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GENETIC CONTROL OF ACETYLATION A}
PYRUVYLATION OF XANTHAN BASED
POLYSACCHARIDE POLYMERS

Technical Field

This application is a continuation-in-part of U.S. Patent
Application Serial No. 07/384,621, filed on July 25, 1989
hereby specifically incorporated herein by reference. This
application is also a continuation-in-part of U.S. Patent
Application Serial No. 07/566,875, filed August 13, 1990,
which is a continuation application of U.S. Patent
Application Serial No. 07/029,090, filed March 23, 1987,
which is a continuation-in-part application of U.S. Patent
Application Serial No. 06/844,435, filed March 26, 1986, all
of which are hereby specifically incorporated herein by
reference.

This invention relates to polysaccharide polymers. 1In
particular, it relates to xanthanépased polysaccharide
polymers, defined herein as polymers structurally similar to
xanthan gum and produced by components of the xanthan
biosynthetic pathway, including those xanthan-based polymers
modified so that the outer mannose can be specifically
acetylated but not pyruvylated, pyruvylatéd but not
acetylated, or unmodified while the inner mannose can be .
independently controlled to be acetylated or unmodified.

Xanthan gum is produced by bacteria of the genus
Xanthom as: in pafticular by microorganisms of the species
X. campestris. Xanthan gum is a widely used product due to
its unusual physical properties, i.e., its extremely high
specific viscosity and its pseudoplasticity. It is commonly
used in foods as a thickening agent and’ in secondary or
tertiary oil recovery as a mobility control and profile
modifid%tion agent, as well as in petroleum drilling fluids.

Chemically, xanthan gum is an anionic
heteropolysaccharide. The repeating unit of the polymer is a
pentamer composed of five sugar moieties, specifically two
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bacteria of thefganuflternate glucose moieties. Usually, this basic
' structure is specifically acetylated and pyruvylated, as

described, for example, by Janson, P.E., Kenne, L., and
Lindberg, B., in Carbohydrate Research, 45:275-282 (1975) and
Melton, L.D., Minot, L., Rees, D.A., and Sanderson, G.R., in
Carbohydrate Research, g§=24§-257 {1976), each of which is
specifically incorporated herein by reference. The extent of
acetylation and pyruvylation is known to vary. The structure
of xanthan qum is depicted in formula I below:
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In spite of the brt;ad utility of naturally-occurring.

* xanthan gum, there are some situations where its physical
properties become limiting. In particular, in secondary or
tertiary oil recovery it is not uncommon for the temperature
of the oil bearing reservoir and the salt concentrations in
the reservoir brine to be higher than are optimal for xanthan
solutions. When these conditions occur, xanthan can
precipitate, flocculate and/or lose its viscosity.

Therefore, new viscosifying products which perform well at
various conditions encountered during oil recovery, such as
higﬁ temperature and high salt concentrations would be

desirable. L i
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Xant hononas, in particular by nicroorganisms of the.gpecies X tcarpestris.
Xant han gumis a w dely A™ed product due to its unusual physical
properties,~ i.e., its extrenely high specific viscosity '
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specifically tmorhe present invention discloses a family of xanthan-based

polysaccharides having improved properties relative to
naturally-occurring xanthan gum. Modifications of xanthan
gum have been previously described. For example, Bradshaw et
al. (Carbohydrate Polymers, 3:23738 (1983)) describe methods

for preparing chemically-modified xanthan gum which is
deacetylated or depyruvylated. Various means of chemically
deacetylating xanthan gum produced by Xanthomonas campestris
also are described in U.S. Patent Nos. 3,000,790 and
3,054,689. ‘To date, the predominant method utilized for
these deacetylation processes has been chemical removal of
the acetate moieties from normally acetylated xanthan gum.
It has been found that chemical processes for deacetylating
xanthan gums can result in a number of undesirable side
effects and may cause hydrolysis of the glycosidic bacibone,
resulting in an irreversible change in the conformation of
the molecule and lowered molecular weight.

Some of the rheological properties of deacetylated xanthan
in agqueous media are known. See, e.g., Tako and Nakamura,
Agric. Biol. Chem. 48:2987-2333 {(1984) and U.S. Patents Nos.
3,000,790 and 3,054,689. Also, a2 method of increasing the
viscosity of an agueous solution using a deacetylated
polysaccharide is described in U.S. Patent No. 3,096,293.
Thus, a method for obtaining non-acetylated xanthan which
does not cause untoward side effects has been sought.

"  Xanthan gum can be chemically depyruvylated as well, as
described -by Holzwarth and Ogletree in Carbo. Res. 76:277-280
(1979). This chemical method of depyruvylation also can
alter the xanthan polymeric unit and/or cause hydrolysis of

, _ the glycosidic backbone. While a strain of X. campestris has

. been described in U.S. Patent No. 4,296,203 which produces

non-pyruvylated xanthan gum, this non-pyruvylated gum was
eithey fully acetylated or deacetylated using chemical means.

Ad%itionally, the extent of acetylation of the internal
mannose on the xanthan side chain and the extent of the
pyruvylation of the terminal mannose may vary. The present
inventors believe that a fully acetylated and/or fully
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Moreover, the present inventors have identified
polysaccharides which are based on alterations of the normal
xanthan pentamer building block. These polymers exhibit
improved rheological properties ‘over normal xanthan gum with
respect to shear rate, their ability to tolerate salinity and
their response to temperature as it affects their
viscosifying properties. These altered polysaccharides
include the polytrimer which is depicted below and the
non~acetylated polytetramer.
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These polysaccharides also include the acetylated and
non-acetylated polytrimer described by Vanderslice et al. in
copending- United States Patent Application Serial No. .

* 762,878, entitled "A Polysaccharide Polymer Made By
Xanthomonas, * f}led August 6, 1985, which is specifically
incorporated herein by reference.

An object of the present invention is to provide a family
of polysaccharide polymers which are better viscosifiers of
water than naturally-occurring xanthan gum. Another object
of the present invention is to provide a family of
polysaccharide polymers having improved rheological
prdberties over natﬁrally-occurring xanthan gum at elevated
temberatures and/or in the presence of salts and which
members possess other desired properties.
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An object of the present invention is to provide a family
of polysaccharide xanthan polymers in which the inner mannose
is acetylated or unmodified while the outer mannose is
acetylated, pyruvylated or unmodified.

It is also an object of the present invention to provide
an in vitro method for obtaining these products and
microorganisms having the ability to produce members of this
family of polysaccharide polymers in vivo. A further object
of the present invention is to. provide processes for
preparing members of this family of polysaccharides by
aerobically fermenting microorganisms having the ability to

- produce the various polysaccharide polymers.

It is also an object of the present invention to provide a
process for preparing members of this family of
polysaccharides by aerobically fermenting microorganisms
containing chromosomal mutations which give these
microorganisms the ability to produce the various
polysaccharide polymers. .

Additional objecfs and advantages of the invention will be
set forth in part in the description which follows, and in
part will be obvious from the description, or may be learned
by 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. : \

* Disclosure of the Invention

To achieve the objects and in accordance with the purposes
of the invention, as embodied and broadly described herxein,
there is provided a composition comprising a polysaccharide
polymer having a D-glucose: D-mannose: D-glucuronic acid
ratio of about 2:2:1, wherein the D-glucose moieties are
linkeq in a beta~-{1,4] configuration, inner D-mannose
moieties are linked in an alpha-{1,3) configuration,
gener&lly to alternate glucose moieties, the D-glucuronate
moieties are linked in a beta-[1,2) configuration to the
inner mannose moieties and outer mannose moieties are linked

to the D-glucuronate moieties in a beta~[1,4] configuration.
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To further achieve the objects and in accordance with the
purposes of the present invention, there is provided a
composition comprising xanthan gum wherein the inner mannose
moieties are acetylated at the 6-0 position. Another
structure contemplates both the inner and outer mannose
moieties being acetylated. A further structure is provided
having a portion of the outer mannose moieties pyruvylated at
the 4-6 position and a portion acetylated. Another structure
is provided with the outer mannose moieties pyruvylated at
the 4-6 position and -the inner mannose moieties acetylated at
the 6-0 position. Two.additional structures are provided,
one having the otiter mannose moieties pyruvylated at the 4-6
position and the . other having the ocuter mannose moieties
acetylated. :

To further achieve the objects and in accordance with the
purposes of the invention, as embodied and broadly described
herein, there is provided a composition comprising a
polysaccharide polymer having a D-glucose: D-mannose:
D-glucuronic acid ratio of about 2:1:1, wherein the D-glucose

’ moieties are linked in a beta-[1,4] configuration, the
D-mannose moieties are linked in an alpha-[1,3]
configuration, generally to alternate glucose moieties, and
the D-glucuronate moieties are linked in a beta-[1,2)
configuration to the mannose moieties. This polysacchar%de
_polymer is herein termed "polytetramer” because it consists
of ‘a repeating tetramer unit: glucose-glucose-mannose-
glucuronic acid.* There is also provided a polytetramer
composition, as described above, wherein at least 90%,
preferably 95% and most preferably 100% of the mannose
moieties are acetylated at the 6-0 position as well as a
polytetramer which is non-acetylated.

