
EP 0 38 470 B1 Description The present invention relates to recombinant-DNA
methods for the production of various sugar nucleotides, which sugar
moieties may be subsequently incorporated, also using recombinant-DNA meth-
5  ods, into microbially-produced polysaccharides. It has long been known
that certain microorganisms are capable of producing various
industrially-useful polysaccharides. As a precedent to polysaccharide
biosynthesis, these microorganisms must have a source of sugar nucleotides
to construct the polysaccharides. In the case of Xanthomonas campestris, a
microor- ganism capable of producing xanthan gum, it has been found that
the sugar nucleotides UDP-glucose, 10  GDP-mannose and UDP-glucuronic acid
are all direct precursors in the biosynthetic pathway. Thus, in elucidating
the pathway for xanthan biosynthesis, the present inventors have discovered
the DNA se- quences responsible for sugar nucleotide synthesis in X.
campestris and have developed recombinant-DNA methods for the production of
these sugar nucleotides in both Xanthomonas sp. and alternate hosts. The
development of these methods for increasing sugar nucleotide production in
Xanthomonas sp. is  naturally capable of producing xanthan gum should
enable increased production of this polysaccharide by these organisms. It
has been found that, although there are detectable levels of the sugar
nucleotide precursors in these organisms, these levels are low. It has also
been noted that in Xanthomonas organisms, wherein there is a mutation in
the portion of the biosynthetic pathway responsible for polysaccharide
assembly, the intracellular quantities of these sugar nucleotide precursors
increase two- to seven-fold. Thus, 20  it is believed that a rate-limiting
step in natural xanthan production might be the sugar nucleotide precursor
concentration and that the intracellular sugar nucleotide concentration can
be increased by introduction of additional DNA sequences capable of
directing sugar nucleotide production. It has also been found that certain
microorganisms which may be deemed desirable as alternate hosts for use in
recombinant-DNA methods for the production of xanthan gum, generally either
do not produce 25 the required sugar nucleotide precursors or do not
produce them in sufficient quantities to allow for xanthan production. In
these methods, it is therefore necessary to induce the alternate host to
produce the required sugar nucleotide precursors in addition to expressing
the xanthan biosynthetic genes. The instant invention in part provides such
a method. Moreover, the present method may be used to induce sugar
nucleotide production where the sugars 30 are intended to be incorporated
into polysaccharides other than xanthan. For example, various other gums
have been identified which are altered versions of xanthan which require
some or all of the instant sugar nucleotides as biosynthetic precursors.
These gums include the polytrimer gum described in United States Patent
US-A-4 713 449 of Vanderslice et al. entitled "A Polysaccharide Polymer
Made by Xanthomonas" filed August 6, 1985. 35    In addition, it is
contemplated that the recombinant-DNA methods for producing sugar
nucleotides disclosed herein may be used for the production of certain
polysaccharides of interest in part as medicinal or pharmaceutical
preparations. For example, the polysaccharide colonic acid, produced by E.
coli, is contemplated as a potential synthetic antigen useful for
vaccination purposes. It is believed that production of colonic acid would
be initiated or enhanced by the increased microbial production of the
precursor sugar 40  nucleotides. Introduction of the DNA sequences into
other microbial species may also enhance production of sugar nucleotides
directed by such sequences since normal regulatory mechanisms controlling
expression and activity may not be effective with foreign DNA or enzymes.
In addition, many antibiotics, for instance the general class of macrolide
antibiotics produced by Streptomyces species, have sugar moieties derived
from 45  sugar nucleotide precursors. The recombinant DNA methods for
producing sugar nucleotides could be applied to such organisms increasing
the availability of precursors essential for biosynthesis of the
antibiotics. SUMMARY OF INVENTION 50 One object of the present invention is
to provide a method for the recombinant-DNA mediated production of sugar
nucleotides. It is contemplated that these sugar nucleotides may be used in
the in vivo synthesis of various polysaccharides, particularly in the
synthesis of xanthan and novel polysaccharides 



structually related to xanthan described more fully in WO-A-87 05 939 of
Doherty et al. entitled "Family of 55 Xanthan-Based Polysaccharide Polymers
Including Non-Acetylated and/or Non-Pyruvylated Gum and Ac- etylated or
Non-Acetylated Polytetramer Gurn". Whereas only complementary DNA to a
UDP-glucose enzyme is shown in Fischel et al, Developmental Biol. Vol. 110,
1985 pages 369-381. 3    EP 0 380 4:70 B1 To facilitate the recombinant-DNA
mediated synthesis of these sugar nucleotides, it is a further object of
the present invention to provide vectors containing these portable
sequences. These vectors are capable of being used in the recombinant
systems to produce quantities of the sugar nucleotides sufficient to create
microbially-produced polysaccharides. 5     Additional objects and
advantages of the invention will be set forth in part in the description or
may be learned from practice of the invention. The objects and advantages
may be realized and attained by means of the instrumentalities and
combinations particularly pointed out in the appended claims. To achieve
the objects and in accordance with the purposes of the present invention,
methods for the production of sugar nucleotides are set forth. The sugar
moieties of such sugar nucleotides may be 10 incorporated. The portable DNA
sequences may be either synthetic sequences or restriction fragments
("natural" DNA sequences). In a preferred embodiment, portable DNA
sequences are isolated from an X. campestris library and are capable, when
transferred into an alternative host, of directing the production of at
least one sugar nucleotide. 15     Additionally to achieve the objects and
in accordance with the purposes of the present invention, a recombinant-DNA
mediated method is disclosed which results in microbial manufacture of
sugar nucleotides which can be used to produce xanthan gum and other
polysaccharides using the portable DNA sequences referred to above. This
recombinant DNA method comprises: a)preparation of at least one portable
DNA sequence capable of directing an alternate host microorgan- 20   ism to
produce at least one sugar nucleotide; b)cloning the portable DNA sequence
into a vector capable of being transferred into and replicating in a host
microorganism, such vector containing elements for expression of the
portable DNA sequence encoding the biosynthetic enzymes; c)transferring the
vector containing the portable DNA sequence into a host microorganism
capable of 25    producing the biosynthetic enzymes for sugar nucleotide
synthesis under the direction of the portable DNA sequence; d)culturing the
host microorganism under conditions appropriate for maintenance of the
vector and synthesis of the sugar nucleotides; and optionally e)harvesting
the sugar nucleotides. 30     To further accomplish the objects and in
further accordance with the purposes of the present invention, a series of
plasmids are provided, each of which contains at least one of the portable
DNA sequences discussed above. In particular, plasmids pAS7, pAS9, and
pTS13 are disclosed. In addition, a mutant strain of X. campestris, strain
X872, is provided which is deficient in phosphoglucomutase. Xanthomonas
campestris strain X872 has been deposited on March 21, 1986 in the American
Type Culture Collection 35  (ATCC), Rockville, Maryland, under Accession
No. 53471. E. coli LE392(pAS9); bearing plasmid pAS9, E. coli LE392(pAS7),
bearing plasmid pAS7; and E. coli LE392(pTS13), bearing plasmid pTS13, have
been deposited on March 21, 1986 in the ATCC under Accession Nos. 67050,
67048 and 67047, respectively. It is to be understood that both the
foregoing general description and the following detailed description are
exemplary and explanatory only and are not restrictive of the invention, as
claimed. The accompanying 40 drawings, which are incorporated in and
constitute a part of this specification, illustrate various embodi- ments
of the invention and, together with the description, serve to explain the
principles of the invention. BRIEF DESCRIPTION OF THE DRAWINGS 45
Figure 1 is a depiction of the biosynthetic pathways for the synthesis of
UDP-glucose, UDP-glucuronate 



and GDP-mannose. Figure 2 depicts the separation of UDP-glucose,
GDP-mannose, UDP-galacturonic acid, and UDP- glucuronic acid in a standard
mixture by high performance liquid chromatography. UDP-N-acetyl-
glucosamine served as an internal standard. Ultra-violet spectra from 240
to 300 nm are shown for each 50  compound. Figure 3 depicts a chromatogram
of a cell extract from strain X872, representative of mutants which are
missing UDP-glucose, UDP-glucuronic acid, and UDP-galacturonic acid (class
1). Spectra of peaks eluting in the regions of interest are shown for
comparison with those in Figure 2. Figure 4 depicts a chromatogram of a
cell extract from strain X869, representative of mutants which are 55
missing GDP-mannose (class 2). Spectra of peaks eluting in the regions of
interest are shown for comparison with those in Figure 2. Figure 5 depicts
a chromatogram of a cell extract from strain X871, representative of
mutants which are missing UDP-glucuronic acid and UDP-galacturonic acid
(class 3). Spectra of peaks eluting in the regions of 4    EP 0 380 470 B1
interest are shown for comparison with those in Figure 2. Figure 6 depicts
a chromatogram of cell extract X866, representative of mutants which are
missing UDP-glucose, GDP-mannose, UDP-glucuronic acid and UDP-galacturonic
acid (class 4). Spectra of peaks eluting in the regions of interest are
shown for comparison with those in Figure 2. 5     Figure 7 shows the steps
in the construction of plasmid pTS13, which complements the defect
preventing synthesis of UDP-glucose and UDP-glucuronic acid in mutant X649
(class 1). Figure 8 shows the steps in the construction of plasmid pAS9,
which complements the defect preventing synthesis of UDP-glucuronic acid in
mutant X736 (class 3). Figure 9 shows the steps in the construction of
plasmid pAS7, which complements defects preventing 10   the synthesis of
UDP-glucose, GDP-mannose and UDP-glucuronic acid in mutant X652 (class 4),
and defects preventing the synthesis of GDP-mannose in mutants X711 and
X712 (class 2). Figure 10 depicts a chromatogram of a cell extract from
Paracoccus denitrificans, showing the presence of UDP-glucose and
GDP-mannose, but not UDP-glucuronic acid. Figure 11 depicts spectra
verifying the identification of UDP-glucose and other uridine-containing 15
compounds in the cell extract of Paracoccus denitrificans shown in Figure
10. Figure 12 depicts spectra verifying the identification of GDP-mannose
in the cell extract of Paracoccus denitrificans shown in Figure 10, and
indicating that late-eluting compounds observed in the figure are
adenosine-containing compounds. 20 DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS The present invention relates generally to the synthesis, using
recombinant-DNA methods, of various sugar nucleotides. The following
detailed description uses, by way of example, a description of the
production of UDP-glucose, GDP-mannose and UDP-glucuronic acid useful in
part in the production of 25 xanthan gum and variants thereof. The sugar
nucleotides UDP-glucose, GDP-mannose and UDP-glucuronic acid are direct
precursors in the biosynthetic pathway for xanthan gum. Addition of all of
these compounds is required to detect in vitro xanthan biosynthesis as
described by Vanderslice et al., supra, specifically incorporated herein by
reference. Because of the specificity of sugar transferases, other sugar
nucleotides such as ADP-glucose 30 cannot serve as precursors to xanthan.
The pathways for synthesis of the three required sugar nucleotides in X.
campestris are presented in Figure 1. Xanthomonas campestris does not have
detectable concentra- tions of UDP-galactose, so that the
glucose-1-phosphate-UDP-galactose uridyl transferase reaction ob- served in
other bacteria such as E. coli cannot occur. Mutant strains of X
campestris, unable to make xanthan gum in vivo (Gum- strains), can be
divided into 35 two classes, based on the ability of cell lysates to
synthesize xanthan in vitro when supplied with UDP- glucose, GDP-mannose
and UDP-glucuronic acid. Mutants unable to make xanthan in vitro are
defective in 



