 3

gtaaaacgac ggccagt

<210> SEQ ID NO 4

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: primer synthesised in lab.

<400> SEQUENCE: 4

aacagctatg accatg

21

21

17

16

We claim:
1. A process for production of arginine in bacterial cul-
tures, the said process comprising the steps of:

a) growing a first strain of a bacterium, the said first strain
bearing at least two genetic manipulations comprising:

(i) a first manipulation for increased arginine biosynthe-
sis, the said first manipulation being defined as that
which, when undertaken in a second otherwise wild-
type strain of the said bacterium, is by itself associated
with the phenotypes of canavanine resistance and the
ability to support increased syntrophic growth of an
arginine auxotroph, and

(11) a second manipulation for increased level of either the
Escherichia coli protein YggA or a protein that is
substantially similar in its amino acid sequence to
Escherichia coli YggA, the said second manipulation
being defined as that which, when undertaken in a
second otherwise wild-type strain of the said bacte-
rium, is by itself associated with the phenotype of
canavanine resistance; and

b) then recovering, by known methods, arginine from the
culture medium of the aid first bacterial strain.

2. The process as claimed in claim 1, wherein the first and
second bacterial strains are derivatives of Escherichia coli.

3. The process as claimed in claim 1, wherein the second
genetic manipulation is associated with increased expression
of the Escherichia coli yggA gene.

4. The process as claimed in claim 3, wherein the second
genetic manipulation comprises introduction of the Escheri-
chia coli yggA gene in a plasmid.

5. The process as claimed in claim 1, wherein the second
genetic manipulation comprises a canavanine-resistance-
conferring alteration in the Escherichia coli argP gene.

6. The process of claim 5, wherein the alteration in the
argP gene comprises mutations either at codon positions 94,
108, 144, 217, 294, 295 or 68 of the Escherichia coli argP
gene.

7. The process of claim 5, wherein the alteration in the
argP gene comprises a leucine-encoding codon at codon
position 94 of the Escherichia coli argP gene.

8. The process as claimed in claim 7, wherein the alter-
ation in argP is present on a plasmid.

9. The process of claim 8, wherein the plasmid is
pHYD953 that is obtainable from the bacterium having the
accession number MTCC 5128.



US 2005/0282258 A1l

10. The process of claim 4, wherein the plasmid is
pHYD952 that is obtainable from the bacterium having the
accession number MTCC 5127.

11. The process of claim 1, wherein the first genetic
manipulation comprises a canavanine-resistance-conferring
mutation in the argR gene.

12. A genetically manipulated bacterial strain comprising
of at least two genetically manipulated genes wherein the
first manipulated gene confers increased arginine biosynthe-
sis and the second manipulated gene confers increased level
of either the E. coli protein YggA or a protein having an
amino acid sequence that is substantially the same as that of
E. coli YggA.

13. A genetically manipulated strain as in claim 12,
wherein the strain is a derivative of Escherichia coli.

14. A genetically manipulated bacterial strain as in claim
13, wherein the first genetic manipulated gene comprises a
canavanine-resistance-conferring mutation in the argR gene
and the second genetic manipulated gene comprises a cloned
E. coli yggA gene on a plasmid.

15. A genetically manipulated bacterial strain as in claim
13, wherein the first genetic manipulated gene comprises a
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canavanine-resistance-conferring mutation in the argR gene
and the second genetic manipulated gene comprises a cana-
vanine-resistance conferring mutation in the Ecoli argP
gene.

16. A genetically manipulated strain as in claim 15,
wherein the alteration in the argP gene comprises a leucine-
encoding codon at codon position 94 of the Escherichia coli
argP gene.

17. A genetically manipulated strain as in claim 16,
wherein the alteration in argP is present on a plasmid.

18. A genetically manipulated strain as in claim 17,
wherein the plasmid is pHYD953 obtained from a bacterium
having the accession number MTCC 5128.

19. A genetically manipulated strain as in claim 14,
wherein the plasmid is pHYD952, obtained from a bacte-
rium having the accession number MTCC 5127.

20. Bacterial strains having the accession number MTCC
5127 and MTCC 5128.
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