Also, the present invention relates to a xanthan gum
herein referred to as “fully acetylated xanthan gum," wherein
at lgast 90% of the internal mannose moieties are acetylated,
preferably 95% and more preferably 100%, are acetylated.
Also, the present invention relates to a xanthan gum wherein
at least 90% of the terminal mannose moieties, preferably 95%
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properties ofpfisdectiont6f ¥Rat pallysaccharide polymers described above.
The polysaccharide polymers of this invention can be made
generally by genetic manipulations of the microbial
biosynthetic pathways'which lead to the production of
polysaccharides. In particular, microbial pathways for the
production of xanthan gum may be manipulated to create an in
vivo or in wvitro system for the production of an altered
polymeric unit. Thus, systems can be created through the.use
of mutated Acetylase I, Acetylase II and Ketalase genes, in
particular, to create polysaccharides which are acetylated or
pyruvylated to varying degrees. - For example, it is
contemplated ‘that xanthan gum which is 10%, 20%, 30%, 40%, or
50% can be synthesized as well as xanthan which is 10%, 20%,
30%, 40%, S0%, 60%, 70%, or 80% pyruvylated. Microorganisms
which produce the present polysaécharide polymers in wvivo and
methods of using these polysaccharide polymers are also

) disclosed.

The inventors also describe an in vivo system for the
production of an altered polymeric unit where the mutated
genes are incorporated into the chromosome of the
micrdorganism rather than in a recombinant plasmid. This
chromosomal deletion mutation is advantageous because it
eliminates potential problems with plasmid maintenance, and
also could contribute to strain stability. _

- It is understood that both the foregoihg general
description and the following detailed description are
exemplary and explanatory only and are not restrictive of the
invention, as claimed. The accompanying drawings, which are
incorporated in and constitute a part of this specification,
illustrate various embodiments of the invention and, together
with the description, serve to explain the principles of the

invention.
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I n aqueous nedi a are known. -See, e. ‘Tako and-Nakanura, Agric. Biol.

Chem 48:2987-2993 (1984)_and U. S Patents Nos. 3, 000, 7@0 and 3, 054, 689.

Al so, a nethod of |ncrea5|n the VISCOSIty of an aqueous sol ution usi.ng a
deacet y e og/199$3/sac i ‘F"Bed in U S. Patent NoPCI/US92/838E8 -
Thus, a npethod for obt tylated xant han whi ch does not cause
untoward side effects Xagthhan gum can be chem cally
depyruvyl ated as wel |, as descrlbed by Hol swarth and Ogl etree in Carbo.
Res. 76:277-280 (1979). This chem cal nethod of depyruvylation al so.can
alter the xanthan polyneric unit and/ or cause hydrolysis of the glycosidic
backbone VWhile a strain of 8z m’r thicon  dife ethed arawi in u. S

Pat ent 4,296, 203

non- pyruvyl at ed gu%gn MSEC% %ﬁ%ﬁe *%@/‘J'cfai cﬁﬁgce yla ed usl]f‘u%
chem cal rreans reglommﬁ tﬁltﬂlaﬂ!hsﬂmQM%mfeL&_W ithatofcantains a
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pyruvylatlon of t mannose var present _inventors
bel i eve that aan@ %Rxﬁ%ﬂ%ﬁéﬂ“%ﬁﬁmﬁb*%ﬂq 1ocatlons of these twelve

genes relative to the BamHI restriction map.

Figure 1b shows some restriction sites in and around genes
F and G and the DNA sequence at the junction of genes F and
G. .

Figure 2 depicts the construction of a deletion mutation
(delCla) within gene gumF of the gum gene cluster.

Figure 3a shows the structure of plasmid pl3delCla derived
from pRK290-H336 by in vivo insertion of transposon TnK1l2
into the vector portion of pRK290-H336 in the approximate
location shown in the figure and the subsequent deletion as
described in Figure 2 of the 660 base pair Clal DNA fragment
within gene gunF.

Figure 3b shows the structure of plasmid pH336KBmldelCla
which is similar in structure to pl3delCla, containing the
same 660 base pair deletion within gene gumF. This plasmid
contains an insertion mutation (KBml) at the BamHI site
within gene gumG. The DNA fragment inserted there is a BamHI
restriction fragment carrying the kanamycin-resistance gene
of plasmid pUC4-K. '

Figure 4 depicts the chemical structure, and a schematxc
representation, of the repeating unit of the polytetramer
variant ¢f xanthan gum. .

Figure 5a shows the structure of plasmid pHA3KBm2delCla
derived from pRK290-HA3 which is identical to pRK290-H336
except that it does not contain the 1.4 kb and 1.5 kb BamHI
fragments of the X. campestris gum biosynthetic operon DNA
and therefore lacks genes B and C but contains genes D
thrqugh M. pHA3KBm2delCla contains the gene gumF deletion
mutation described in Figure 2 and an insertion mutation in
the BamHI site of gene guml. The inserted DNA is again a
BamHI restriction fragment of pUC4-K which carries a gene
conferring kanamycin resistance.
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Figure 5b shows the extent of a chromosomal deletion
mutation present in X. campestris strain X1106 with genes D
through M being deleted, while B and C are intact and
functional in the chromosome.

Figure 6 depicts schematic representations of the.
structures of repeating units of the polysaccharides produced
by wild-type X. campestris and mutants defective in genes F,
G, or L and all possible combinations of mutations in genes
F, G, and L. Abbreviations used are: G = glucose; M =
mannose; GA = glucuronic acid; Ac = acetate; Pyr = pyruvate.

Figure 7a shows a map of a 4.3Kb BalII fragment of the gum
gene cluster that contains the gum F and gum G genes.

Figure 7b shows the deletion mutation of the Cla I
fragment internal to the gum F gene.

Figure 7c shows deletion of the second Cla I fragment
which creates an in-frame fusion of the proximal portion of
the gqum F gene with the distal portion of the gum G gene.

Figure 8 shows the two-step recombination procedure as
described in Example 5.

‘ Figure 9 depicts a viscosity comparison between wild-type
and non-pyruvylated gums. '

Figuré 10 depicts a viscosity comparison between
nonacetylated and chemically-deacetylated gums.

Figure 1l depicts the approximate physical location of 3
TnKl2 insertion mutations within the cloned gum gene cluster
DNA‘of recombinant plasmid pRK290-H336. This figure also
shows the ‘approximate locations of Spel restriction
endonuclease cleavage sites in pRK290-H336.

Figqure 12 depicts the presumed pathway of xanthan gum
biosynthesis. Abbreviations used are: Glu=Glucose;
GluA=Glucuronic acid; Man-Mannose; Glu-Glu=Cellobiose;
P=Phosphate; PP=Pyrophosphate; CS55=Isoprenoid Lipid Carrier;
PEP=Pﬂbsphoenolpyruvate; AcCoA=Acetylcoenzyme A; I-

=Glycbsyltransferases; UDP=Uridine 5 diphosphate; and
GDP=Guanosine S‘~-Diphosphate.
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Best Mode for Carrving Out the Invention

Reference will now be made in detail to the presently
preferred embodiments of the present invention which,
together with the following examples, serve to explain the
principles of the invention. All references referred to
herein are hereby specifically incorporated herein by
reference. :

The polysaccharide polymers of the present invention have
been described in detail above. These polysaccharide
polymers can be produced in witro with a cell-free enzyme
system or can be produced in vivo by growing cells of an
appropriate mutant strain. Other means of preparing the
polysaccharide polymers are also described below.

In Vitro Polysacc de esis '

The basic method relating to the use of a cell-free system
to make non-variant xanthan gqum is described by Ielpi, L.,
Couso, R.0., and Dankert, M.A. in FEBS Letters 130:253-256
{(1981), specifically incorporated herein by reference. It
has been found that a modified version of this method may be

. employed to create the wvariant polysaccharldes of this
invention.

For this novel, modified method, the in vitro cell-free
system is prepared generally by lysing cells of a
microorganism of the genus Xanthomonas, preferably
~Xanthomonas campestris, in the presence of a suitable buffer,
préferably including EDTA, and obtaining the appropriate
biosynthetic enzymes which are able to subsequently process
exogenously added substrates. This general method for this
in vitro system in described in U.S. Patent No. 4,713,449 of
Vanderslice et al., specifically incorporated herein by
reference. Alternate means of lysis may be used, including
but not limited to sonication, French Pressure cell,
detergent treatment, enzyme treatment and combinations
ther}of. .

Generally, to produce the variant polysaccharides of the
present invention, a lysate of a microorganism possessing the

" enzymes required to assemble the desired polysaccharide is




non- acetyl ated. pol ytri nmer descri bed by Vanderalice et al. in copending
United States Patent Appkication Serial No. 762,878™entitled "A
Pol ysacchari de Pol yher iMidde By Xant hononas," filed August 6, 1985, which
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present 1nvention is to provide a famly of polysaccharide polynmers which
are better viscosifiers of water than natukkhl+y-occurring xanthan gum
Anot her object of the present invention is to provide a famly of

pol ysacchari de pol yners having i nproved rheol ogi cal properties over
natural l y-occurring xanthan gum at elevated tenperatures and/or in the

presence of tafwbatad Whthhthee RRRTOPHice SubitrateRsi vlichs opepending
on the gqum desired, may include UDP-glucose, GDP-mannose,
UDP-glucuronic acid} acetyl-CoA and phosphoenolpyruvate. The
choice of substrates is dependent on the polysaccharide which
it is desired to produce. For example, a non-acetylated
polysaccharide is obtained by eliminating acetyl-CoA as a
substrate. Similarly, a non-pyruvylated gum is obtained by
eliminating phosphoenol-pyruvate as a substrate. Chemical
and/or enzymatic treatment of the cell lysates in order to
deplete endogeneous substrates will be evident to one skilled
in the art. : - :

In addition, cell-free systems may be created from mutant
organisms deficient in one or more of the enzymes of the
xanthan biosynthetic pathway (for example, the pathway set
forth in Figure 12). Such mutant-derived cell lysates would
produce éhe variant gums described herein, either due solely
to the mutation or due to the mutation in combination with a
withheld substrate. For example, a cell-free system created
from a mutant culture lacking Transferase V would produce
polytetramer while the same cell-free system, when no acetyl-
CoA was present, would produce non-acetylated polytetramer.