the xanthan biosynthetic machinery (sugar transferases and polymerase).
Those able to make xanthan in vitro when supplied with exogenous substrates
are deficient in the ability to make the required precursors in vivo. Some
of this second class of mutants include those defective in glucose
transport and metabolism 40 itself, where the rate of xanthan synthesis is
very low. Others, described below, have the normal complement of catabolic
enzymes, but are lacking enzymes required to synthesize one or more of the
sugar nucleotides themselves. Such mutants have been obtained by picking
Gum- colonies after transposon mutagenesis of X. campestris and analyzing
in vitro xanthan biosynthesis in the presence of added UDP-glucose, GDP- 45
mannose, and UDP-glucuronic acid. The specific sugar nucleotide defects
have been identified in vivo by extraction of the sugar nucleotides and
analysis of extracts using high performance liquid chromatography
procedures. Four mutant classes have been identified. These include those
defective in synthesis of UDP- glucose, UDP-glucuronic acid and other sugar
nucleotides derived from these compounds; 2) those defective in synthesis
of GDP-mannose and related compounds; 3) those defective in synthesis of
UDP- 50 glucuronate and related compounds, but not UDP-glucose; and 4)
those defective in synthesis of UDP- glucose, UDP-glucuronic acid,
GDP-mannose, and related compounds. Mutant class 3 is clearly defective in
UDP-glucose dehydrogenase, since conversion of UDP-glucose to
UDP-glucuronic acid is a single step process. The other mutant classes have
been characterized by analysis of in vitro enzyme activities required for
sugar nucleotide biosynthesis. 55     Glucose-6-phosphate and
fructose-6-phosphate are key intermediates in microbial metabolism. The
pathway from fructose-6-phosphate to UDP-N-acetyl glucosamine is common to
Gram negative and Gram positive bacteria. UDP-N-acetyl glucosamine is an
essential precursor of peptidoglycan in the cell wall. The two
pyrophosphorylases depicted as 4 and 12 in Fig. 1, are the committed steps
in biosynthesis of UDP- 5    EP 0 380 470 B1 glucose and GDP-mannose; in
other organisms glucose-1-phosphate can react with other nucleotide
triphosphates to form other sugar nucleotides, e.g., ADP-glucose and
TDP-glucose. In the UDP-glucose pathway, the gene for UDP-glucose
pyrophosphorylase, as described in Example 4 has been isolated. Mutations
in this gene prevent synthesis not only of UDP-glucose but also of the
other sugar nucleotides 5   derived from it, viz. UDP-glucuronic acid and
UDP-galacturonic acid. The gene for UDP-glucose de- hydrogenase (enzyme 5)
has also been isolated as set forth in Example 5. Mutations in this gene
prevent synthesis of UDP-glucuronic acid and sugar nucleotides derived from
it, viz. UDP-galacturonic acid. Such polar effects consequently disrupt not
only xanthan biosynthesis but also lipopolysaccharide synthesis in X.
campestris by disrupting the supply of sugar nucleotides for that process.
10    In addition, mutants deficient in the synthesis of GDP-mannose have
been found. These mutants grow normally on mannose, and so possess enzyme
2, phosphomannose isomerase, an enzyme commonly found in bacteria.
Consequently, they must be deficient in enzymes 11 and/or 12 as described
in Example 9. Cross-hybridization mapping and restriction maps indicate
these mutations occur in at least two separable sites within the X.
campestris chromosome. A plasmid has been developed which promotes 15
synthesis of GDP-mannose when inserted into these mutants. The details of
this plasmid are set forth in Example 6. In addition, this plasmid
complements the Gum- defect of a mutant unable to make phosphoglucomutase
(pgm) as well as GDP-mannose. This mutation may be in a regulatory gene
controlling expression of pgm or it may be in the pgm structural gene
itself. Another mutant, X872, defective only in phosphoglucomutase, has
been found. By the procedures 20 described herein, one of ordinary skill in
the art, in light of the current state of the applicable science, can
construct a plasmid carrying a wild-type copy of this gene. Thus, the genes
for the synthesis of the immediate xanthan precursors have been identified
by the present inventors. These genes include the genes for enzymes
required for synthesis of UDP-glucose, GDP-mannose and UDP-glucuronic acid.
Plasmids containing wild-type copies of the genes encoding the 25 enzymes
have been obtained from a genomic library constructed in the phage lambda.
[err] plasmid 



DNA of recombinant plasmids consisting of the vector RSF1010 carrying a
cloned DNA segment of chromosomal DNA from a transposon-induced sugar
nucleotide defective mutant has been identified. The cloned fragment
contains the transposon and flanking chromosomal DNA. Such recombinants are
readily isolated as described by Capage et al., supra. Three multicopy
broad host range plasmids have been 30  constructed using standard
techniques as described more fully in the Examples below. These plasmids,
pTS13, pAS7 and pAS9, contain DNA which complements strains from mutant
classes 1, 2, and 3, respectively, as described above. In addition, plasmid
pAS7 complements a mutant from class 4. None of these plasmids
cross-hybridize with DNA within or flanking the region containing the
xanthan biosynthetic genes themselves. Two different mutant loci have been
identified in plasmid pAS7 by cross-hybridization of 35 lambda phage,
restriction fragment analysis and genetic complementation. Construction of
the plasmids and additional information is provided in Figures 7 through 9,
discussed in more detail in the Examples below. Each plasmid, when inserted
into mutants in the appropriate complementation group, restores the ability
of the mutants to produce xanthan gum, as denoted by the mucoid appearance
of the resultant colonies. In addition, sugar nucleotides have been
examined in extracts from the complemented strains to insure that 40 the
plasmids have restored the missing biosynthetic ability. Plasmid pTS13 most
apparently carries the gene for UDP-glucose pyrophosphorylase, since mutant
X649 is unable to make UDP-glucose but has wild- type amounts of
phosphoglucomutase. Furthermore, plasmid pTS13 when inserted into mutants
derived from X649 confers the ability to make UDP-glucose pyrophosphorylase
(Example 8). The strain grows normally on glucose so it is not defective in
synthesis of glucose-6-phosphate, a key intermediate in 45 utilization of
glucose for growth. As noted above, there is an absolute requirement for
UDP-glucose, GDP-mannose and UDP-glucuronic acid in order for bacteria to
synthesize xanthan gum. Although modification of xanthan by acetylation and
pyruvylation, requiring acetylcoenzyme A and phosphoenolpyruvate,
respectively, as precursors, affects rheological properties of the gum,
acetylation or pyruvylation is not required for its biosynthesis. In
addition, 50 both of these latter precursors are essential components of
bacterial metabolism. UDP-glucose, GDP- mannose, and UDP-glucuronic acid
are common sugar nucleotides in certain bacteria, but not all bacteria have
them all or have them in quantities sufficient to support xanthan
synthesis. Expression of the xanthan biosynthetic pathway in organisms
other than X. campestris requires that the sugar nucleotide precursors are
synthesized in such alternative hosts, preferably at rates sufficient to
support economic production of 55 xanthan gum. Several alternative hosts
have been identified which have little or no UDP-glucuronic acid (See
Example 7). Insertion of DNA carrying the gene for UDP-glucose
dehydrogenase into such a strain would be essential to obtain xanthan
synthesis at a high rate. 6    EP 0 38Q 470 B1 The basic requirements for
expression of sugar nucleotide biosynthetic genes in alternative hosts are
similar to those in X. campestris mutants. The gene or genes required must
be inserted into the host in a fashion so that they can be stably
maintained, whether by integration into the chromosome or maintenance on a
plasmid. The gene construct must be such that the host will synthesize the
appropriate mRNA and 5  translate it into a functional protein, which
preferably will be relatively stable in the new host. In addition, the host
must be able to provide the substrates and cofactors required for synthesis
of the sugar nucleotide itself. Both high and low copy number plasmids
exist which have broad host ranges. Insertion of the appropriate sugar
nucleotide biosynthetic genes onto plasmids has already occurred.
Transformation or 10  conjugation can be used to introduce such plasmids
into alternative hosts in a fashion similar to that by which the plasmids
were transferred from E. coli to mutant X. campestris strains. These broad
host range plasmids generally will infect Gram negative bacteria. Shuttle
vectors exist by which the X. campestris genes can be transferred to Gram
positive bacteria, if desired. Insertion of the plasmids and maintenance
can be verified by standard procedures. 15     Expression of the genes in
alternative hosts can be monitored in several ways: the mRNA transcribed 



from the gene can be detected by hybridization; the protein itself can be
detected by immunoassay or functional assay; and the sugar nucleotide
previously missing can be identified by established chromatog- raphic
procedures. Analysis by one or several of these techniques, as required,
should permit adjustments in the gene construct to optimize expression. 20
The intracellular environment of alternative hosts will likely be similar
to that of X. campestris, particularly if similar external environments are
maintained--e.g. pH and temperature. It is known from in vivo studies with
X. campestris that xanthan biosynthesis takes place over a broad
temperature range, i.e., [err] to [err] though the rate is maximal between
[err] and [err]. Clearly, the enzymes responsible for synthesis of the
sugar nucleotide precursors must be functional within this range. Initial
analyses would be 25  conducted at [err] to [err]. It is to be understood
that broad application of the teachings of the present invention to the
production of specific sugar nucleotides in various hosts will be within
the capabilities of one having ordinary skill in the art in light of the
teachings contained herein. Thus, the following Examples are illustrative
only and are not restrictive of the invention, as claimed. 30 Example 1
This example discusses the specific sugar nucleotide defects identified in
various X. campestris strains that are Gum- in vivo. 35     The initial
collection of mutants defective in sugar nucleotide synthesis was obtained
from X. campestris strains unable to make xanthan in vivo after transposon
mutagenesis, as described in Capage et al., supra. Several Gum- strains
were able to make xanthan in vitro when supplied with the sugar nucleotides
UDP- glucose, GDP-mannose, and UDP-glucuronic acid. These mutants were
defective in sugar nucleotide synthesis, rather than biosynthesis of
xanthan itself. Subsequently, such mutants were found to be sensitive 40
to the dye toluidine blue. Additional sugar nucleotide mutants were
obtained by screening other Gum- strains for toluidine blue sensitivity.
These strains proved to be resistant to some virulent phage which killed
wild-type X. campestris and Gum- mutants defective in xanthan biosynthesis
itself. The following method was employed to identify the specific sugar
nucleotide defects in strains which were Gum + in vitro but Gum- in vivo.
An isolated colony from each strain was picked and inoculated into 45  10
ml YM broth (3 g yeast extract,3 g malt extract and 5 g peptone per liter)
with 2% glucose in a 125 ml Erlenmeyer flask. Cultures were incubated at
[err], 250 rpm, for 24 hours or until turbid. Five percent inocula were
transferred from YM broth into modified PACE medium (5 g [err] 0.2 g [err]
0.53 g [err] 0.006 g [err] 0.006 g [err] 0.003 g [err] and 0.02 g [err] per
liter, pH 7.0) with glucose as the carbon source and allowed to grow at
[err] for 24 hours. Cultures were 50  harvested by centrifugation, washed
twice with PACE salts, and resuspended in a volume of PACE sufficient to
give an absorbance at 600 nm of 100. Samples, 1.5 ml, were placed in 50 ml
Erlenmeyer flasks containing sufficient glucose to bring the concentration
to 20 mM. Each sample was incubated in a [err] water bath at 400 rpm for
ten minutes, then 1 ml was removed and added to 0.1 ml of 11 N formic acid
in an Eppendorf centrifuge tube. The tube was capped, the contents mixed
for 5 seconds on a vortex mixer, 55  then the tube was placed in a dry
ice-alcohol bath. After all samples had been processed, the tubes were
removed from the dry ice bath, thawed at room temperature, and centrifuged
for 5 minutes to pellet the cell debris. The supernatants were placed in
prechilled 15 ml conical centrifuge tubes and frozen in a dry ice- alcohol
bath again. Frozen samples were placed on a Iyophilizer and taken to
dryness. The contents of 7    EP 0 380 470 B1 each tube were dissolved in
0.2 ml HPLC buffer, composed of 40 mM phosphoric acid adjusted to pH 6.5
with triethylamine (Aldrich). Samples were filtered through 0.45 um filters
into microsample vials, then analyzed by injection onto a 4.6 mm x 250 mm
C18 reverse phase ion pair column, [err]. flow rate of 0.8 ml per minute.
Sugar nucleotides were identified by comparing retention times to those of
standards run 5  under the same conditions (Figure 2), and by examining the
spectra of compounds eluting in the region of 