The biosynthetic process may, in one embodiment, be
monitored. by the incorporation of radiolabeled substrates
into the polymeric units. Other methods may also be used to
allow identification of the biosynthetic intermediates that
are known to those of ordinary skill in the art. In
particular, chromatographic methods have been developed to
separate and to identify the oligosaccharide intermediates.
These include thin layer chromatography and high-performance
liquid chromatography.

The cell-free biosynthesis of xanthan has been found to be
a time-dependent, sequential process that is dependent on the
additiqh of all three specific nucleotides. The background
of nonﬁppecific incorporation of labeled substrate is minimal
and does not interfere with the detection of the xanthan-

specific polymer in the gum fraction.
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An object of the present invention is to provide.a famly of

pol ysacchari de xant han_pol yffers i n-whi ch the inner manfose is acetylated or
unnodi fied while the outer nannose |s acetyl ated, pyruvylated or

unnodi f iW@.92/19753 s alhi ?edthe present |nvent|m/@58?m an
in vitro.nmethod for obt roducts and m croorgani sns having the

ability to produce nenb
-A further object of the present invention is to provide processes for

Vi vo.

nily of IWwlysacchari de polyners in

preparing menbers of this famly of polysaccharides by aerobically
fermenting n1croor%?n|sns having the ability to

e involvement of lipid carriers, specifically isoprenoid
pyrophosphate, has been shown in several polysaccharide
biosynthetic pathways. Additionally, the involvement of
pyrophosphoryl-linked lipid carrier in xanthan biosynthesis
has been demonstrated. Thus, the xanthan biosynthetic
intermediates have been found to be recoverable in the
organic soluble fraction with these carrier lipids.- The
recovered oligosaccharide can subsequently be freed from the
carrier lipid by mild acid hydrolysis, for example, pH 2 for
20 minutes at 90°C and dephosphorylated with alkaline
phosphatase for analysis.

Using these methods for recovery of intermediate products,
it has been discovered that, under in vitro conditions,
certain lysates of X. campestris mutants will produce non-
acetylated or non-pyruvylated xanthan gum even in the
presence of all substrates required for non-variant gum
synthesis. In light of the teachings herein, these methods
will enable one.skilled in the art to identify cell lysates
which producé other altered polysaccharides.

In Vivo Polysaccharide Synthesis

The development of the cell-free synthesis process for the
polysaccharides described above demonstrates that various
Xanthomonas campestris cells have all the enzymes necessary
to synthesize xanthan-based polymers that have the mannose
residues acetylated, pyruvylated or unmodified. However; to

use whole cells to synthesize polytetramer in vivo, a means

for blocking xanthan gum synthesis at Reaction V (see Figure
12) would be required. Moreover, in order for the whole
cells to synthesize non-acetylated polytetramer, means for
blocking the acetylation reaction (see Figure 12) as well as
reaction V would be reguired.

Furthermore, for whole cells to synthesize non-acetylated

.xanthan gum, a means of blocking the acetylation of either
L 4

the;;nner or outer mannose during xapthan gum synthesis would
be required. Additionally, for the whole cells to synthesize
non-acetylated, non-pyruvylated xanthan gum, a means of

blocking xanthan gum synthesis at both the acetylation and



produce the. various polysaccharide pol.yners. . It is also an object of the
present invention to provide a process for preparing henbers of this famly
of pol ysacchari des by aerdbically " fernentlng nlcroorg ni sms cont ai ni ng
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polymer having amp:glieeats,DiMR103i5y Bu¥ HoY 99k edd Yo Tni0, Tnri2
{Tnl0 dell6dell7KanR), and Tn903, can be used to mutagenize
Xanthomonas campestris. These transposons, in one
embodiment, confer resistance to tetracycline or kanamycin.
Transposons have the ability to insert themselves into genes
wherein they cause mutations by interrupting the coding
sequence. The transposons can be introduced into Xanthamonas
campestris on various vectors, including on so-called suicide
vectors, such as pRK2013. Vector pRK2013, as described by

. Ditta, G., Corbin, D. and Helinski, D.R. in Proc. Natl. Acad:
Sci. U.S.A., 77:7347-7351 (1980), specifically incorporated
herein by reference, has the ability to transfer itself into
non-enteric bacteria, such as Xanthomonas campestris, but
cannot replicate in that host. Thus, if the suicide vector
is introduced into a population of Xanthomonas campestris
cells and that population is subsequently challenged with
. either tetracycline or kanamycin, the individuals which

survive are those in which one of the transposons has
inserted into the genome of Xanthonomas campestris.
Survivors of such a challenge can be screened for those which
have lost the ability to make xanthan gum. Such mutants may
appear less mucoid than mold-type Xanthonomas camgestris.\

In other embodiments of the invention, other means of
mutagenesis can be employed to generate mutants that do not
acetylate and/or pyruvylate the gums.they produce. Such
means will readily occur to one skilled in the art, and
include, without limitation, irradiation, recombinant DNA
technology (in particular, as described in United States
Patent Application Serial No. 07/333,868 of Capage et al.,
entitied *Recombinant~DNA Mediated Production of Xanthan
Gum,"lfiled April 3, 1989, and incorporated specifically
herein by reference, and in Example 1 below) and chemical
mutagen treatment. Examples of such mutagenesis procedures
have been described by Miller, J.H. in Experiments in




rati o of about 2:2:1; wherein Ehe'DJQIucose'nDietiés are ‘linked in a
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D-glucuronate noi eti es
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conflgura enerally to alternate glucose
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Molecular Genetics (1972); Davis, R.W{, Bostein, D. and Roth,
J.R. in Advanced Bacterial Genetics (1980); and Maniatis, T.,
Fritsch, E.F. and Sambrook, J. in Molecular Cloning (1982),
Cold Spring Harbor.

Although mutants can first be chosen which appear less
mucoid. than wild-type organisms, those desired generally
retain the ability to make some polysaccharide. Cell-free
extracts of each of the xanthan mutants can be prepared and
tested as noted above by the addition of different
combinations of substrates and analysis of the resultant
products.

Alternatively, appropriate mutants can be detected by
assaying the culture proth of each mutant for the presence of
the desired polysaccharide, e.g., xanthan gum which has the
outer mannose acetylated but not pyruvylated, pyruvylated but
not acetylated, both pyruvylated and acetylated or unmodified
while the inner mannose is acetylated or unmodified. Thus,
mutants can be .found which appear to be blocked at various
positions of the xanthan gum pathway. Mutants of Xanthomonas
campestris which produce xanthan gum that is acetylated at
the inner mannose and acetylated at the onter mannose
(X1397), acetylated at the inner mannose and pyruvylated at
the outer mannose (X1398), acetylated at the inner mannose
and unmodified at the ocuter mannose (X1399), unmodified at

the inner mannose with a portion of the outer mannose

moifeties pyruvylated and a portion acetylated (X1400),
unmodified at the inner mannose and acetylated at the outer
mannose (X1401), and unmodified at the inner mannose and
pyruvylated at the outer mannose (X1402), and unmodified at
the inner mannose and unmodified .at the outer mannose
(X1403), have each been placed on deposit at the American
Type Culture Collection, Rockville, Maryland, under Accession
Nos. ;68033, 68034, 68035, 59036, 68037, 68038 and 68039,
resp?ctlvely.

A mutant of Xanthomonas campestris which produces non-
acetylated xanthan gum (X1006), a mutant which produces non-
pyruvylated xanthan gum (X921), 2 mutant which produces




To further achieve the objects and in accordance with the purposes of- the
present invention, thgre-is provided a conposition cGhprising xanthan gum
wherein the.i nner mannose hoieties are acetylated at the 6-0 position.
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bei ng atetylated. A f ' € is provided having a portion of the
out er nmannose noi et e%]ﬂ Hmﬂfkﬂ %t “the 4-ggposition and a portion
acetylated. Another st vi ded mntﬁ t he outer nmannose noieties
pyruvyl ated at the 4-6 position and the inner nmannose noieties acetyl ated
at the 6-0 position. Two additional structures are provided, one having the
outer nMannose XEntidwsgwr cuytainingt 1oweldvélpost t ppruapliathenoihesshatdig
2nd i n accor dHE @b HRC  FETRERRYBRRBror B9 P4 brt T ra “RELERE HREaRamroduces
broadl y descr inm-deetybatedernonspyruvyliated xanthantgum (XhR3L¢pRJKS22))
pol ysacchari dg, 3Rl YdEenh NB¥éAYpPalld! 85 036pos) €BEE0E e American Type Culture
Collection, Rockville, Maryland, under Accession Nos. 53472,
53473, 53474 and 67344 respectively.

Mutants of Xanthomonas campestris which produce variants
of xanthan gum and which contain chromosomal mutations have
also been produced, by way of .example only, X1910 is
described in Example 5 which produces polymer unmodified at
the inner mannose and pyruvylated at the outer mannose.

It is not beyond the scope of the invention to employ
enzyme inhibitors of Acetylase I, Acetylase II, Transferase
V, and Ketalase to arrive at the same products. Still other
alternatives for producing this family of polysaccharides are
contemplated, including enzymatic and chemical degradation of
natural xanthan gum. S '

The mutants can be grown under conditions generally known
in the art for growth of wild-type Xanthomonas campestris.

’ For example, they can be grown on suitable assimilable carbon
sources such as glucose, sucrose, maltose, starch, complex
carbohydrates such as molasses or corn syrup, various organic
acids and the like. Mixtures of carbon. sources can alsc be
employed. The concentration of carbon source supplied is
often between 10 and 60 grams per liter. Also necessary‘for
'gr0wth are an assimilable source of organic or inorganic
nitrogen, generally between about 0.1 and 10.0 grams per
liter, and minerals, the choice of which are easily within
the skill of the art. Examples of suitable nitrogen sources
are ammonium salts, nitrate, urea, yeast extract, peptone, or
other hydrolyzed proteinaceous materials or mixtures thereof.
Examples of suitable minerals include phosphorus, sulfur,
potaésinm, sodium, iron, magnesium; these are often added
with /a chelating agent such as EDTA or citric acid.

Optimal temperatures for growth of Xanthomonas campestris
generally are between 18° and 35°C, preferably between about
27° and 30°C. Xanthomonas campestris cells are grown




D-glucurohic acid ratio of-ahout 2:1:1; wherein the E%QLgcose noi eties are
linked in a beta-[1,4]._configuration, the D -mannose noieties are linked in
an alpha-|ép§% configuration, generally to alternate gl.ucose _moieties, and

the D g e noi Btis Seet HascBepri Replackdi n a beta-[ 1, 2] conf FGRFUSIZ3448 ¢ he
mannose noieties This pol ymer is herein terned
"pol ytetraner because i "a repedﬁrﬁ)tgtraner units

gl ucose- gl ucose- mannose- glucuroantic acid. There is also provided a
pol ytetraner conposition, as described above, wherein at |east 90%

preferably 95% and, nost _preferably 100% of the mannose npieties are
acetyl ated at BREOBiSaldy B0 FuRD 2d T OF QRYSENa FOr thAtc AN @dequate

non-acetyl at edlevel AIfSdissldviedeoxygennienadhtadnalics for exanplean abve .
A X PRl e T e DO I,
preferably 100&pourte 2886t yThecpH oftlenoist meiptedaed iatvebbutnér8l &be8.0q a
xanthan gum whereil a1l b22abodd%%26 kR 8,m nal mannose noieties,
preferably 959 :

The polysaccharides of the present invention can be
recovered from fermentation broths by a suitable means.
Precipitation with isopropanol, ethanol, or other suitable
alcohol readily yields the polysaccharides of this invention.
Generally, alcohols are added to a concentration of about S0
to 75%, on the basis of volume, preferably in the presence of
potassium chloride, sodium chloride or other salt.
Alternatively, the polymers can be recovered from the broth
by ultra~filtration.

Mobility control solutions for use in enhanced oil
recovery may also be prepared from the variant polysaccharide
polymers disclosed herein. Solutions of the polysaccharide
polymers at concentrations of from about 50 to about 3000 ppm
are appropriate for such mobility control solutions. Other

) khown additives may also be used in combination with these
solutions to further enhance oil recovery. Such additives
include, for example, surfactants, alkaline agents or metal
or organic crosslinking agents. .

The polysaccharide polymers, like xanthan gum, can also be
used as thickening agents in foods, cosmetics, medicinal’
'formulations, paper sizing, drilling muds, printing inks, and
the like s-and as a gelling agent. In addition, they can be '
used to reduce frictional drag of fluid flow in pipes.

EXAMPLES

The followihg examples illustrate certain of the preferred
embodiments of the present invention. All United States
patent applications and other references cited in these
Examples are specifically incorporated herein by reference.

', EXAMPLE 1
This example demonstrates that there are two X.
campestris genes which encode enzymes that catalyze
acetylation of xanthan gum.




REPLACEMENT . SHEET -7- and nore

preferably 100@6 are pyruvylated herein referred to as "fully-pyruvyl ated

xant han gum' Thi.s i nvéhtion al'so contenpl ates processes for the

producw(ﬂ $2/2674she pol acc iaysaers descri bed above.pdiiS92/03448 -

pol ysacchari de poI y %/'T ii ﬁh\m\‘ tion can be nmade generally by genetic
m

mani pul ati ons of the - 17 -

Capage et al., U.S. patent application Serial
No. 07/333,868, described the nucleotide sequence of a 16 kb
segment of X. campestris DNA that contains a gene cluster
required for xanthan gum biosynthesis. Mutations were
isolated that inactivated each of the genes identified by the
DNA sequence. The phenotypes of mutant strains carrying
these mutations were determined. Mutations in gene gumF (see
Figure la), caused by transposon insertion, resulted in
production of xanthan gum that contained no detectable
acetate. Insertion mutations in gene gumG did not result in
any obvious defect in xanthan gum biosynthesis. Mutants with
gene gumG defects produced high levels of xanthan gum, and

. this gum contained all of the normal constituents of xanthan
in approximately normal molar ratios. On the basis of these
initial results, it was concluded that gene gumF encoded an
enzyme that catalyzed the known acetylation of the inner
mannose -of xanthan, while the activity of the gene gumG
protein remained unknown. ' '

However, when the DNA sequence was used to predict

. the amino-acid sequences of the broducts of genes F and G
{gpF and gpG), these proteins were found to have extensive
homology to one another. This finding indicated that the
functions of gpF and gpG might be similar. The phenotypes of
mutants defective in gene gumG were subsequently reexamingd,
and the compositions of xanthans produced by these mutants
werk precisely guantitated. These data showed a small (5%-
10%) but significant decrease in the acetate content of gum
produced by G mutants as compared to wild-type X. campestris.
Therefore further experiments were performed to determlne
‘what role gpG might have in acetylation of xanthan.

The hypothesis that gpG normally directs 10% of the
acetylation of xanthan gum was seemingly contradicted by the
obserﬁ?tion that transposon insertion mutations in gene gumF
resulthéd in elimination of acetylation. Clearly, these
mutant gums did not retain 10% of the normal acetate content.
However, it was possible that insertions in gene gqumF reduced



bi.osynthetic pathways which lead to the production of.polysaccharides. In
particul ar, n1crob|aL.pathmays for- the production of xanthan gum may be
mani pul ated to create _an |n VIVO in vitro systemfor the productien of

an al t ewexioe9353er i c ns can be created t hPEEGUSIZHB448 e of
nmut at ed Acetyl ase I, lu U\ Ket al ase genes, in particular, to
create polysaccharldes yl ated ®8 pyruvylated to varying
degrees. For exanple, it is contenplated that xanthan gumwhich is 10%
20% 30% 40% or 50% can be synthesized as well as xanthan which is 10%
20% 30% 40% 50%, 60%2%8% or 0% ruvyl ted. M croorgani sns which
produce the pﬂ%% e | SXPHS %ﬁ%?s° NSRS IUBE 38t hoBesSBEt (Rf ngo-
t hese pol ysacoteliet® md»mv seffeces so Msei-ﬁsms of TG genNerdidly BédGce

where the mut SAIFCRERal SF Sndg1ofL08s Wads Cradl, A SRR ¥ T !

m cr oor gani smt@mrxmmln fromcthei tnserplon nsite ™S scepdr ted soyml

del eti on nut aty QuhjifeAIMRNSORLS, begaySambl. Bio. 97:561-575 (1975).
Moreover, the reduction can be qﬁite severe in instances
where the downstream gene is “transiationally coupled" to the
gene containing the insertion mutation as reported by
Oppenheim, D.S. and Yanofsky, C., in Genet. 95:785-795
(1980). Translational coupling is a phenomenon wherein the
translational stop signal of one gene overlaps the
translational start signal of an adjacent downstream gene.
In some cases where such coupling occurs, the initiation of
translation of the downstream gene is largely or entirely
dependent on termination of translation of the upstream gene
occurring at the coupler. Thus, insertions in the upstream
member of the coupled genes can dramatically reduce, or even
elimihate; expression of the downstream gene because these
inserts invariably cause frame shifting and premature

, termination of translation of the upstream gene.

The DNA sequence of the gum gene cluster revealed
that the translational stop of gene gqumF does overlap the
translational start of gene gumG, i.e., the two are “coupled"
(see Figure 1b). Moreover, the sequence of the. translational
initiation signal for gene gumG is not particularly strong,
which suggests that the translational coupling might play a
significant role.in gene gqumG expression. 7To test this
hypothesis, a deletion mutation (as shown in Fig. 2) was
constructed within the coding sequence of gene gumF. This
deletion eliminated 660 base pairs between the Clal sites
within gene gumF. The deleted DNA falls entirely within the
coding segquence of gene gumF, and no foreign DNA is inserted.
Thus, the deletion removes a large portion (approximately
60%)2 f the gene but does not alter the reading frame since
the number of base pairs deleted is evenly divisible by 3.
The mutant gpF produced by this deletion mutation (gpFdel) is
missing 220 amino acids out of a total of 364, but the



elimnates potential problems with pl-asmd maintenance, and also .could
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translational start of gene gqumF and the gene gumF
translational stop, coupled to the start of gene qumG, remain
unaltered. The elimination of two-~thirds of the amino acid
residues of gpF is very likely, although not certain, to
result in elimination of all protein activity. Thus, any
residual acetylase activity froﬁ this mutant is most apt to
be due to activity of gpG.