interest. Four classes of sugar nucleotide mutants were identified using
this procedure: (1)mutants unable to synthesize UDP-glucose and
UDP-glucuronic acid; (2)mutants unable to synthesize GDP-mannose; 10
(3)mutants able to synthesize UDP-glucose but not UDP-glucuronic acid; and
(4)mutants unable to synthesize UDP-glucose, GDP-mannose, and
UDP-glucuronic acid. Representative chromatograms and spectra of standards
for each mutant class are shown in Figures 2 through 6. Mutants in classes
1, 3, and 4 also did not synthesize UDP-galacturonic acid, a X. campestris
lipopolysaccharide precursor. Based on these data, X. campestris must make
UDP-galacturonic acid from 15  UDP-glucuronic acid. Extracts from wild-type
strains of X. campestris had all of the sugar nucleotides required for
xanthan biosynthesis. Gum- mutants defective in the xanthan biosynthetic
pathway itself had higher concentrations of the precursor sugar nucleotides
than did wild-type cells as set forth in Table 1. 20
Table 1 Relative amounts of UDP-glucose, GDP-mannose, and UDP-glucuronic
acid in wild-type X. campestris and mutants deficient in the xanthan
biosynthetic enzymes themselves. 25
UDP-glucose       GDP-mannose    UDP-glucuronic acid X. campestris S4-L
1.0               1.0                1.0 X. campestris X648
2.5               4.7                2.0 X. campestris X655
3.5               5.4                1.9 X. campestris X705
4.2                7.1               2.0 30 These data indicate that the
rate of xanthan synthesis in wild-type cultures may be limited by the
supply of precursor sugar nucleotides. 35 Example 2 This example describes
phosphoglucomutase activity in X. campestris transposon-induced mutants
defective in sugar nucleotide synthesis. Cytoplasmic and membrane fractions
were prepared from the transposon mutants previously found to 40  be
defective in sugar nucleotide synthesis. Extracts of X. campestris S4-L,
NRRL, B1459, were also prepared to serve as positive controls. Cultures
were transferred from isolated colonies on plates to 5 ml YM broth with 1%
glucose and grown on a tube roller into stationary phase. Duplicate 500 ml
flasks containing 100 ml YT (8 g tryptone, 5 g yeast extract and 5 g NaCI
per liter) broth with 1% glucose were inoculated with 2 ml of culture and
placed on a shaker at 300 rpm in a 30 * C incubator. After 24 hours the 45
cultures were combined and centrifuged. The cell pellets were washed twice
in 100 ml phosphate-buffered saline, pH 7.2, then resuspended to 20% wet
weight to volume in 50 mM MOPS buffer, pH 7.2, containing 10 mM MgCk2. This
procedure was used to remove residual culture medium from the cells. The
cell suspensions were disrupted by passage twice through a French pressure
cell operated at 15,000 psi. Lysates were treated with DNAase to reduce
viscosity, then centrifuged at 2,500 x g to remove unbroken so  cells and
debris. The supernatants were carefully removed with a Pasteur pipette,
then separated into cytoplasmic and membrane fractions by centrifugation in
a swinging bucket rotor at an average centrifugal force of 130,000 x g. The
supernatants containing the cytoplasmic contents were decanted and frozen
at -70 C. Each membrane-containing pellet was resuspended in 1.0 ml of MOPS
MgCI2 buffer, then also frozen at -70 C. Enzymes required for sugar
nucleotide synthesis are normally found in the cytoplasmic 55  contents.
Separation of the cytoplasmic contents from the cell membranes facilitates
enzymatic assays coupled to reduction of NADP. NADPH oxidase is a
membrane-bound enzyme, and unless removed or inactivated can rapidly
reoxidize the reduced pyridine nucleotides whose accumulation is used to
follow the reactions. 8    EP 0 380 470 B1 



The protein concentration in each cytoplasmic extract was determined using
the procedure of Lowry et al., J. Biol. Chem. 193:265-275 (1951),
specifically incorporated herein by reference, with bovine serum albumen as
the standard. The activity of glucose-6-phosphate dehydrogenase in each
extract was mea- sured by following the increase in absorbance at 340 nm
due to the accumulation of NADPH produced 5  during the oxidation of
glucose-6-phosphate to 6-phosphogluconate. This enzyme is a key enzyme in
the metabolism of glucose by X. campestris, and served as an internal
control. Reaction conditions are described in a footnote to Table 2.
Phosphoglucomutase, which converts glucose-6-phosphate to
glucose-1-phosphate, the direct precursor of UDP-glucose, was also assayed
in the cytoplasmic fractions. The mutase activity is reversible, so 10
glucose-1-phosphate was used as the substrate. In addition, purified
glucose-6-phosphate dehydrogenase purchased from Sigma Chemical Co. was
added to the reaction mixture in excess. The rate of formation of NADPH is
a measure of the rate at which glucose-6-phosphate was formed by
phosphoglucomutase present in the extracts. Reaction conditions and results
of the assay are summarized in Table 2. 15 20 25 30 35 40 45 50 55    EP 0
380 470 B1 [err]    EP 0 380 470 B1 All extracts had significant activities
of glucose-6-phosphate dehydrogenase, ranging from 97 to 268 nmol/ min/mg
protein. Phosphoglucomutase activity was 191 nmol/ min/mg protein or higher
in all extracts prepared from mutants capable of synthesizing UDP-glucose.
Extracts from all mutants except X649 that 5  were unable to synthesize
UDP-glucose (X828, X652, X866, and X872) had little or no
phosphoglucomutase activity. Such a defect is sufficient to prevent
synthesis of UDP-glucose. Strain X649 is unable to make the UDP-glucose
family of sugar nucleotides. Phenotypically, it resembles the Tn903 mutant,
strain X872. However, X649 has normal phosphoglucomutase activity, whereas
strain X872 is defective in this enzyme. Strain X649 must be defective in
the UDP-glucose 10  pyrophosphorylase itself. Strain X652 is unable to make
the UDP-glucose and GDP-mannose families of sugar nucleotides. Like the
Tn903 mutants X828 and X866 which lack these sugar nucleotides, X652 has
little or no phosphoglucomutase activity. Mutants defective in GDP-mannose
synthesis alone-- strains X657, X71 1, X712 and X869--have normal
phosphoglucomutase activity. Strains X736, X826 and X871 are unable to 15
make UDP-glucuronic acid. They also have normal phosphoglucomutase
activity. Example 3 This example describes the method for mapping sugar
nucleotide defects in Tn10-induced mutants. 20     Plasmid probes were
obtained for all Tn10-induced mutants defective in sugar nucleotide
metabolism by cloning Tn10 plus flanking chromosomal sequences from each
mutant. A lambda bank was probed to obtain lambda recombinants which
hybridized to each probe but carried segments of X. campestris wild- type
DNA. These phage were plaque-purified and used to map the sugar nucleotide
mutations by cross hybridization to the plasmid probes containing Tn1O and
flanking DNA. 



25     None of the sugar nucleotide probes mapped within the DNA region
containing genes for the xanthan biosynthetic pathway itself. Phage
containing wild-type DNA for mutant X649 did not hybridize to any other
sugar nucleotide probes. Similarly, phage containing wild type DNA from the
region of the Tn10 insertion in mutant X736 DNA did not hybridize to other
sugar nucleotide probes. The defective genes in these strains thus are not
linked to the other sugar nucleotide genes. 30     Plasmids pTX652, pTX657,
pTX711 and pTX712 hybridized to an overlapping set of recombinant lambda
phages containing cloned X. campestris DNA. Plasmid pTX711 hybridized to
some, but not all, of the lambda phage which hybridized to pTX652, pTX657
and pTX712. Association of the mutation in strain X652 with mutations
preventing synthesis of GDP-mannose was unexpected since X652 also cannot
make UDP-glucose or UDP-glucuronic acid. The mutation in X652 may 35  be in
a transacting regulatory gene affecting synthesis of UDP-glucose and
GDP-mannose, or in a structural gene encoding an enzyme essential for
UDP-glucose synthesis, but exerting a polar effect on expression of the
GDP-mannose genes. Example 4 40 This example demonstrates complementation
of the mutation in strain X649 by plasmid pTS13. All sugar nucleotide
mutants were obtained by transposon mutagenesis. A lambda library of X.
campestris genomic DNA was probed with plasmid pTX649 derived from cloning
the transposon Tn1O plus flanking chromosomal sequences from the mutant
X649 (as described in Capage et al., supra.), which is 45  defective in
synthesis of UDP-glucose and UDP-glucuronic acid. Ten lambda recombinants
were identified that hybridized to the pTX649 probe. These phage were
plaque-purified. Restriction digests and gel electrophoresis was performed
on the DNA of each lambda clone. In these digestion patterns, the wild type
fragment of X. campestris DNA that is mutated in strain X649 was
identified. This 6.5 kb Pstl fragment has been purified by electroelution
from preparative agarose gels. This 50  Pstl fragment was cloned into the
Pstl site of pBR322 to make plasmid pTf6.5. Another plasmid was constructed
by digesting pTf6.5 and plasmid RSF1010 with EcoRI, then ligating both
plasmids together. Hybrid plasmids were selected by ability to confer
streptomycin and tetracycline resistance to E. coli after transformation.
This chimeric plasmid, pTS13, contains the 6.5 kb Pstl fragment (Figure 7).
The plasmid was then transferred to X campestris strain X649 by a
triparental conjugal transfer 55   directed by pRK2013. The cloned 6.5 kb
fragment carried by pTS13 does complement mutant X649. When the mating
mixture of the pTS13 transfer into X649 was plated on rif and strep, all of
the colonies were Gum + and not distinguishable from wild type. Three Gum +
exoconjugants were analyzed and showed that they did 11    EP 0 380 470 B1
contain the plasmid. Furthermore, a plasmid "curing" experiment was
performed. In this experiment, X649 (pTS13) was grown up under conditions
which promote loss of plasmids and then plated out in the absence of any
drugs that would select the plasmid. In several experiments, significant
frequencies (10-50%) of Gum-colonies were observed in such platings. Three
such Gum- isolates were examined and showed that 5  the plasmid pTS13 had
been lost. However, three Gum+ isolates from such an experiment were all
found to retain pTS1 3. The correlation between presence of the plasmid and
the Gum+ phenotype argues that the initial Gum + property is not due to
recombination but rather to expression of the plasmid-borne gene. Extracts
were made from strains X649 and X649 containing pTS13. The extract from
X649 with the plasmid had UDP-glucose, as determined by spectral analysis
and retention time. The extract from X649 10  alone did not. Since extracts
from X649 have normal amounts of phosphoglucomutase (Example 1), the enzyme
defect which prevents synthesis of UDP-glucose must be located in the gene
coding for UDP-glucose pyrophosphorylase, which is contained on plasmid
pTS13. Because this plasmid is a chimera of RSF1010, it can be transferred
to Gram negative bacteria other than X. campestris, and confer on them the
ability to 



15 make UDP-glucose if they have the ability to make glucose-1-phosphate.
Example 5 This example demonstrates complementation of the mutation in
strain X736 by plasmid pAS9. 20     A set of 5 recombinant lambda phages
were isolated that contained chromosomal X. campestris DNA from the region
of the Tn10 insertion in X736. These phages were isolated from the lambda
gene bank by screening for recombinant phages that hybridized to plasmid
pTX736. Plasmid pTX736 consists of the Pstl fragment of chromosomal DNA
from mutant X736 that contains the TnlO insertion causing the mutant
phenotype, cloned into plasmid vector RSF1010. 25     These lambda 736(+)
phages were screened by Southern blot hybridization to identify relatively
large DNA segments that contained the wild-type Pstl fragment of interest.
The DNA's from the lambda recombinants were digested with several
restriction endonucleases and run out on agarose gels along with a control
of wild-type chromosomal DNA cut with the same set of enzymes. The digests
were then probed with radiolabeled pTX736 plasmid DNA. Sall digests of
several different lambda 736(+) isolates generated 30  a fragment of 9 kb
that hybridized to the probe. The Sall digest of wild-type chromosomal DNA
also produced a band of 9 kb that annealed to the probe. Because the lambda
736 recombinants produced relatively few Sall fragments, a shotgun cloning
from lambda into pMW79 was performed. The plasmid vector pMW79 contains a
unique Sall site that lies within the tetracycline-resistance gene.
Therefore, both pMW79 and lambda 736(+) DNA were digested with Sall and the
digestion products were ligated together. 35  The ligation reaction was
used to transform E. coli, ampicillin-resistant transformants were
selected, and 650 of these were then tested for sensitivity to tetracycline
in order to identify recombinant plasmids. Ten Ampr Tet  isolates were
found. Plasmid DNA was extracted from these transformants and analyzed by
restriction endonuclease digestion and agarose gel electrophoresis. The
recombinant of interest was found. This plasmid, containing the cloned 9 kb
Sall fragment, was designated pAS9. (Figure 8). 40     This plasmid was
transferred into X. campestris to look for complementation of the X736 Gum-
defect. Plasmid pAS9 was mobilized into a rifampicin-resistant derivative
of X736, designated Xl017, and the [err] wild-type (Gum +) strain X77.
These mobilizations were performed as standard triparental conjugal
transfers directed by pRK2013. X. campestris conjugants carrying the
plasmid of interest were selected by plating on rifampicin (to select
against the E. coli donor and mobilizer strains) and streptomycin (to
select for the 45  presence of pAS9). The Rifr and Strep" progeny of the
mating of pAS9 into X1017 were exclusively Gum +. Three Gum + derivatives
were chosen and examined for plasmid. It was found that all three clearly
contained the plasmid pAS9 and that the plasmid had not undergone any
obvious rearrangement, as determined by restriction endonuclease
digestions. Furthermore, a plasmid "curing" experiment was performed. In
this experiment, X1017 pAS9 was grown up under conditions which promote
loss of plasmids 50 and then plated out in the absence of any drugs that
would select for the plasmid. Significant frequencies of Gum- colonies were
observed in such platings. Three such Gum- isolates were examined and it
was found that plasmid pAS9 had been lost. However, three Gum + isolates
from such experiment were all found to retain pAS9. The correlation between
presence of the plasmid and the Gum + phenotype argues that the Gum +
property is not due to recombination but rather to expression of the
plasmid-borne gene. 55     Since mutant X736 can produce UDP-glucose but
not UDP-glucuronic acid, it most certainly is defective in the single
enzyme UDP-glucose dehydrogenase responsible for the conversion of
UDP-glucose to UDP-glucuronic acid. The gene for this enzyme is contained
on plasmid pAS9. 12    EP 0 380 470 B1 Example 6 This example demonstrates
complementation of the mutations in strains X652, X711 and X712 by plasmid
pAS7. 5     A lambda library of X campestris genomic DNA was probed with
plasmid pTX652 derived by cloning the transposon Tn10 plus flanking
chromosomal sequences from the sugar nucleotide mutant X652 into plasmid
RSF1010. Mutant X652 does not make UDP-glucose, GDP-mannose or
UDP-glucuronic acid. 



Recombinant phage which hybridized to pTX652 were plaque-purified. Southern
blots of restriction digests of these phage, probed with pTX652, identified
a 9kb BamHI fragment which contained wild-type sequence 10  corresponding
to the site of the transposon insertion. This 9kb BamHI fragment was
purified and ligated into the BamHI site of plasmid pMW79. The ligation
mixture was used to transform E. coli, and ampicillin-resistant
transformants were selected. These were screened for sensitivity to
tetracycline; insertion of foreign DNA into the BamHI site of pMW79 will
inactivate the gene encoding resistance to tetracycline. Plasmid pAS7
containing the 9kb BamHI fragment was is  obtained by this procedure
(Figure 9). The plasmid was then transferred to X. campestris strain X1043
from E. coli by a triparental conjugal transfer directed by pRK2013. X.
campestris X1043 was obtained by mating pTX652 into X. campestris strain
X77 (a rifampicin-resistant mutant obtained from X. campestris NRRL B1459
S4-L) and forcing homologous recombination by imposing tetracycline
selection. The different antibiotic resistance of X1043 20 from X652
facilitated counterselection against the E. coli donor in subsequent
matings. After transfer of plasmid pAS7, X1043 was restored to a Gum+
phenotype. This phenotype reverted to Gum- when the strain was cured of
pAS7, indicating that the Gum + phenotype was due to expression of the
plasmid-borne copy of the chromosomal gene inactivated by transposon
insertion in strain X652. As shown in Example 3, the mutations in strains
X652, X711 and X712 are clustered on the X. 25  campestris chromosome.
Plasmid pAS7 restored the gum + phenotype upon transfer into mutants X711
and X712 by conjugation in a triparental mating. Complemented strains which
lost the plasmid, became Gum-. Strains X711 and X712 are unable to
synthesize GDP-mannose, as is strain X652. Plasmid pAS7 restores this
ability, and so contains the gene(s) encoding the enzyme(s) required for
synthesis of GDP- 30    mannose. Strain X652 is also deficient in
UDP-glucose. This defect is consistent with the lack of phosphoglucomutase
in strain X652 (Example 2). The same linkage group which contains genes
coding for enzymes required for GDP-mannose biosynthesis, also contains the
structural gene for phosphoglucomutase or a regulatory gene controlling
expression of phosphoglucomutase. 35 Example 7 This example describes sugar
nucleotide pools in the alternative hosts. The sugar nucleotides in
Paracoccus denitrificans (ATCC 17741), Pseudomonas stutzeri (ATCC 17588),
40  and Pseudomonas perfectomarina (ATCC 14405) were analyzed using
procedures developed for X. campestris. All organisms were grown for twelve
hours with two percent glucose as the carbon source. Cells were collected,
washed, and resuspended to an absorbance at 600 nm of 100. The cell pellets
had a pink hue typical of denitrifying bacteria which have derepressed
synthesis of the cytochromes required for anaerobic growth (a typical
response to oxygen limitation during growth). Consequently, 25 mM nitrate
was 45  included as an additional electron acceptor in the incubation
mixtures. Cell suspensions were incubated with 20 mM glucose for five
minutes with and without nitrate, then extracted with formic acid as
described in Example 1. Extracts were lyophilized, dissolved in
TEA-phosphate buffer and analyzed by HPLC. Paracoc- cus denitrificans had
UDP-glucose and GDP-mannose, but undetectable amounts of UDP-glucuronic
acid, as verified by spectra of peaks in the regions of interest (Figures
10-12). Similarly, Pseudomonas 50  perfectomarina and Pseudomonas stutzeri
had UDP-glucose and GDP-mannose. UDP-glucuronic acid was not detected in
extracts from either organism. It is intended to insert plasmid pAS9,
described in Example 5, into all three bacteria by conjugation from an E.
coli donor in a triparental mating to correct the inability of these
strains to synthesize UDP- glucuronic acid. 55 13    EP 0 380 470 B1 



Example 8 This example describes UDP-glucose pyrophosphorylase activity in
X. campestris transposon-induced mutants defective in sugar nucleotide
synthesis. 5     Strain X649 was unable to make UDP-glucose (Example 1) but
had phosphoglucomutase activity (Example 2). The experiments described
below demonstrate that the mutation in this strain affects UDP- glucose
pyrophosphorylase activity, and that the gene for UDP-glucose
pyrophosphorylase is contained on plasmid pTS13. To facilitate analysis of
UDP-glucose pyrophosphorylase activity, three streptomycin-sensitive,
rifam- 10  picinresistant strains that carried the Tn10 insertion of strain
X649 were constructed. One such strain, X1023, was constructed by the gene
replacement procedure described by Capage et al., supra. Two other strains,
X1024 and X1025, were constructed by chromosome mobilization. Plasmid pTS13
which com- plements the sugar nucleotide defect of strain X649 (Example 4)
was inserted into X1023, X1024 and X1025 to obtain strains X1041, X1039 and
X1040, respectively. Also, plasmid pTS13 was inserted into the Gum+ 15
rifampicin-resistant strain X77, to create strain X1052. Cytoplasmic
fractions were prepared as described in Example 2 from these strains and X.
campestris X77, which served as a positive control. UDP-glucose
pyrophosphorylase converts glucose-1-phosphate and UTP to UDP-glucose and
pyrophosphate. The reaction is reversible. UDP-glucose pyrophosphorylase
activity was measured by coupling formation of glucose-1-phosphate from
UDP-glucose to reduction of 20   NAD or NADP by adding phosphoglucomutase
and glucose-6-phosphate dehydrogenase, as described by Lieberman et al.,
Proc. NatI. Acad. Sci. USA 65:625-632 (1970), specifically incorporated
herein by reference. In these assays HEPES buffer was used instead of Tris,
and sodium phosphate was omitted from the reaction mixture. Sodium fluoride
(5 mM) was added to inhibit pyrophosphatase activity. In an experiment
where NAD was used, strain X1023 had UDP-glucose pyrophosphorylase activity
of 25  5.4 nmol per mg protein per minute, less than 10% of the UDP-glucose
pyrophosphorylase activity of wild- type strain X77, 72.2 nmol per mg per
minute. Almost all of the increase in absorbance at 340 nm in the X1023
reaction mixture was due to competing reactions, rather than UDP-glucose
pyrophosphorylase activity itself. Strain X1039 had UDPG pyrophosphorylase
activity of 18.7 nmol per mg per minute, fourfold higher than activity in
X1023. This result demonstrates that plasmid pTS13 carries the UDP-glucose
30  pyrophosphorylase gene. To verify that pTS13 carries the UDP-glucose
pyrophosphorylase gene, additional experiments were carried out with the
other mutants, using NADP as the electron acceptor. Results are summarized
in Table 3. Results of multiple determinations at different extract
concentractions are presented. 35
Table 3 UDP-glucose pyrophosphorylase activity in cytoplasmic fractions of
X. campestris, expressed as nmol NADPH2 formed per minute per mg protein.
40                        Strain                 UDP-Glucose
pyrophosphorylase X77                         6.74, 3.46, 3.18 X1023
1.83 X1024                       1.12 X1025                      0.57 45
X1040                        23.0, 8.83 X1041                       41.1,
45.9, 42.6, 39.3 X1052                      40.3, 42.1, 43.8 50     Strains
X1023, X1024 and X1025 had little or no pyrophosphorylase activity. Strains
X1040 and X1041, containing the plasmid complementing the defect in strains
X1025 and X1023, had high activity. Similarly, strain X1052 had much higher
activity than the wild-type parent, X77, without plasmid pTS13. Because
pTS13 is derived from plasmid RSF1010, a high copy number plasmid, this
difference in activity may reflect a gene dosage effect. Cytoplasmic
extracts of strains X77 and X1040 were prepared again and 55  assayed
immediately for pyrophosphorylase activity, this time in a
spectrophotometer equipped with a constant temperature sample compartment.
The specific activities were 149 and 53.4 nmol per mg protein per minute
for X77 and X1040, respectively. 14 



EP 0 380 470 B1 These results confirm that the mutation in X649 prevents
UDP-glucose synthesis by eliminating UDP- glucose pyrophosphorylase
activity. This activity can be restored by plasmid pTS13, which must carry
the gene for UDP-glucose pyrophosphorylase. UDP-glucose pyrophosphorylase
activity was also measured in cytoplasmic extracts from the Tn903 5  series
of sugar nucleotide mutants. Reaction mixtures did not include NaF. Results
are presented in Table 4. Table 4 10                           UDP-glucose
pyrophosphorylase activity (UDPG PPase, expressed as nmol per minute per mg
protein) in extracts of Tn903 sugar nucleotide mutants previously assayed
for phosphoglucomutase activity (PGM). Strain           Missing Sugar
Nucleotides       UDPG PPase 15                  X77
9.4 X826             UDP-GlcA                            10.5 X871
UDP-GlcA                            31.1 X828             UDP-Glc,
UDP-GlcA,                  28.5 GDP-man 20                  X866
UDP-Glc, UDP-GlcA,                   17.3 GDP-man X869             GDP-Man
5.88 X872             UDP-Glc, UDP-GlcA                   86.2 25 All
strains had measurable pyrophosphorylase activity. The absence of
phosphoglucomutase activity is sufficient to account for the inability of
strains X828, X866, and X872 to synthesize UDP-glucose. Example 9 30 This
example describes phosphomannomutase activity in X. campestris
transposon-induced mutants defective in sugar nucleotide synthesis.
Cytoplasmic extracts from previously identified sugar nucleotide mutants
(Example 1) were prepared as described in Example 2. These extracts were
assayed for phosphomannomutase (PMM), the enzyme that 35  converts
mannose-6-phosphate to mannose-1 -phosphate, a substrate for GDP-mannose
pyrophosphorylase. The enzyme activity is reversible. The assay (Table 5)
was adapted from that of Pindar and Bucke, Biochem. J. 152:617-622 (1975),
specifically incorporated herein by reference, in which formation of
mannose-6-phosphate is coupled to NADP reduction by addition of the enzymes
phosphomannose isomerase (PMI), phosphoglucose isomerase (PGI), and
glucose-6-phosphate dehydrogenase (G6PD). 40 Table 5 Reaction mixture for
measurement of phosphomannomutase activity in Xanthomonas campestris 45
Solution                                             ml 10 mM NADP
0.10 10 mM mannose-1-phosphate                            0.10 1 mM
glucose-1,6-diphosphate                         0.02 coupling enzymes[err]
0.02 50                  100 mM cysteine HCI
0.05 100 mM HEPES buffer, pH 7.9                          0.50 water and
extract                                    0.21 From a mixture of 0.10 ml
PMI (380 unitstml), 0.05 ml PGI (2000 units/ml), and 0.05 ml G6PD 55
(1000 units/ml), where one unit will convert 1.0 umole per minute of
substrate to product. Reaction rates became linear after several minutes,
the time required for the phosphorylated sugar 