This Clal deletion mutation was constructed on
plasmid pRK290-H336.13 (Figure 3a) which carries an otherwise
wild-type gum gene cluster and an insertion of transposon
Tnl0 dellé dell7 KanR described by Way et al., in Gene
32:369-379 (1984) and here termed TnKl2, located within the
vector position of the plasmid. The TnK1l2 insertion provides
convenient drug resiséagces,for-selection-of plasmid
transfer. The deleted plasmid, termed pl3delCla, was
transferred into the X. campestris Gum deletion strain
X1231, which is missing genes B - - M, and polysaccharide
produced by the resulting strain X1231(pl3delCla) was
analyzed. This gqum contained a low but significant amount of
acetate; roughly (10-15)% the amount normally found in wild-
type xanthan. This result indicated that both gpF and gpG
are acetylases and that the bulk of acetylation of xanthan is
catalyzed by gpF with a minor component of xanthan
acetylation being catalyzed by gpG. However, it remained a
possibility that the low level acetylation observed in the

‘mutant X1231 (pl3delCla) resulted not from the activity of

gpG, but from a residual activity of gpFdel. To address this
issue, a double mutant derivative of plasmid pRK290-H336 was
constructed.. As shown in Figure 3b, this double mutant
combined the gene gumF Clal deletion mutation and an
insertion mutation (XBml). in gene gumG. The double mutant
plasmid pH336KBmldelCla was transferred into strain X1231,
and tﬁe polysaccharide produced was analyzed. If the low
1evel)acety1ation observed in gum produced by
X1231(pl3delCla) results from the activity of gpG, then the
double mutant X1231(pH336KBmldelCla) should eliminate gpG
activity by virtue of the insertional mutation in gene gumG,



- 8- . : Bri ef Q?scriprhon'of the Drawings. - Figure la shows
the Bam | restriction,map gf‘a 16 kb region of the chroﬁﬁsone of X
canpestris that contains a cluster of twelve genes required for

bi osynt FE@9/M5% ant hamisaRe Bds BeenTapm&d t he approxi mat e 1 oc AGIIHSIHO3M4Fse -
twel ve genes relative t striction map. Figure | b shows sone
restriction sites in anﬁumﬁmmsmx a F and @lnd the DNA sequence at the
juncti-on of genes F and 2 depicts the construction of a

del etion -mutation (delCa) within gene gunt. of the gum gene cluster.

Figure 3a shows the structuyre of plasmd. pl3del Ca derived from pRK290-H336
by in vivo i ns@S &P Foaty: r?hﬂ’@f’z qpen SR SFect FE pHOWENET ofthe real

PRK290- H336 i n sidircp i ddetiyd Atder) iawtistiawn inn XU2S1f(ipgBdeldld )t H& the

subsequent del%@ﬁﬁlﬁ*ﬁdeel, the addition of the gene gumG insertion should
not affect acetylation, and the same 10% level observed in
X1231(pl3delCla) should be seen in gum produced by the double
mutant strain. The polysaccharide produced by strain
x1231{pH336KBmldelCla) was found to contain no acetate. This
proved that gpG does catalyze acetylation of xanthan and
that, in wild-type strains, gpG is responsible for roughly
10% of the total acetylation that is observed.

EXAMPLE 2

This example demonstrates that the target residue for
acetylation by gpG (but not gpF) is the outer mannose of the
xanthan repeating unit and that this acetylation is enhanced
when pyruvylation of the outer mannose is blocked.

Mutations in gene guml (Figure la) of the xanthan
biosynthetic gene cluster were previously shown to inactivate
the ketalase enzyme which catalyzes pyruvylation of the outer
mannose. Mutants lacking gpL activity produce xanthan gum

. devoid of pyruvate. However, initial studies of such mutants
revealed that these non-pyruvylated polymers contained
unusually high levels of acetate, generally > 0.8 acetate/
mannose. Thus, the outer mannose can be efficiently
acetylated when pyruvylation is genetically blocked and
further studies have shown that this acetylation is catalyzed
by gpG and not gpF.

In order.to examine the interaction of the two
acetylase genes with the ketalase gene and each other, a set
of eight mutant strains comprising all combinations of
mutations in gene gumF (Acetylase 1), gene gumG (Acetylase
I1), and gene gumL {Ketalase) were constructed. The various
combinations of mutations were constructed on plasmid pRK290-
H336; which contains the entire gum gene cluster.

} The gene gumF mutation employed in these
constructions is the in-frame deletion within this gene. As
described above, this deletion eliminates 660 base pairs
between the Clal sites located within gene gumF. The deleted



described in Figure 2 of the 660 base pair Cal DNA fragnment wi thin gene
gunf. Figure 3b shows ke structure of plasmd pH336XBn del G a which is
simlar in structure to pl3del d a, contalnlng t he sane 660 base pair -

del et cwowzyimsageneT tH m d contains an i‘nserPCHAUSHZ/O3448N .
(KBnl) at the BanH a gunG. The DNA fragnent inserted there
I s a BanHi restrlctlo yiing theskapanyci n-resi stance gene of

pl asm.d pUC4- K F|gure 4 depicts the chem cal structure, and a
schemati € representatlon of the repeating unit of the polytetraner
vari ant of xanthan gum " Figure 5a shows the structure of plasmd

pHA3KBnR2del Cl eDNA dfxlledeht ire bReDEh HA3thvéi cbding i segqtieneé b6 gBK&Q@g@@ 36
the X ' canpedti dig EereEh bl 18 dnfetbedmine, hlibler i bAIRALY AR o
and C but contkA¥ge jeoetion (%ﬂP@%ﬁﬁmﬁt hYM@ﬁimﬂﬂﬁlth%.gﬁheabut QDGSQGN$
gunt del etion ayRdAlLEE FesdingCfrafe EINEE Shé WuilPet "S£THASE PHERE! ON 1N
deleted is evenly divisible by 3. The mutant gpF produced by
this deletion mutation {gpFdel) is missing 220 amino acids
out of a total of 364, but the translational start of F and
its translational stop coupled to the start of G remain
unaltered. The elimination of two-thirds of the amino acid
residues of gpF was shown above to eliminate gpF activity.
The gene gumG mutation used in these mutants is an
insertion (KBml) within gene gqumG at a BamHI site that
interrupts the coding sequence of gene gumG. The inserted
DNA is a restriction fragment containing the 1.3 kb Kan®™ DNA
segment of plasmid pUC4-K as described by Vieira, J. and
Messing, J., in Gene 19:259-268 (1982), which is ultimately
derived from the kanamycin resistance gene of transposon
T™n903.
The gene guml mutations used'were of two types. One
. is an insertion of transposon TnKl12 within the coding region
of gene guml. The second type is derived from this insertion
by deletion of a 3 kb HindIII fragment of TnKl2 which
carries the genes encoding resistance to kanamycin and
streptomycin. In this TnKl2 deletion mutation, an insert of
1 kb of TnKl2 DNA still remains within the gene gumL coding
‘sequence and this results in insertional inactivation of the
gene gumk product.
The various combinations of these mutations were
constructed on plasmid pRK290-H336 using in yvitro recombinant
DNA technology. The eight mutant plasmids obtained were then
conjugally transferred from E. coli into X. campestris strain
X1231 which contains the deletion mutation that eliminates
the dﬁtire gum gene cluster from the chromosome. The 8
resulting strains X1396-X1403 (Table 1) were then analyzed
for polymer production.




the BanH site of gene gun1ﬁ\The inserted DNA is-again a BanmHl restricti-on
fragment of pUCA-K which carries a gene conferring kananyC|n resi st ance.
REPLACENENT SHEET 9 - Figure g{’ shows
the ext WP %1953 hr orosomal . del etion mutation present in X 03448 -
strain X1106 wth genes D through M being deleted, while B and C are intact

and o - 22 -
Table 1
Genotype
Strain Acetylase I "Acetylase II Ketalase
X13962 + + +
X1397 + - + _b
X1398 B ¢ B
X1399 S _c _d
X1400 . _© + +
X1401 _© _ + b
X1402 _e ' _c +
X1403 L _c d

2 wild-type, carries TnK12 insertion within pRK290
portion of the plasmid

b TnK12 insertion mutation
¢ XanT fragment insertion mutation
4 TnK12 deletion derivative insertion mutation

€ jn-frame, non-polar deletion mutation

A Y

This Sheet Has Been Re aced

| lIIllll IIIIII Illl III

.

4



functional.in the-chronosone. Figure 6 depicts schematic representations
of the. structures of—repeating units_of the polysacﬁharides produced by

w | d-type X canpestris. and nutants defective in genes . F, G or L and al
possi pl WOcagfi97sat i ons eflavedyenes F, G and L. ARGIEVSIZI03M8 used
are: G = glucose; M=r gl ucuronic acid; Ac = acetate; Pyr =
pyruvat e. Figure 7a a 4.3Kba8alll fragnent of the gum
gene cluster that contains the gumF and gum G genes. Figure 7b shows
the deletion nutation of the Cla | fragnment internal to the F gene.

Figure 7c shows deletion of the second Cla | fragnent which creates an
in-frane fusi oAldf sthraimsowerd guoown cin d30 ttek each FFX@FRARF 1 médiudi stapH
portion of the e sl gure 8 shows the two-step reconbination
procedure as dé????@?% g?ﬁ%ﬁ? %%PS. Figure 9 depicts a viscosity
conpari son between wi | d-type-an®/HoNtHraninetds guns. Fi gure 10

(3Iepi cts a viscosity conpari 3oy b@m%804.7}120
0.7 g/l KH,PO,
40 g/l glucose
19.5 g/1 (2-(N-morpholino) ethane sulfonic acid)
5-10 mg/l1 kanamycin -
1 mg/l Tetracycline (where applicable)
in 300 ml baffled shake flasks. Temperature was maintained
at 30‘C. Aafter approximately §0 hours of incubation, the
culture broths were diluted with two to four volumes of
distilled HQO and the cells removed by centrifugation at
14,000 - 18,000 x g for 30 minutes at 10°C. Gums were
precipitated from the supernatants by the addition of 2-3
volumes of é-propanol and collected by centrifugation using
the conditions described previously. The precipitates were
then rehydrated in 100-300 ml of 20 mM NaCl and the
precipitations repeated. The gums were finally rehydrated in
. 100 ml distilled H,0 each. Samples of each were subsequently
dialyzed aga;nst 4 1 of distilled H20 for four days with
daily H,O changes in 12,000 - 14,000 MW cutoff cellulose
tubing. )
Triplicate samples of each purified gum were then
concentrated 3-4-fold by vacuum drying and hydrolyzed in 2 M
" trifluoroacetic acid at 120°C for 2-1/2 hours. After
neutralization with 1.2 M Na,COg4, tpe hydrolysates were
filtered through 0.45 mim filters and ready for analysis by
high-performance liquid chromatography (HPLC).