intermediates to reach steady-state concentrations. These linear rates are
proportional to the amount of 15    EP 0 380 470 B1 cytoplasmic extract
included in the reaction mixture. For convenience, PMM activity was
determined by comparing NADPH2 formation in the presence of mannose-1
-phosphate versus that in its absence after a thirty minute incubation,
rather than by determining actual reaction rates. Absorbance at 340 nm was
measured after thirty minutaes' incubation without and with
mannose-1-phosphate (M1P). Results are 5 summarized in Table 6. Table 6 10
Phosphomannomutase activity in cytoplasmic extracts of sugar nucleotide
mutants unable to synthesize GDP-Mannose. Absorbance at 340 nm was measured
after thirty minutes' incubation without and with mannose-1 -phosphate
(M1P). Strain               Sugar Nucleotide Defects    MIP-dependent
Increase In Abs at 340 nm 15               652                GDPMan,
UDPGlc, UDPGlcA                yes 711               GDPMan
yes 712               GDPMan                                  yes 828
GDPMan, UDPGlc, UDPGlcA                 yes 866               GDPMan,
UDPGlc, UDPGlcA                 no 869               GDPMan
yes Initially X866 extracts showed an increase in absorbance at 340 nm
after addition of mannose-1 -phosphate. However, this increase cannot be
attributed to phosphomannomutase activity; the reaction rate was not 25
linear, and a plateau was reached well below the maximum absorbance
obtainable. The extract of X866 was still active when assayed for
glucose-6-phosphate dehydrogenase activity (0.77 micromoles per ml per
minute). Strain X866 clearly is defective in PMM activity. All other
GDP-mannose mutants had phosphomannomutase activity. The defective enzyme
preventing synthesis of GDP-mannose in these mutuants must be GDP-mannose
pyrophosphorylase. Since the defect 30  in mutants X652, X711 and X712
which prevents GDP-mannose synthesis is corrected by plasmid pAS7, this
plasmid must carry the gene for GDP-mannose pyrophosphorylase. It will be
apparent to those skilled in the art that various modifications and
variations can be made in the processes and products of the present
invention. 35  Claims Claims for the following Contracting States: BE, CH,
DE, FR, GB, IT, LI, LU, NL, SE 1. A recombinant-DNA mediated method for the
production of sugar nucleotides in the production of Xanthan gum
comprising: 40       (a) preparation of at least one DNA sequence capable
of directing an alternate host microorganism to produce at least one sugar
nucleotide, wherein said DNA sequence comprises at least one coding region
of DNA sequences selected from the DNA inserts of pAS7, pAS9 and pTS13
contained in E.coli LE 392 and deposited under ATCC 67 048, 67 050 and 67
047, respectively, or DNA sequences which hybridize to said DNA inserts and
encoding enzymes with the same activity; 45       (b) cloning the DNA
sequence into at least one vector capable of being transferred into and
replicating in a host microorganism, such vectors containing elements for
the expression of the biosynthetic enzymes encoded by the DNA sequences;
(c) transferring the vectors containing the DNA sequences into a host
microorganism capable of producing at least one sugar nucleotide under the
direction of the DNA sequences; 50       (d) culturing the host
microorganism under conditions appropriate for maintenance of the vectors
and synthesis of the sugar nucleotides; and optionally; (e) harvesting the
sugar nucleotide. 2. The method of claim 1 wherein the sugar nucleotide to
be produced is UDP-glucose. 



55 3. The method of claim 1 wherein the sugar nucleotide to be produced is
UDP-glucuronic acid. 4. The method of claim 1 wherein the sugar nucleotide
to be produced is GDP-mannose. 16    EP 0 380 470 B1 cytoplasmic extract
included in the reaction mixture. For convenience, PMM activity was
determined by comparing NADPH2 formation in the presence of
mannose-1-phosphate versus that in its absence after a thirty minute
incubation, rather than by determining actual reaction rates. Absorbance at
340 nm was measured after thirty minutaes' incubation without and with
mannose-1-phosphate (M1P). Results are 5 summarized in Table 6. Table 6
Phosphomannomutase activity in cytoplasmic extracts of sugar nucleotide
mutants unable to synthesize 10     GDP-Mannose. Absorbance at 340 nm was
measured after thirty minutes' incubation without and with
mannose-1-phosphate (M1P). Strain               Sugar Nucleotide Defects
MIP-dependent Increase In Abs at 340 nm 15                652
GDPMan, UDPGlc, UDPGlcA                 yes 711                GDPMan
yes 712                GDPMan                                  yes 828
GDPMan, UDPGlc, UDPGlcA                 yes 866                GDPMan,
UDPGlc, UDPGlcA                 no 20            869                GDPMan
yes Initially X866 extracts showed an increase in absorbance at 340 nm
after addition of mannose-1-phosphate. However, this increase cannot be
attributed to phosphomannomutase activity; the reaction rate was not 25
linear, and a plateau was reached well below the maximum absorbance
obtainable. The extract of X866 was still active when assayed for
glucose-6-phosphate dehydrogenase activity (0.77 micromoles per ml per
minute). Strain X866 clearly is defective in PMM activity. All other
GDP-mannose mutants had phosphomannomutase activity. The defective enzyme
preventing synthesis of GDP-mannose in these mutuants must be GDP-mannose
pyrophosphorylase. Since the defect 30  in mutants X652, X711 and X712
which prevents GDP-mannose synthesis is corrected by plasmid pAS7, this
plasmid must carry the gene for GDP-mannose pyrophosphorylase. It will be
apparent to those skilled in the art that various modifications and
variations can be made in the processes and products of the present
invention. 35   Claims Claims for the following Contracting States: BE, CH,
DE, FR, GB, IT, LI, LU, NL, SE 1. A recombinant-DNA mediated method for the
production of sugar nucleotides in the production of Xanthan gum
comprising: 40       (a) preparation of at least one DNA sequence capable
of directing an alternate host microorganism to produce at least one sugar
nucleotide, wherein said DNA sequence comprises at least one coding region
of DNA sequences selected from the DNA inserts of pAS7, pAS9 and pTS13
contained in E.coli LE 392 and deposited under ATCC 67 048, 67 050 and 67
047, respectively, or DNA sequences which hybridize to said DNA inserts and
encoding enzymes with the same activity; 45       (b) cloning the DNA
sequence into at least one vector capable of being transferred into and
replicating in a host microorganism, such vectors containing elements for
the expression of the biosynthetic enzymes encoded by the DNA sequences;
(c) transferring the vectors containing the DNA sequences into a host
microorganism capable of producing at least one sugar nucleotide under the
direction of the DNA sequences; 50       (d) culturing the host
microorganism under conditions appropriate for maintenance of the vectors
and synthesis of the sugar nucleotides; and optionally; 



(e) harvesting the sugar nucleotide. 2. The method of claim 1 wherein the
sugar nucleotide to be produced is UDP-glucose. 55 3. The method of claim 1
wherein the sugar nucleotide to be produced is UDP-glucuronic acid. 4. The
method of claim 1 wherein the sugar nucleotide to be produced is
GDP-mannose. 16    5.   The method of claim 1 wherein the vector in step
(c) is selected from the group consisting of pAS7, pAS9 and pTS13 contained
in E. coli LE392 and deposited under ATCC 67048, 67050 and 67047,
respectively. 5  6. The method of claim 1 wherein said host comprises a
denitrifying bacterium. 7. The method of claim 1 wherein said host is
selected from the bacteria of the genus Clostridium. 8. The method of claim
1 wherein said host is selected from the group consisting of Pseudomonas
putida, 10     Pseudomonas cepacia, Pseudomonas denitrificans, Pseudomonas
fluorescens, Pseudomonas stutzeri, Escherichia coli, and Enterobacter
cloacae. 9. An article of manufacture comprising at least one plasmid
capable of directing a microbial cell to synthesize at least one of the
enzymes selected from the group consisting of UDP-glucose 15
pyrophosphorylase, UDP-glucose dehydrogenase, phosphoglucomutase,
phosphomannose mutase and GDP-mannose pyrophosphorylase, wherein the
insert(s) of said plasmid(s) comprise(s) at least one coding region of DNA
sequences selected from the DNA inserts of pAS7, pAS9 and pTS13 contained
in E. coli LE 392 and deposited under ATCC 67 048, 67 050 and 67 047,
respectively, or DNA sequences which hybridize to said DNA inserts and
encoding enzymes with the same activity. 20 10. The plasmid pAS7, contained
in E. coli LE392 and deposited under ATCC 67048. 11. The plasmid pAS9,
contained in E. coli LE392 and deposited under ATCC 67050. 25  12. The
plasmid pTS13, contained in E. coli LE392 and deposited under ATCC 67047.
13. A plasmid capable of directing microbial synthesis of one or more sugar
nucleotides selected from the group consisting of UDP-glucose,
UDP-glucuronic acid and GDP-mannose, wherein the insert of said plasmid
comprises at least one coding region of DNA sequences selected from the DNA
inserts of the 30     plasmids according to any of claims 10 to 12 or DNA
sequences which hybridize to said DNA inserts and encoding enzymes with the
same activity. 14. A microorganism of the strain X. campestris X872,
deposited under ATCC 53471. 35  15. A microorganism of the strain E. coli
LE392 (pAS7), deposited under ATCC 67048. 16. A microorganism of the strain
E. coil LE392 (pAS9), deposited under ATCC 67050. 17. A microorganism of
the strain E. coli LE392 (pTS13), deposited under ATCC 67047. 40 18. A
microorganism comprising a plasmid according to the article of manufacture
of claim 9. 19. A microorganism comprising a plasmid according to claim 13.
45  20. The microorganism of claim 18 or 19, wherein said microorganism
comprises a denitrifying bacterium. 21. The microorganism of claim 18 or
19, wherein said microorganism is selected from bacteria of the genus
Clostridium. 50  22. The microorganism of claim 18 of 19, wherein said
microorganism is selected from the group consisting of Pseudomonas putida,
Pseudomonas cepacia, Pseudomonas denitrificans, Pseudomonas fluorescens,
Pseudomonas stutzeri, Escherichia coli, and Enterobacter cloacae. Claims
for the following Contracting State: AT 55 1. A recombinant-DNA mediated
method for the production of sugar nucleotides in the production of Xanthan
gum comprising: 17  



EP 0 380 470 B1 (a) preparation of at least one DNA sequence capable of
directing an alternate host microorganism to produce at least one sugar
nucleotide, wherein said DNA sequence comprises at least one coding region
of DNA sequences selected from the DNA inserts of pAS7, pAS9 and pTS13
contained in E.coli LE 392 and deposited under ATCC 67 048, 67 050 and 67
047, respectively, or DNA 5        sequences which hybridize to said DNA
inserts and encoding enzymes with the same activity; (b) cloning the DNA
sequence into at least one vector capable of being transferred into and
replicating in a host microorganism, such vectors containing elements for
the expression of the biosynthetic enzymes encoded by the DNA sequences;
(c) transferring the vectors containing the DNA sequences into a host
microorganism capable of 10       producing at least one sugar nucleotide
under the direction of the DNA sequences; (d) culturing the host
microorganism under conditions appropriate for maintenance of the vectors
and synthesis of the sugar nucleotides; and optionally; (e) harvesting the
sugar nucleotide. 15  2. The method of claim 1 wherein the sugar nucleotide
to be produced is UDP-glucose. 3. The method of claim 1 wherein the sugar
nucleotide to be produced is UDP-glucuronic acid. 4. The method of claim 1
wherein the sugar nucleotide to be produced is GDP-mannose. 20 5. The
method of claim 1 wherein the vector in step (c) is selected from the group
consisting of pAS7, pAS9 and pTS13 contained in E. coli LE392 and deposited
under ATCC 67048, 67050 and 67047, respectively. 25  6. The method of claim
1 wherein said host comprises a denitrifying bacterium. 7. The method of
claim 1 wherein said host is selected from the bacteria of the genus
Clostridium. 8. The method of claim 1 wherein said host is selected from
the group consisting of Pseudomonas putida, 30     Pseudomonas cepacia,
Pseudomonas denitrificans, Pseudomonas fluorescens, Pseudomonas stutzeri,
Escherichia coli, and Enterobacter cloacae. 9. An article of manufacture
comprising at least one plasmid capable of directing a microbial cell to
synthesize at least one of the enzymes selected from the group consisting
of UDP-glucose pro- 35     phosphorylase, UDP-glucose dehydrogenase,
phosphoglucomutase, phosphomannose mutase and GDP-mannose
pyrophosphorylase, wherein the insert(s) of said plasmid(s) comprise(s) at
least one coding region of DNA sequences selected from the DNA inserts of
pAS7, pAS9 and pTS13 contained in E. coil LE 392 and deposited under ATCC
67 048, 67 050 and 67 047, respectively, or DNA sequences which hybridize
to said DNA inserts and encoding enzymes with the same activity. 40 10. A
method for the preparation of the plasmid pAS7 comprising isolating said
plasmid from E. coli LE392 deposited under ATCC 67048 in a manner known per
se. 11. A method for the preparation of the plasmid pAS9 comprising
isolating said plasmid from E. coli LE392 45     deposited under ATCC 67050
in a manner known per se. 12. A method for the preparation of the plasmid
pTS13 comprising isolating said plasmid from E. coli LE392 deposited under
ATCC 67047 in a manner known per se. 50  13. A method for the preparation
of a plasmid capable of directing microbial synthesis of one or more sugar
nucleotides selected from the group consisting of UDP-glucose,
UDP-glucuronic acid and GDP- mannose, wherein the insert of said plasmid
comprises at least one coding region of DNA sequences selected from the DNA
inserts of the plasmids prepared according to any of claims 10 to 12 or DNA
sequences which hybridize to said DNA inserts and encoding enzymes with the
same activity 55     comprising constructing said plasmid in a manner known
per se. 14. A method for the preparation of a microorganism of the strain
X. campestris X872, deposited under ATCC 53471 comprising cultivating said
microorganism in a manner known per se. 18  



EP 0 380 470 B1 15. A method for the preparation of a microorganism of the
strain E. coli LE392 (pAS7), deposited under ATCC 67048 comprising
cultivating said microorganism in a manner known per so. 16. A method for
the preparation of a microorganism of the strain E. coli LE392 (pAS9),
deposited under 5     ATCC 67050 comprising cultivating said microorganism
in a manner known per se. 17. A method for the preparation of a
microorganism of the strain E. coli LE392 (pTS13), deposited under ATCC
67047 comprising cultivating said microorganism in a manner known per se.
10   18. A method for the preparation of a microorganism which comprises a
plasmid according to the article of manufacture of claim 9 comprising
transforming said microorganism with said plasmid in a manner known per se.
19. A method for the preparation of a microorganism which comprises a
plasmid prepared according to the 15     method of claim 13 comprising
transforming said microorganism with said plasmid in a manner known per se.
20. The method of claim 18 or 19, wherein said microorganism comprises a
denitrifying bacterium. 20  21. The method of claim 18 or 19, wherein said
microorganism is selected from bacteria of the genus Clostridium. 22. The
method of claim 18 or 19, wherein said microorganism is selected from the
group consisting of Pseudomonas putida, Pseudomonas cepacia, Pseudomonas
denitrificans, Pseudomonas fluorescens, 25     Pseudomonas stutzeri,
Escherichia coli, and Enterobacter cloacae. 23. The plasmid pAS7, contained
in E. coli LE392 and deposited under ATCC 67048. 24. The plasmid pAS9,
contained in E. coli LS392 and deposited under ATCC 67050. 30 25. The
plasmid pTS13, contained in E. coil LE392 and deposited under ATCC 67047.
26. A plasmid capable of directing microbial synthesis of one or more sugar
nucleotides selected from the group consisting of UDP-glucose,
UDP-glucuronic acid and GDP-mannose, wherein the insert of said 35
plasmid comprises at least one coding region of DNA sequences selected from
the DNA inserts of the plasmids according to any of claims 23 to 25 or DNA
sequences which hybridize to said DNA inserts and encoding enzymes with the
same activity. 27. A microorganism of the strain X. campestuis X872,
deposited under ATCC 53471. 40 28. A microorganism of the strain E. coli
LE392 (pAS7), deposited under ATCC 67048. 29. A microorganism of the strain
E. coli LE392 (pAS9), deposited under ATCC 67050. 45  30. A microorganism
of the strain E. coli LE392 (pTS13), deposited under ATCC 67047. 31. A
microorganism comprising a plasmid according to the article of manufacture
of claim 9. 32. A microorganism comprising a plasmid according to claim 26.
50 33. The microorganism of claim 31 or 32, wherein said microorganism
comprises a denitrifying bacterium. 34. The microorganism of claim 31 or
32, wherein said microorganism is selected from bacteria of the genus
Clostridium. 55 35. The microorganism of claim 31 of 32, wherein said
microorganism is selected from the group consisting of Pseudomonas putida,
Pseudomonas cepacia, Pseudomonas denitrificans, Pseudomonas fluorescens,
Pseudomonas stutzeri, Escherichia coli, and Enterobacter cloacae. 19    EP
0 380 470 B1                  I 11111 1111111111111 I!II PatentansprUche
PatentansprUche 1Ur folgende Vertragsstaaten: BE, CH, DE, FR, GB, IT, LI,
LU, NL, SE 



1. Durch rekombinante DNA vermitteltes Verfahren zur Herstellung von
Zuckernukleotiden fOr die Herstel- 5      lung von Xanthan-Gummi,
umfassend: a) Herstellen mindestens einer DNA-Sequenz, welche dazu faihig
ist, einen alternativen Wirtsmikroor- ganismus dahingehend zu lenken, daB
dieser mindestens ein Zuckemukleotid herstellt, worin die DNA-Sequenz
mindestens einen kodierenden Bereich von DNA-Sequenzen umfaBt, die aus den
DNA-inserts von pAS7, pAS9 und pTS13 ausgewdhIt sind, welche in E. coil
LE392 enthalten und 10       unter den ATCC-Hinterlegungsnummern 67 048, 67
050 bzw. 67 047 hinterlegt sind, oder DNA- Sequenzen, welche an die
besagton DNA-inserts hybridisieren und fOr Enzyme mit derselben Aktivitat
kodieren; b) Kionieren der DNA-Sequenz in mindestens einen Vektor, welcher
in einen Wirtsmikroorganismus transferiert und darin repliziert werden
kann, wobei soiche Vektoren Elemente far die Expression der 15
Biosynthese-Enzyme enthalten, die durch die DNA-Sequenzen kodiert sind; c)
Transferieren der Vektoren, welche die DNA-Sequenzen enthalten, in einen
Wirtsmikroorganis- mus, welcher dazu fahig ist, mindestons ein
Zuckernuklootid unter der Anweisung der DNA- Sequenzen herzustellen; d)
Kultivieren des Wirtsmikroorganismus unter Bedingungen, welche fUr die
Erhaltung der Vektoren 20        und die Synthese der Zuckernukleotide
geeignet sind; und wahlweise; e) Gewinnen der Zuckernukleotide. 2.
Verfahren nach Anspruch 1, worin das herzustellende Zuckemukleotid
UDP-Glukose ist. 25  &  Verfahren nach Anspruch 1, worin das herzustellende
Zuckemukleotid UDP-Glucuronsaure ist. 4. Verfahren nach Anspruch 1, worin
das herzustellende Zuckemukleotid GDP-Mannose ist. 5. Verfahren nach
Anspruch 1, worin der Vektor im Schritt (c) ausgewghIt ist aus der Gruppe,
bestehend 30     aus pAS7, pAS9 und pTS13, enthalten in E. coli LE392 und
hinterlegt unter den ATCC-Hinterlegungs- nummem 67048, 67050 bzw. 67047. 6.
Verfahren nach Anspruch 1, worin der besagte Wirt ein denitrifizierendes
Bakterium umfaft. 35  7. Verfahren nach Anspruch 1, worin der besagte Wirt
ausgewdhIt wird aus Bakterien der Gattung Clostridium. 8. Verfahren nach
Anspruch 1, worin der besagte Wirt ausgew~hIt wird aus der Gruppe,
bestehend aus Pseudomonas putida, Pseudomonas cepacia, Pseudomonas
denitrificans, Pseudomonas fluorescens, 40     Pseudomonas stutzeri,
Escherichia coli und Enterobacter cloacae. 9. Gegenstand, umfassend
mindestens ein Plasmid, welches dazu fahig ist, eine mikrobielle Zolle
dahingehend zu lenken, daB diese mindestens eines der Enzyme synthetisiert,
die ausgewahit sind aus der Gruppe, bestehend aus
UDP-Glucosepyrophosphorylase, UDP-Glucosedehydrogenase, Phospho- 45
glucomutase, Phosphomannosemutase und GDP-Mannosepyrophosphorylase, worin
das Insert bzw. die Inserts des besagten Plasmids bzw. der besagten
Plasmide mindestens einen kodierenden Bereich der DNA-Sequenzen umfaSt bzw.
umfassen, die ausgew~hIt sind aus den DNA-inserts von pAS7, pAS9 und pTS13,
welche in E. coil LE392 enthalten und unter den ATCC-Hinterlegungsnummern
67 048, 67 050 bzw. 67 047 hinterlegt sind, odor DNA-Sequenzen, welche an
die besagten DNA-inserts hybridisieren 50     und ftr Enzyme mit derselben
Aktivitat kodieren. 10. Plasmid pAS7, enthaltend in E. coli LE392 und
hinterlegt unter der ATCC-Hinterlegungsnummer 67048. 11. Plasmid pAS9,
enthalten in E. coli LE392 und hinterlegt unter der
ATCC-Hinterlegungsnummer 67050. 55 12. Plasmid pTS13, enthalten in E. coli
LE392 und hinterlegt unter der ATCC-Hinterlegungsnummer 67047. 20    EP 0
380 470 B1                  , I                 s 13. Plasmid, welches dazu
fihig ist, die mikrobielle Synthese von elnem oder mehreren Zuckemukleotid-
(en) zu lenken, die ausgewAhit sind aus der Gruppe, bestehend aus
UDP-Glucose, UDP-Glucuronsgure und GDP-Mannose, worin das Insert des
besagten Plasmids mindestens einen kodierenden Bereich der DNA-Sequenzen
umfalt, die ausgewAhit sind aus den DNA-Inserts der Plasmide nach einem der



5      AnsprUche 10 bis 12 oder DNA-Sequenzen, welche an die besagten
DNA-Inserts hybridisieren und fOr Enzyme mit derselben Aktivitat kodieren.
14. Mikroorganismus des Stammes X. campestris X872, hinterlegt unter der
ATCC-Hinterlegungsnummer 53471. 10 15. Mikroorganismus des Stammes E. coil
LE392 (pAS7), hinterlegt unter der ATCC-Hinterlegungsnummer 67048. 16.
Mikroorganismus des Stammes E. coil LE392 (pAS9), hinterlegt unter der
ATCC-Hinterlegungsnummer 15     67050. 17. Mikroorganismus des Stammes E.
coil LE392 (pTS13), hinterlegt unter der ATCC-Hinterlegungsnum- mer 67047.
20  18. Mikroorganismus, umfassend ein Plasmid gemaB dem Gegenstand nach
Anspruch 9. 19. Mikroorganismus, umfassend ein Plasmid nach Anspruch 13.
20. Mikroorganismus nach Anspruch 18 oder 19, worin der besagte
Mikroorganismus ein denitrifizierendes 25     Bakterium umfaBt. 21.
Mikroorganismus nach Anspruch 18 oder 19, worin der besagte Mikroorganismus
ausgewihit ist aus Bakterien der Gattung Clostridium. 30  22.
Mikroorganismus nach Anspruch 18 oder 19, worin der besagte Mikroorganismus
ausgewghlt ist aus der Gruppe, bestehend aus Pseudomonas putida,
Pseudomonas cepacia, Pseudomonas denitrificans, Pseudomonas fluorescens,
Pseudomonas stutzeri, Escherichia coil und Enterobacter cloacae.
PatentansprUche fUr folgenden Vertragsstaat: AT 35 1. Durch rekombinante
DNA vermitteltes Verfahren zur Herstellung von Zuckemukleotiden fOr die
Herstel- lung von Xanthan-Gummi, umfassend: a) Herstellen mindestens einer
DNA-Sequenz, welche dazu fahig ist, einen alternativen Wirtsmikroor-
ganismus dahingehend zu lenken, daB dieser mindestens ein Zuckernukleotid
herstellt, worin die 40        DNA-Sequenz mindestens elnen kodierenden
Bereich von DNA-Sequenzen umfa~t, die aus den DNA-Inserts von pAS7, pAS9
und pTS13 ausgewihit sind, welche in E. coil LE392 enthalten und unter den
ATCC-Hinterlegungsnummern 67 048, 67 050 bzw. 67 047 hinterlegt sind, oder
DNA- Sequenzen, welche an die besagten DNA-Inserts hybridisieren und far
Enzyme mit derselben Aktivitat kodieren; 45        b) Klonieren der
DNA-Sequenz in mindestens einen Vektor, welcher in einen
Wirtsmikroorganismus transferiert und darin repliziert werden kann, wobel
solche Vektoren Elemente far die Expression der BiosyntheseEnzyme
enthalten, die durch die DNA-Sequenzen kodiert sind; c) Transferieren der
Vektoren, welche die DNA-Sequenzen enthalten, in einen Wirtsmikroorganis-
mus, welcher dazu fahig ist, mindestens ein Zuckemukleotid unter der
Anweisung der DNA- 50        Sequenzen herzustellen; d) Kultivieren des
Wirtsmikroorganismus unter Bedingungen, welche fOr die Erhaltung der
Vektoren und die Synthese der Zuckernukleotide geeignet sind; und
wahlweise; e) Gewinnen der Zuckernukleotide. 85 2. Verfahren nach Anspruch
1, worin das herzustellende Zuckernukleotid UDP-Glukose ist. 3. Verfahren
nach Anspruch 1, worin das herzustellende Zuckernukleotid UDP-Glucuronsgure
ist. 21    EP 0 380 470 B1                            c IIl  1 11111 111 11
ll B!l 4. Verfahren nach Anspruch 1, worin das herzustellende
Zuckemukleotid GDP-Mannose ist. 5. Verfahren nach Anspruch 1, worin der
Vektor im Schritt (c) ausgewAhIt ist aus der Gruppe, bestehend aus pAS7,
pAS9 und pTS13, enthalten in E. coli LE392 und hinterlegt unter den
ATCC-Hinterlegungs- 5      nummern 67048, 67050 bzw. 67047. 6. Verfahren
nach Anspruch 1, worin der besagte Wirt ein denitrifizierendes Bakterium
umfaBt. 