The analyses were performed using a Beckman HPLC
equipped with an Aminex HPX-87H ion exclusion column (300 x
7.8 mm). Organic acids were detected by ultraviolet
absoﬁbance at 214 nm. Refractive index was used to detect
neutial sugars. The column was run isocratically with 0.01 N
H,S0, as the mobile phase at a flow rate of 0.6 ml/minute at
45°C.
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curves based on peak areas for each sugar and organic acid.
The molar ratios of acetate and pyruvate to mannose
are shown in Table 2.

Table 2

Molar Ratios of Acetate and Pyruvate to Mannose

- Acetate/ Pyruvate
Strain Acetylase I  Acetylase I1 Ketalase Mannose Mannose

X1396 + .+ + 0.66 0.43
X1397 + + | _ 1.01 0.00
X1398 -+ _ + 0.63 0.36
X1399 + _ _ 0.51 0.00
X1400 - + ' + 0.10 6.39
. X1401 - | + _ 0.47 0.00
X1402 - - + 0.00 0.37

The following key observations about the data presented in
Table 2 can be made.

1. The 660 bp deletion in gene gumF inactivated the
gene F protein (Acetylase I). See X1402 vs
X1398.

2. The gene gumG protein (Acetylase II) acetylated
xanthan and at a much reduced level compared to

! wild-type when . Ketalase was active. See X1400

vs X1396, described in Ex. 4.

R TN
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whi ch, together with the foII nples serve to explain the

pri ncj. |rw9$20f97531e |n\,‘é ences referred to hePETUSH2£034d8ecby
specifically |ncorpora u reference The pol ysacchari de

pol ynmers of the presen ve been ggscribed in detail above.

These.pol ysacchari de pol ynmers can be produced in vitro with a cell-free
enzynme system or can be produced in vivo by growi ng cells of an appropriate
mutant strain. Qther neans of preparing the _

3. If Ketalase was inactivated, acetylation by

Acetylase II increased dramatically (X1400 vs.
X1401), described in Ex. 4.

4. The extent of acetylation by Acetylase I did not
increase in response to the inactivation of '
Ketalase. See X1398 vs X1399, described in
Ex. 4. :

5. Pyruvylation did not vary significantly
regardless of the extent of acetylation. See
X1396, X1398, X1400, and X1402, described in
Ex. 4.

These data indicate that the gene gumG protein
(Acetylase II) catalyzes the acetylation of the external
mannose of xanthan. This appears to occur to a limited
extent when Ketalase is active, but increases dramatically in
Ketalase mutants. These data indicate that pyruvylation
blocks acetylation, but the converse is not true since
pyruvylation didn’t change significantly regardless of the
level of acetylation. The gene gumF protein (Acetylase I)
catalyzes the acetylation of the internal mannose only, and
previous data for polytrimer and polytetramer variants of
xanthan U.S. Patent No. 4,713,449 and U.S. Application Serial
No. 844,335 have shown that Ketalase catalyzes the
pyruvylation of the external mannose only.

T EXAMPLE 3

This example demonstrates that gpG (Acetylase II)
does not catalyze acetylation of the inner mannose of the
xanthan repeating unit.

Gene I of the gum gene cluster encodes Transferase V
(Figure 1), the enzyme that adds mannose to the lipid-linked
tetrasaccharide intermediate in xanthan biosynthesis. This
systqh is described in U.S. Patent No. 4,713,449. Mutations
that ﬁnactivate gene guml lead to the synthesis of a lipid-
linked tetrasaccharide. This tetrasaccharide repeating unit
is polymerized to yield polytetramer gum, which contains the
internal mannose in its normal linkages but lacks the outer



polyséccharide'polyners areﬁqlso described below. = -In/Vitro

Pol ysacchari de Synthesis—— The _basic method relating t5§the use of a

ceII-fr mto nake non varlant xant han gumis descr

L., 92S’§'}6§ and T epliced FEBS Letters 130: 25?@‘2‘5@{2{%
speC|f|caIIy I ncor por at eference. It has been found that a
nodi fi ed version of thi e enptoyed-to create the variant

pol ysaccharides of this |nvent|on For this novel, nodified nmethod, the
in vitro-cell-free systemis prepared generally by lysing cells of a

"t he. pr esenciATROSe SUPTIL LY CEPYRR o JFeR thath| G0 0T LOH EbTA Aafguble
obt ai ni ng t he mptaotprdbasmid) Oplymzmelmanz«yamscm&uated abh£chocontains
Shoseaient Y, BhpCBiser LN SRS Yo R e finy Whd SROSCTALTELIOELLS'
Vander sl i ce etmetatiopdelthinggne gunhotsae Figuxe b by The cdonbke mutant
Al ternate neans)fdmid ShRedPdeNC1AISPEE tAdldfl fed into the X. campestris
deletion strain X1106 which contains only gum genes B and C
in its chromosome. Genes B and C are provided by the
chromosome since the mutant plasmid, derived from pRK290-HA3,
does not carry B or C but contains all the remaining gum
genes, D through M. The resulting strain, X1106(pKBm2delCla)
or X1419, was analyzed for polymer composition twice. Both
analyses failed to detect acetate in the polymer. This
result shows that Acetylase II cannot acetylate the internal
mannose of the polytetramer to any significant degree. 1In
this mutant strain, Acetylase II is active because gene gqumG
is not mutated and the gene gumF mutation is the non-polar
Clal deletion which has been shown above not to affect the
expression of gene gqumG. ,
EXAMPLE 4

This example describes the repeating units that
comprise the polysaccharide family that can be produced by
genetic control of acetylation and pyruvylation of the
pentasaccharide repeating unit of xanthan gum. The
structures of these repeating units are shown in schematic
form in Figure 6. '

(a) Wlld—type (X1396); Acetylase ) ¢ Acetylase

II . Ketalase t,

Normal xanthan is extensively acetylated at the inner
mannose residue and is frequently pyruvylated on the outer
mannose residue. Contrary to general belief, a significant
percentage {(10-20) of the outer mannose residues of normal
xanthan are acetylated. Thus, normal xanthan repeating units
are éeterogeneous with respect to modifications of the outer
mannose, containing either pyruvate or acetate.
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(b) L™(X1397); Acetylase I', Acetylase II',
Ketalase .
This polymer contains no pyruvate and as a result is
extensively acetylated at the outer mannose residue. The
inner mannose'resigue is highly acetylated as in wild type.

(c) G~ (X1398); Acetylase I', Acetylase II™,
Ketalase'.

This polymer is heavily acetylated on the inner
mannose as in wild type, and the outer mannose is pyruvylated
in the wild-type fashion. However, there is no acetylation
of the outer mannose.

(d) 6, L~ (X1399); Acetylase I', Acetylase

II~, Ketalase . .

This polymer has the -high level wild-type acetylation

of the inner mannose, but the outer mannose is unmodified.

(e) F~ (X1400); Acetylase I, Acetylase II',
+
Ketalase .
. The inner mannose of this polymer is unmodified,
while the outer mannose is modified as in wild-type. That
is, the outer mannose in generally pyruvylated, but a
- significant fraction of the outer mannogse residues are
acetylated instead. '

* (£) F', L™ (X1401); Acetylase I , Acetylase
. II  Ketalase™.

This polymer contains an unmodified inner mannose. The

outer mannose is not pyruvylated but is heavily acetylated.
(g) ¥, G {X1402); Acetylase I , Acetylase
11, Ketalase',

-This polymer is not acetylated at either the inner or
outer{mannose residues. Pyruvylation of the outer mannose
occurk normally as in wild-type.

(h) F, G, L~ (X1403); Acetylase I ,
Acetylase II™, Ketalase .
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The variant xanthans described in Example 4 are produced
by mutant strains of X. campestris in which the gum gene
cluster has been deleted from the chromosome and is present
in the cell on a recombinant plasmid. In some instances it
might be desirable to have the gum gene cluster located in
the X. campestris-chromosome as this would eliminate the need
for plasmid maintenance, and thus should improve strain
stability. A chromosomal deletion mutation defective in
genes gumF and gumG, which encode Acetylase I and II,
respectively, was constructed as described below. This
mutant produces non-acetylated xanthan gum.

Figure 7a shows a map of 2 4.3 Kb BqlII fragment of the
gum gene cluster that contains the gumF and gumG genes. This
BglII fragment is cloned into the Bgill site of the plasmid
vector pSl to generate a recombinant plasmid termed pSl1Bgl.
The pSl1 vector is a derivative of PRK290 in which the origin
of vegetative, but not conjugal, DNA replication is replaced
by the replication origin of pBR322. The pSl replication
origin does not function in X. campestris. Therefore, pSl
and: its derivatives, such as PS1Bgl are *suicide" plasmids,
i.e., they can be conjugally transferred into X. campestris
but cannot replicate in X. campestris.