7. Verfahren nach Anspruch 1, worin der besagte Wirt ausgewahit wird aus
Bakterien der Gattung 10     Clostridium. 8. Verfahren nach Anspruch 1,
worin der besagte Wirt ausgewihit wird aus der Gruppe, bestehend aus
Pseudomonas putida, Pseudomonas cepacia, Pseudomonas denitrificans,
Pseudomonas fluorescens, Pseudomonas stutzeri, Escherichia coli und
Enterobacter cloacae. 15 9. Gegenstand, umfassend mindestens eln Plasmid,
welches dazu fihig !st, elne mikrobielle Zelle dahingehend zu lenken, daB
diese mindestens eines der Enzyme synthetisiert, die ausgewlhIt sind aus ,
der Gruppe, bestehend aus UDP-Glucosepyrophosphorylase,
UDP-Glucosedehydrogenase, Phospho- glucomutase, Phosphomannosemutase und
GDP-Mannosepyrophosphorylase, worin das Insert bzw. die 20     Inserts des
besagten Plasmids bzw. der besagten Plasmide mindestens einen kodierenden
Bereich der DNA-Sequenzen umfaft bzw. umfassen, die ausgewghlt sind aus den
DNA-Inserts von pAS7, pAS9 und pTS13, welche in E. coli LE392 enthalten und
unter den ATOC-Hinterlegungsnummern 67 048, 67 050 bzw. 67 047 hinterlegt
sind, oder DNA-Sequenzen, welche an die besagten DNA-Inserts hybridisieren
und fOr Enzyme mit derselben Aktivitat kodieren. 25 10. Verfahren zum
Herstellen des Plasmids pAS7, umfassend das Isolieren des besagten Plasmids
aus E. coil LE392, hinterlegt unter der ATCC-Hinterlegungsnummer 67048, in
einer an sich bekannten Weise. 11. Verfahren zum Herstellen des Plasmids
pAS9, umfassend das Isolieren des besagten Plasmids aus E. K..>   30
coli LE392, hinterlegt unter der ATCG-linterlegungsnummer 67050, in einer
an sich bekannten Weise. 12. Verfahren zum Herstellen des Plasmids pTS13,
umfassend das Isolieren des besagten Plasmids aus E. coli LE392, hinterlegt
unter der ATCC-Hinterlegungsnummmer 67047, in einer an sich bekannten
Weise. 35 13. Verfahren zum Herstellen eines Plasmids, welches dazu fahig
ist, die mikrobielle Synthese von einem oder mehreren Zuckemukleotid(en) zu
lenken, welche ausgewghit sind aus der Gruppe, bestehend aus UDP-Glucose,
UDP-Glucuronsaure und GDP-Mannose, worin das Insert des besagten Plasmids
minde- stens einen kodierenden Bereich der DNA-Sequenzen umfalt, die
ausgewdhIt sind aus den DNA- 40     Inserts der Plasmide, die gemaB einem
der Anspr~che 10 bis 12 hergestellt sind, oder DNA- Sequenzen, die an die
besagten DNA-Inserts hybridisieren und fUr Enzyme mit derselben Aktivitat
kodieren, umfassend das Konstruieren des besagten Plasmids in einer an sich
bekannten Weise. 14. Verfahren zum Herstellen eines Mikroorganismus des
Stammes X campestris X872, hinterlegt unter 45     der
ATCC-Hinterlegungsnummer 53471, umfassend das Kultivieren des besagten
Mikroorganismus in einer an sich bekannten Weise. 15. Verfahren zum
Herstellen eines Mikroorganismus des Stammes E. coli LE392 (pAS7),
hinterlegt unter der ATCC-Hinterlegungsnummer 67048, umfassend das
Kultivieren des besagten Mikroorganismus in 50     einer an sich bekannten
Weise. 16. Verfahren zum Herstellen eines Mikroorganismus des Stammes E.
coli LE392 (pAS9), hinterlegt unter der ATCC-Hinterlegungsnummer 67050,
umfassend das Kultivieren des besagten Mlkroorganismus in einer an sich
bekannten Weise. 55 17. Verfahren zum Herstellen eines Mikroorganismus des
Stammes E. coli LE392 (pTS13), hinterlegt unter der
ATCC-Hinterlegungsnummer 67047, umfassend das Kultivieren des besagten
Mikroorganismus in einer an sich bekannten Weise. 22    EP 0 380 470 B1
I 111111 IIII liii liii II III * C   L   M   S * 18. Verfahren zum
Herstellen eines Mikroorganismus, welcher ein Plasmid gemaB dem Gegenstand
nach Anspruch 9 umfaBt, umfassend das Transformieren des besagten
Mikroorganismus mit dem besagten 



Plasmid in einer an sich bekannten Weise. 5  19. Verfahren zum  Herstellen
eines Mikroorganismus, welcher ein Plasmid umfaft, das gemaB dem Verfahren
nach Anspruch 13 hergestellt ist, umfassend das Transformieren des besagten
Mikroorganis- mus mit dem besagten Plasmid in einer an sich bekannten
Weise. 20. Verfahren nach Anspruch 18 oder 19, worin der besagte
Mikroorganismus ein denitrifizierendes 10     Bakterium umfaBt. 21.
Verfahren nach Anspruch 18 oder 19, worin der besagte Mikroorganismus
ausgewAhIt ist aus Bakterien der Gattung Clostridium. 15  22. Verfahren
nach Anspruch 18 oder 19, worin der besagte Mikroorganismus ausgewghIt ist
aus der Gruppe, bestehend aus Pseudomonas putida, Pseudomonas cepacia,
Pseudomonas denitrificans, Pseudomonas fluorescens, Pseudomonas stutzeri,
Escherichia coil und Enterobacter cloacae. 23. Plasmid pAS7, enthaltend in
E. coil LE392 und hinterlegt unter der ATCC-Hinterlegungsnummer 67048. 20
24. Plasmid pAS9, enthalten in E. coil LE392 und hinterlegt unter der
ATCC-Hinterlegungsnummer 67050. 25. Plasmid pTS13, enthalten in E. coil
LE392 und hinterlegt unter der ATCC-Hinterlegungsnummer 67047. 25  26.
Plasmid, welches dazu fahig ist, die mikrobielle Synthese von einem oder
mehreren Zuckemukleotid- (en) zu lenken, die ausgewghit sind aus der
Gruppe, bestehend aus UDP-Glucose, UDP-Glucuronsaure und GDP-Mannose, worin
das Insert des besagten Plasmids mindestens einen kodierenden Bereich der
DNA-Sequenzen umfaBt, die ausgewghIt sind aus den DNA-inserts der Plasmide
nach einem der Ansprlche 10 bis 12 oder DNA-Sequenzen, welche an die
besagten DNA-inserts hybridisieren und fUr 30 Enzyme mit derselben
AktivitWt kodieren. 27. Mikroorganismus des Stammes X. campestris X872,
hinterlegt unter der ATCC-Hinterlegungsnummer 53471. 35  2& Mikroorganismus
des Stammes E. coil LE392 (pAS7), hinterlegt unter der
ATCC-Hinterlegungsnummer 67048. 29. Mikroorganismus des Stammes E. coil
LE392 (pAS9), hinterlegt unter der ATCC-Hinterlegungsnummer 67050. 40 30.
Mikroorganismus des Stammes E. coli LE392 (pTS13), hinterlegt unter der
ATCC-Hinterlegungsnum- mer 67047. 31. Mikroorganismus, umfassend ein
Plasmid gemaB dem Gegenstand nach Anspruch 9. 45 32. Mikroorganismus,
umfassend ein Plasmid nach Anspruch 26. 33. Mikroorganismus nach Anspruch
31 oder 32, worin der besagte Mikroorganismus ein denitrifizierendes
Bakterium umfaBt. 50 34. Mikroorganismus nach Anspruch 31 oder 32, worin
der besagte Mikroorganismus ausgewahit ist aus Bakterien der Gattung
Clostridium. 35. Mikroorganismus nach Anspruch 31 oder 32, worin der
besagte Mikroorganismus ausgewghlt ist aus 55     der Gruppe, bestehend aus
Pseudomonas putida, Pseudomonas cepacia, Pseudomonas denitrificans,
Pseudomonas fluorescens, Pseudomonas stutzeri, Escherichia coil und
Enterobacter cloacae. 23    EP 0 380 470 B1                   I 1111111 huB
11111 3III 111111 * C   L  M   S* Revendlcatlons Revendlcatlons pour les
Etats contractants sulvants: BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 1.
Proc6d6 utilisant de I'ADN recombinant pour le production de nucleotides de
sucre dans la fabrication 5      de la gomme de xanthane, comprenant: (a)
la preparation d'au moins une sequence d'ADN capable de diriger un autre
micro-organisme 



h8te a produire au moins un nucleotide de sucre, dans laquelle ladite
sdquence d'ADN comprend au moins une region codante de sequences d'ADN
choisies parmi les segments d'insertion d'ADN de pAS7, pAS9 ot pTS13
contenus dans E. coOi LE 392 et deposes sous ATCC 67 048, 67 050 et 67 10
047, respectivement, ou de sequences d'ADN qui s'hybrident auxdits segments
d'insertion d'ADN et codant pour les enzymes avec la m~me activite; (b) le
clonage de la sequence d'ADN dans au moins un vecteur capable d'8tre
transfere dans et de se repliquer chez un micro-organismo h8te, de tels
vecteurs contenant des elements pour l'expres- sion des enzymes
biosynthetiques codees par les sequences d'ADN; 1s       (c) le transfert
des vecteurs contenant les sequences d'ADN dans un micro-organisme h8te
capable de produire au moins un nucleotide de sucre sous la direction des
sequences d'ADN; (d) la mise en culture du micro-organismo h8te dans des
conditions appropriees pour le maintien des vecteurs ot la synthese des
nucleotides de sucre ; et facultativement; K..,          (0) la recolte du
nucleotide de sucre. 20 2. Procede selon la revendication 1, dans lequal le
nucleotide de sucre devant etre produit est l'UDP- glucose. 3. Procede
selon la revendication 1, dans lequel le nucl6otide de sucre devant 8tre
produit est l'UDP- 25     acide glucuronique. 4. Proc6de selon la
revendication 1, dans loquel le nucleotide de sucre devant 8tre produit est
le GDP- mannose. 30  5. Procede selon la revendication 1, dans loquel le
vecteur dans I'dtape (c) est choisi dans le groupe constitu6 de pAS7, pAS9
et pTS13 contenus dans E. coil LE 392 et d6poses sous ATCC 67048, 67050 et
67047, respectivement. 6. Procede selon la revendication 1, dans loquel
ledit h8te constitue une bacterie denitriflcante. 35 7. ProcMd6 selon la
revendication 1, dans loquel ledit h8te est choisi parmi les bactfries du
genre J            Clostridium. 8. Proced6 selon la revendication 1, dans
loquel ledit h8te est choisi dans le groupe constitu6 de 40     Pseudomonas
putida, Pseudomonas cepacia, Pseudomonas denitrificans, Pseudomonas
fluores- cens, Pseudomonas stutzerl, Escherichia coli et Enterobacter
cloacae. 9. Article de fabrication comprenant au moins un plasmide capable
de diriger une cellule microbienne a synthetiser au moins lune des enzymes
choisies dans le groupe constitue de l'UDP-glucose pyrophos- 45
phorylase, l'UDP-glucose deshydrogenase, la phosphoglucomutase, la
phosphomannose mutase et la GDP-mannose pyrophoshorylase, dans loquel le(s)
segment(s) d'insertion dudit (desdits) plasmide(s) comprend (comprennent)
au moins une region codante de sdquences d'ADN choisies parmi les segments
d'insertion d'ADN de pAS7, pAS9 et pTS13 contenus dans E. coil LE 392 et
d6pos6s sous ATCC 67 048, 67 050 et 67 047, respectivement, ou de sequences
d'ADN qui s'hybrident auxdits 50     segments d'insertion d'ADN et codant
pour les enzymes avec la mame activite. 10. Plasmide pAS7, contenu dans E.
coil LE 392 et d6pose sous ATCC 67048. 11. Plasmide pAS9, contenu dans E.
coil LE 392 et d6pose sous ATCC 67050. 55 12. Plasmide pTS13, contenu dans
E. coli LE 392 et depose sous ATCC 67047. 24    EP O 380 470 B1
iii iillii ii lll *  C   L  M   S* 13. Plasmide capable de diriger la
synthese microbienne d'un ou plusieurs nucleotides de sucre choisis dans le
groupe constitue de l'UDP-glucose, de l'UDP-acide glucuronique et du
GDP-mannose, dans lequel le segment d'insertion dudit plasmide comprend au
moins une r~gion codante de sequences d'ADN choisies parmi les segments
d'insertion d'ADN des plasmides solon l'une quelconque des 