The three Clal sites shown in Figure 7a were used in
construction of the deletion mutation. Deletion of the Clal
fragment internal to the gumF gene was accomplished as
described in Example 1 (by digesting pS1Bgl with ClaI and
religating at low DNA concentration) to produce pS1BglaCla
sho i in Figure 2b. 1In those experiments digestion at the
third Clal site within gene gumG was not observed, although
the DNA sequence at this site is the Clal recognition site,
ATCGAT.



pol ytetranmer while the sane cell-free system when no acetyl- CoA was
present,” woul d produce noa-acetyl ated pol ytetramer. ~~ The blosynthetlc
process may, in one enbodrﬁent——be nnﬁftored by t he |hcorporat|on of

radi ol alypbdd/pbstr at esm h e naarl c units. O her nepODAISITL8438 S.O
be uded:to allow identi blosynthetlc I nt er medi ates t hat

are known to those of orﬁi@i HIB n the agg._ In particular,

chr onmat ogr aphi ¢ met hods Ioped to separate and to identify

t he oligosaccharide internmedi ates. These include thin |ayer chronatography
and hi gh-performance |iquid chromatography. The cell-free

bi osynt he|Sls of X&mv{]w& diltfest dldxo tmabeis laxdm{r&: Qﬁ?lrélgﬁéltlve to

seauent ol P oSl ss® SNSRI S0 2 SUA L dlde RS

| abel ed substraEEngutnunnﬂequenmbdoéﬁfrmhahrnaaﬁaueaiﬂtﬁeﬁﬁyﬂa&é&#ﬂtm@ of

the xanthan- 3RS Wi INGE c1dhdd Ll Bdfiiide’" In E. coli, the
sequence GATC is a substrate for the dam methylase which
methylates the A residue of this tetranucleotide sequence.
The Clal recognition site in gene gqumG is preceded by a G
residue. Thus, in that sequence, GATCGAT, the underlined A
is methylated because it occurs within the GATC
tetranucleotide sequence; and therefore, the Clal site ‘is
refractory to Clal digestion.

In order to digest the Clal site within gene qumG, it was
necessary to produce unmethylated DNA by propagating
pS1BgiaCla in an E. coli dam strain which is defective for
the relevant methylase activity. When unmethylated
pSlﬁglACla DNA was prepared, digestion at the gene gqumG Clal
was readily observed. Using this plasmid DNA as a substrate,
the second Clal fragment was deleted by digesting pS1BglAaCla
with Clal and religating at low DNA concentration to produce

, pS1BglaCla2 which is shown in Figuie 7c. The resultant
deletion of both Clal fragments creates an in-frame fusion of
the proximal portion of the gumF gene with the distal portion
of the gumG gene. Therefore, transcription and translation
through this region, and of distally located genes H through
M (Figure 1), should proceed normally.

" <The plasmid pS1BglaCla2 including the deletion mutation
was transferred into the X. campestris chromosome via gene
replacement. This two-step recombination procedure is
diagrammed in a general fashion in Figure 8. In general, in
the first step, homologous recombination between the plasmid
and the chromosome results in integration of the whole
plasmid into the chromosome.. This event is selected by
seledfion for maintenance of an antibiotic resistance marker
carrikd within the vector portion of the plasmid. In the
second step, a subsequent recombination results in loss of
the plasmid and retention of the constructed deletion
mutation. This event is detected by the screening for loss
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of the antibiotic-resistance determinant and Southern blot

hybridization analysis of chromosomal DNA structure.

In the present example, pS1BglaCla2 was conjugally
transferred into wild type X. campestris strain X77 by
standard triparental matings and tetracycline-resistant
transconjugants were selepted. These tetracycliﬁe-resistant
colonies were eithér light or dark yellow in appearance. DNA
was prepared from four of each (light and dark type),
digested with BamHI (pS1BglaCla2 contains no BamHI sites),
separated by agarose gel elegctrophoresis and Southern blot
hybridization was performed. Probing with labeled gum gene
cluster DNA showed a wild type pattern in DNA from the light
yellow isolates. The hybridization pattern for DNAs from the

~dark yellow isolates indicated that, in these isolates,
pS1BglaCla2 had recombined into the chromosome.

Two of the bonafide pS1BglaCla2 insertion isolates were
then grown in the absence of tetracycline to screen for the
subsequent recombination in the second step of the gene
replacement process. In these experiments, liquid cultures

‘ are grown to saturation in the absence of tetracycline,
diluted 1:50 in fresh growth medium, and again grown to
saturation. In several experiments of this type, the number
of subculturing steps varied from 2 to 6.

Following the liquid subculturing steps, the cells were
diluted and plated, in the absence of tetracycline, to yiéld
isolated colonies. These colonies were tested for
tetracyclineresistance. In different experiments,. the
frequency of tetracycline-sensitive colonies varied widely,
from ~.5% to >50%. The frequency of tetracycline-sensitive
isolates increased with the number of generations of growth
(i.e. subculture steps) in the absence of tetracycline:

Individual tetracycline-sensitive isolates were grown and
their chromosomal DNAs analyzed by Southern blot
hybrﬁpization to identify those isolates which contained the
deletion mutation in the chromosome and had lost the plasmid
sequences as a result of homologous recombination. One such
isolate, termed X1910, was characterized for polysaccharide
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pyruvate; whereas, in contrast, no acetate was detected in
the gum made by X1910. Thus this mutant produces
non-acetylated xanthan having a composition equivalent to
that produced by X1402 (Example 4), but does s0 as a result
of the chromosomal deletion mutation. No recombinant plasmid
or any foreign DNA is present in this strain.

The general approach and strategy described above could
readily be applied to create analogous chromosomal deletion
mutants that would produce any of the variant xanthans
described in this application or in Vanderslice and Shannon
U.S. Patent No. 4,713,449.

EXAMPLE 6

This example shows the methods of mutagenesis and
screening employed to generate X. campestris mutant strains
having defects in Acetylase or Ketalase activity.

The genes encoding the enzymes of xanthan gum biosynthesis
have been shown to comprise a set of clustered genes on the
X. campestris chromosome. This “gum gene cluster" has been
described in detail by Capage et _al. Segments of gum gene
DNA have been cloned on plasmid vectors such as pMW79 as‘
detailed in Capage et al. ' |

Regionally-directed mutagenesis was performed upon
subcloned portions of the gum DNA carried in plasmid pMW79.
These cloned DNA segments were mutagenized in vivo with
transposons and in vitro, by using recombinant DNA technology
to generate insertion, deletion, and substitution mutations
within the cloned X. campestris DNA. In order to study the
phenq%ypes conferred by these mutations, the plasmids
carrying the mutations were transferred back into X.
campestris and subsequently recombinants were identified in
which the plasmid-borne, mutated gene had been inserted in
the chromosome via homologous recombination. The
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tetracycline resistance encoded by Tnl0 affords a convenient
selective system for movement of mutations from a plasmid
into the chromosome.

One such mutant strain (X1006) carried a Tnl0 insertion
that was found to cause inactivation of the Acetylase
activity.. This mutant strain was characterized as described
in ExampleS 7 and B8, and found to produce a polysaccharide
that was non-acetylated. A second mutant strain was
constructed by the in vitro insertion of a fragment of DNA

" containing the tetxaéycline resistance gene of Tnl0 into a
restriction site within the gum gene cluster. This mutant
strain (X921) was found to be defective in the Ketalase
activity. As found by the methods of Examples 7 and 8, this
mutant produced xanthan that was non-pyruvylated.

A third mutant strain (X934) was also found that greatly
reduces the ketalase activity. This mutant strain produces
xanthan gum that has a very low level of pyruvylation: 1-5%
of the level of pyruvylation found in normal xanthan.

The mutant strain X934 was found as described below. 1In

. preliminary experiments designed to study recombination
between plasmid-borne X. campestris DNA and the X. campestris
Pstl fragment cloned in plasmid RSF1010. This insertion of
Tnl0 causes the Gum- defect in the mutant strain X655 as
described by Capage et al. and Vanderslice et al. The
experiment was to mobilize PTX655 with plasmid pRK2013 and
iransfer it from E. coli into X. campestris by selecting for
transfer of the tetracycline resistance encoded by Tnl0. The
initial results of this mating were anomalous and suggested
that Tnl0 did not express tetracycline resistance efficiently
in X. campestris when carried on the plasmid, but that the
drug resistance was more efficiently expressed when Tnl0 was
carried in the chromosome of X. campestris. This phenomenon
has also been described for Tnl0 in E., coli. There, it has
been.}hown that strains carrying one copy of Tnl0 inserted in
the chromosome arxe resistant to significantly higher

concentrations of tetracycline than are strains carrying Tnl0
on a multicopy plasmid. The selection of Tett X. campestris
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sectors of more vigorously growing cells. More than 50% of
these sectors appeared to be Gum- in morphology. These
probably result from recombination between the plasmid-borne
DNA containing the Tnl0 insertion and the chromosomal wild
type DNA. When the Tnl0 is recombined into the chromosomal,
high-level ret” is obtained and the vigorously growing sector
is observed. When these Gum-, Tetr sectors were picked and
restreaked on tetracycline, they grew well and displayed a
characteristic Gum- morphology.

Gum-!-_,.'.l'etr isolates were also characterized. Some of
these strains (in particular X934) were found to contain the
entire plasmid pTX655 inserted into the chromosome of X.
camﬁgstris via homologous recombination. The chromosomal
structure of the X934 strain was determined by Southern blot
hybridization of the chromosomal DNA which shows that the
plasmid sequences exist in a chromosomally integrated form.