5      revendications 10 a 12, ou de sequences d'ADN qui s'hybrident
auxdits segments d'insertion d'ADN et codant pour les enzymes avec la m8me
activit6. 14. Micro-organisme de la souche X campestris X872, depose sous
ATCC 53471. lO 15. Micro-organisme de la souche E. coli LE 392 (pAS7),
ddpos6 sous ATCC 67048. 16. Micro-organisme de la souche E. coil LE 392
(pAS9), depos6 sous ATCC 67050. 17. Micro-organisme de la souche E. coi LE
392 (pTS13), d6pose sous ATCC 67047. 15 1& Micro-organisme comprenant un
plasmide solon P'article de fabrication de la revendication 9. i
19. Micro-organisme comprenant un plasmide selon la revendication 13. 20
20. Micro-organisme selon la revendication 18 ou 19, dans loquel ledit
micro-organisme constitue une bacterie denitrificante. 21. Micro-organisme
selon la revendication 18 ou 19, dans lequel ledit micro-organisme est
choisi parmi les bact~ries du genre Clostridium. 25 22. Micro-organisme
solon la revendication 18 ou 19, dans. lequel ledit micro-organisme est
choisi dons le groupe constitue de Pseudomonas putida, Pseudomonas cepacia,
Pseudomonas denitrificans, Pseudomonas fluorescens, Pseudomonas stutzeri,
Escherichlia coll et Enterobacter cloacae. 30  Revendlcatlons pour l'Etat
contractant sulvant: AT 1. Proced6 utilisant de d'ADN recombinant pour la
production de nucldotides de sucre dans la fabrication de la gomme de
xanthane, comprenant: (a) la preparation d'au moins une sequence d'ADN
capable de diriger un autre micro-organisme 35       h8te a produire au
moins un nucleotide de sucre, dans laquelle ladite s6quence d'ADN comprend
au moins une region codante de sequences d'ADN choisies parmi les segments
d'insertion d'ADN sKf               de pAS7, pAS9 et pTS1 3 contenus dans
E. coli LE 392 et deposes sous ATCC 67 048, 67 050 et 67 047,
respectivement, ou de s~quences d'ADN qui s'hybrident auxdits segments
d'insertion d'ADN et codant pour les enzymes avec la m8me activit6; 40
(b) le clonage de la sdquence d'ADN dans au moins un vecteur capable d'8tre
transfer4 dans et de se repliquer chez un micro-organisms h8te, de tels
vecteurs contenant des 6l6ments pour 1'expres- sion des enzymes
biosynthetiques coddes par les sequences d'ADN; (c) le transfert des
vecteurs contenant les s~quences d'ADN dans un micro-organisms h8te capable
de produire au moins un nucl6otide de sucre sous la direction des sequences
d'ADN; 45       (d) la mise en culture du micro-organisme h8te dans des
conditions appropriees pour le maintien des vecteurs et la synthase des
nucleotides de sucre et facultativement; (0) la recolte du nucleotide de
sucre. 2. Procede solon la revendication 1, dans lequel le nucleotide de
sucre devant 8tre produit est l'UDP- 50     glucose. 3. Proced6 selon la
revendication 1, dans loquel le nucl6ctide de sucre devant 8tre produit est
l'UDP- acide glucuronique. 55  4. Proced6 solon la revendication 1, dans
[equel le nuclotide de sucre devant 8tre produit est le GDP- mannose. *25
EP 0 380 470 Bi                      | I||I|| |||||| ||||| ||||| || l|| * C
L  M   S* 5. Proced4 selon la revendication 1, dans lequel le vecteur dans
I'4tape (c) est choisi dans le groupe constitue de pAS7, pAS9 et pTS13
contenus dans E. coli LE 392 et deposes sous ATCC 67048, 67050 et 67047,
respectivement. 5  6. Proc~d4 selon la revendication 1, dans lequel ledit
h8te constitue une bacterie denitrificante. 7. ProcMd6 selon la
revendication 1, dans lequel ledit hote est choisi parmi les bacteries du
genre Clostridlum. 



7o  8. Procede solon la revendication 1, dans lequel ledit h8te est choisi
dans le groupe constitue de Pseudomonis putida, Pseudomonas cepacla,
Pseudomonas denitrificans, Pseudomonas fluores- cens, Pseudomonas stutzeri,
Escherichla coil et Enterobacter cloacae. 9. Article de fabrication
comprenant au moins un plasmide capable de diriger une cellule microbienne
a 75     synth6tiser au moins lune des enzymes choisies dans le groupe
constitu6 de l'UDP-glucose pyrophos- phorylase, I'UDP-glucose
d~shydrog6nase, la phosphoglucomutase, la phosphomannose mutase et la
GDP-mannose pyrophoshorylase, dans loquel le(s) segment(s) d'insertion
dudit (desdits) plasmide(s) comprend (comprennent) au moins une region
codante de sdquences d'ADN choisies parmi les U           segments
d'insertion d'ADN de pAS7, pAS9 et pTS13 contenus dans E coil LE 392 et
d6pos~s sous 20     ATCC 67 048, 67 050 et 67 047, respectivement, ou de
sequences d'ADN qui s'hybrident auxdits segments d'insertion d'ADN et
codant pour les enzymes avec la mame activite. 10. Proc6de pour la
preparation du plasmide pAS7, comprenant l'isolement dudit plasmide d'E
coil LE 392, d~pos4 sous ATCC 67048, d'une maniere connue en soi. 25 11.
Proced6 pour la preparation du plasmide pAS9, comprenant l'isolement dudit
plasmide d'E. coD LE 392, d6pos6 sous ATCC 67050, d'une manibre connue en
soi. 12. Procede pour la preparation du plasmide pTS13, comprenant
l'isolement dudit plasmide d'E. coil LE 30     392, depose sous ATCC 67047,
d'une manibre connue en soi. 13. Procedd pour la preparation d'un plasmide
capable de diriger la synthbse microbienne d'un ou plusieurs nucl~otides de
sucre choisis dans le groupe constitue de l'UDP-glucose, de l'UDP-acide
glucuronique et du GDP-mannose, dans lequel le segment dinsertion dudit
plasmide comprend au 35     moins une rdgion codante de s~quences d'ADN
choisies parmi les segments d'insertion d'ADN des plasmides prepares solon
l'une quelconque des revendications 10 a 12, ou de sequences d'ADN qui
s'hybrident auxdits segments d'insertion d'ADN et codant pour les enzymes
avec la mame activite, comprenant la construction dudit plasmide d'une
manibre connue en soi. 40 14. Proced6 pour la preparation d'un
micro-organisme de la souche X. campestris X872, ddpos6 sous ATCC 53471,
comprenant la mise on culture dudit micro-organisme d'une manibre connue en
soi. 15. Proc~d4 pour la pr~paration d'un micro-organisme de la souche E.
coil LE 392 (pAS7), depose sous ATCC 67048, comprenant la mise mise en
culture dudit micro-organisme d'une manibre connue en soi. 45 16. Procede
pour la preparation d'un micro-organisme de la souche E. coil LE 392
(pAS9), depos6 sous ATCC 67050, comprenant la mise en culture dudit
micro-organismo d'une manibre connue on soi. 17. Proced6 pour la
preparation d'un micro-organisme de la souche E. col LE 392 (pTS13), ddpos6
sous 50     ATCC 67047, comprenant la mise en culture dudit micro-organisme
d'une manibre connue en soi. 18. Proced6 pour la preparation d'un
micro-organisme qui comprend un plasmide solon l'article de fabrication de
la revendication 9, comprenant la transformation dudit micro-organismo avec
ledit plasmide d'une manibre connue en soi. 55 19. Proced6 pour la
preparation d'un micro-organisme qui comprend un plasmide prepare solon le
proced6 de la revendication 13, comprenant la tranisformation dudit
micro-organisme avec ledit plasmide d'une manibre connue en so!. 26    EP
1 380 470 B11111 llIII 1111 * c   L  r4  s * 20. Procede selon la
revendication 18 ou 19, dans lequel ledit micro-organisme constitue une
bacterie denitrificante. 21. Proc6de selon la revendication 18 ou 19, dans
loquel ledit micro-organisms est choisi parmi les 5      bact6ries du genre
Clostridium. 22. Procede la revendication 18 ou 19, dans lequel ledit
micro-organisme est choisi dans le groupe 



constitue de Pseudomonas putida, Pseudomonas cepacia, Pseudomonas
denitrificans, Pseudo- monas fluorescens, Pseudomonas stutzeri, Escherichia
coli et Enterobacter cloacae. 10 23. Plasmide pAS7, contenu dans E. coil LE
392 et depose sous ATCC 67048. 24. Plasmide pAS9, contenu dans E. coil LE
392 et depos6 sous ATCC 67050. 16 25. Plasmide pTS1 3, contenu dans E. coil
LE 392 et d6pos6 sous ATCC 67047. 26. Plasmide capable de diriger la
synthese microbienne d'un ou plusieurs nucleotides de sucre choisis dans le
groupe constitue de l'UDP-glucose, de l'UDP-acide glucuronique et du
GDP-mannose, dans lequel le segment d'insertion dudit plasmide comprend au
moins une region codante de sdquences 20     d'ADN choisies parmi les
segments d'insertion d'ADN des plasmides solon lune quelconque des
revendications 23 a 25, ou de sequences d'ADN qui s'hybrident auxdits
segments d'insertion d'ADN et codant pour les enzymes avec la meme
activite. 27. Micro-organisme de la souche X campestris X872, d6pose sous
ATCC 53471. 25 28. Micro-organisme de la souche E. coli LE 392 (pAS7),
ddposE sous-ATCC 67048. 29. Micro-organisme de la souche E. coil LE 392
(pAS9), depose sous ATCC 67050. 30 30. Micro-organisme de la souche E. coil
LE 392 (pTS13), depose sous ATCC 67047. 31. Micro-organisme comprenant un
plasmide selon l'article de fabrication de la revendication 9. 32.
Micro-organisme comprenant un plasmide solon la revendication 26. 35 33.
Micro-organisme solon la revendication 31 ou 32, dans lequel ledit
micro-organismo constitue une bact~rie denitrificante. 34. Micro-organisme
selon la revendication 31 ou 32, dans lequel ledit micro-organisme est
choisi parmi 40     les bacteries du genre Clostridium. 35. Micro-organisme
solon la revendication 31 ou 32, dans lequel ledit micro-organisme est
choisi dans le groupe constitue de Pseudomonas putida, Pseudomonas cepacia,
Pseudomonas denitrificans, Pseudomonas fluroescens, Pseudomonas stutzerl,
Escherichia coil et Enterobacter cloacae. 45 50 55 27    