EXAMPLE 7

This example shows how the altered polysaccharides of the
present invention can be prepared in vitro. For instance, it
shows how non~-acetylated and/or non-pyruvylated xanthan gum

'was prepared in vitro.

reparation of Lysates

Xanthomonag campestris Bl459 S4-L or S4-L mutants
described in Examples 6 and 10 were grown in YM (yeast-malt

medium) supplemented with 2% (w/v) glucose as described by
Jeanes, A. et al. in U.S. Department of Agriculture, ARS-NC-
51, pp. 14 (1976), specifically incorporated hereby by
reference. Cultures were grown to late log phase at 30°C.
The célls were harvested by centrifugation and washed with
cold Tris-HCl, 70mM, pH 8.2 with 10mM EDTA and were freeze-
thawed three times by a procedure similar to Garcia, R.C. et
al. described in European Journal of Biochemistry 43:93-105
(1974), specifically incorporated hereby by reference. This
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assay (BIO RAD Laboratories, Richmond, California) and was

found to be 5 to 7 mg cell protein per ml of lysate.

Biosynthetic Assay Procedure .

As described by Ielpi, L. Couso, R.0O., and Dankert, M.A.
in FEBS Letters 130:253-256 (1981), specifically incorporated
herein by reference, an aliquot of freeze-thawed lysate
(equivalent to 300 to 400 ug protein), DNAase I (10 ug/ml),
and M.gCl2 {8 mM) were preincubated at 20°C for twenty
minutes. An equal volume of 70 mM Tris-HCl, pH 8.2, with the
desired radiolabled sugar nucleotides (UDP-glucose,
GDP-mannose- and UPP-glucuronic acid) were added and incubated
at 20°C. Radiolabeled phosphoencl pyruvate and acetyl
coenzyme A were.added when desired as described in Ielpi et
al., supra, and Ielpi, L. Couso, R.0., and Dankert, M.A.

. Biochem. Biophys. Res. Comm. 102:1400-1408 (1981) and Ielpi,
L., Couso, R.0., and Dan Kert, M.A., Biochem. Intern.
£:323-333 (1983), both of which are specifically incorporated
herein by reference. At various times, the reactions were
stopped by dilution with 4°C buffer. The samples were
centrifuged and the pellets were washed two times with
buffer. The supernatants were combined, carrier xanthan (100
ug) was added, and the xanthan plus synthesized polymer was
precipitated with ethanol (60%)-KC1(0.8%). The precipitated
polymer was resuspended in water and réprecipitated two more
times to remove unincorporated label. Radioactivity
incorporated into the precipitate {termed the gum fraction)
was determined in a liquid scintillation counter and the data
were;processed to obtain incorporation in terms of picomoles
of the radiolabeled components.

Cell lysates of X1006 did not incorporate carbon-14
acetate from [14C] acetyl CoA into the gum fraction of the in
vitro system. <Cell lysates of S4-L did produce in wvitro gum

Y
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radioclabeled with [14C] acetate. Similarly, cell lysates of
X921 did not incorporate [14C] pyruvate into the gum fraction
while S4-L cell lysates did incorporate radiolabeled pyruvate
from phosphoenol {14C] pyruvate into the gum fraction of the
in vitro system. Thus, X1006 was identified as a mutant
strain with a defect in the gene-for Acetylase and X921 as a
mutant strain with a defect in the gene for Ketalase.

Lysates of these strains produced non-acetylated xanthan and
.non-pyruvylated xanthan, respectively, in vitro.

It has also been shown that, by withholding substrates, X.
campestris B1459 S4-1 lysates produce altered polysaccharides
in vitro. For example, cell lysates of S4-L did produce non-
acetylated, non-pyruvylated xanthan_gum‘;g_vitro-when the
endogenous acetyl-CoA and phosphoenolpyruvate were depleted.

A mutation in the gené for Trahsferase V would result in
the production of polytetramer. This phenotype would be
demonstrated by the in witro method described above. The gum
fraction would reveal a polysaccharide composed of glucose,
mannose and glucuronic acid in molar ratios of 2:1:1. The

, tetrameric intermediate hydrolyzed from the lipid carrier
would also be detected by its mobility on TLC and its molar
ratio of sugars.

. EXAMPLE 8 _

This example demonstrates the use of the Acetylase-
deficient strain, X1006, to produced non-acetylated gum ih
ﬁ;zg. This example also demonstrates the in vivo production
of the non-pyruvylated gum from the Ketalase-minus strain,
X921, and xanthan gum with a reduced level of pyruvylation
from the strain X934.

The three mutant strains described above and S4-L were
grown overnight in broth with two percent glucose at 30°C.
The gum was harvested by removing cells by centrifugation,
preciéitating the gum from the supernatant by addition of 2-
propaﬁol_or ethanol with 0.5 to 1% potassium chloride. The
‘gum precipitate was recovered by centrifugation and
resuspended. The procedure was repeated. The resuspended
gum was dialysed against water. A sample of each
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at produced xanthan gum without pyri:vate. Strain X1006 produced
xanthan gum with no acetate. Strain X934 produced a gum that
contained pyruvate at a level of 1-5% that of S4-L gum.
EXAMPLE

This example describes methods and strategies that could
be employed to construct mutants of X. campestris that will
produce xanthan that is both non-acetylated and non-
pyruvylated. .

Mutant strains of X. campestris lacking Ketalase (X921) or
Acetylase {X1006) activity have been described. One could
use microbial genetics and recombinant DNA methods as
described by Vanderslice et al. and Capage et al. to
introduce a Ketalase defect and an Acetylase defect into a
single strain of X. campestris. This double-mutant strain
would produce xanthan gum that was both non-acetylated and
non-pyruvylated,

Methods for producing insertion mutations into cloned gum
gene DNA carried on plasmid vectors have been described by
Capage et al. One could envision using a plasmid carrying
the insertion mutation that gave rise to mutant strain X921
‘as-a substrate for a second round of mutagenesis in wvivo or
in vitro.. This second round of mutagenesis could employ any
of a number of transposable elements that would readily occur
to one skilled in the art or any of an equally obvious number
of DNA restriction fragments containing selectable markers.

A set of plasmids carrying two insertions mutations could be
- used in the gene replacement technique of Capage et al. to
transfer the plasmid~borne mutations into the chromosome of
X. campestris. Phenotypes of the resultant strains can be
analyzed by the in vivo and in vitro techniques described by
Vanderslice et al. and Capage et al., supra, in Example 7.
These analyses will reveal doubly mutant strains that are




the inner mannose with a portion of -the outer mannose noieties: pyruvyl ated
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the i nner mannose andjmmﬂi | t he outer mannose (X1403), have each
been placed on deposit an Typey Qul ture Col |l ection,

Rockvi I | e, Maryl and, under Accession Nos., 68033, 68034, 68035, 68036,
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produces double mutant strains will produce xanthan that is
‘simultaneously non-pyruvylated and non-acetylated..
EXAMPLE 10

This example describes procedures to obtain a X.
campestris mutant which produces polytetramer.

As describe above and in Vanderslice et al., supra, a
xanthan-related polysaccharide with a truncated side chain,
polytrimer, has already been obtained. This mutant was
characterized by in vivo and in vitro methods described
herein. Using the methods described herein and in the
referenced patent applications, one versed in the art can
create mutant strains of X. campestris which make
polytetramer gum described above.

Identification of these mutant strains can be achieved
using in vitro methods or by analysis of the polysaccharides
produced in vivo, as described herein and in Capage et al.,
supra. ' '

Once the polytetramer producing mutant has been obtained,

. additional mutational steps, such as those described in
Examples 6 and 10 and generally known to those versed in the
art, can be carried out to generate mutant strains which
produce nonacetylated polytetramer.

EXAMPLE 11

This example discusses cloning the acetylase gene and the
'ketalase gene onto vectors to ensure that the polysaccharides
described herein are fully acetylated, fully pyruvylated, or
both. .

The X. campestris -strains X1006 and X921 have mutations in
the genes for acetylase and ketalase, respectively, as
described in Examples 6 and 7. These mutants were created
employing the methods described in Example 6. It is possible
for oéxe skilled in the art to employ methods described in
Betlal:‘n et al., supra, to recover native DNA restriction
fragments containing the Acetylase or Ketalase genes. That
is, plasmids with DNA restriction fragments containing the
Acetylase or Ketalase genes interrupted by a drug resistance
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obtain native DNA sequences for the Acetylase or Ketalase
gene. In another embodiment, the genes for the acetylase and
ketalase enzymes have already been cloned onto the plasmid
PRK290-H336, ATCC Accession No. 67049 as described by Capage
et al., supra, and other plasmidé described therein. 1It is a
simple matter for those skilled in the art to subclone the
Acetylase and Ketalase genes themselves from these plasmids.

The native DNA sequences obtained by either method can
then be inserted onto plasmids capable of replication in X.
campestris, for instance pMW79, using the methods revealed in
Betlach et al. Expression of the Acetylase and/or Ketalase
gene ‘can be controlled by modifying the existing DNA seqguence
or inserting regulatable promoters upstream from the gene.

- Such techniques are well known to those versed in molecular
biology and genetics. Similarly, the plasmids onto which the
genes are inserted can be high copy number plasmids. As
revealed in Capage et al., the xanthan biosynthetic enzymes
are present in low amounts in X. campestris. Insertion of

. the plasmids described above into X. campestris, and growth
of cultures under appropriate conditions for expression of
the plasmid-borne genes, will result in synthesis of much
greater numbers of the Acetylase and/or Ketalase enzymes than
the other xanthan biosynthetic enzymes. Overexpression of
the Acetylase should cause the xanthan polysaccharide to be
'fubly acetylated, i.e., all internal mannose residues
acetylated. Siﬁilarly, overexpression of the Ketalase should
cause xanthan polysaccharide to be fully pyruvylated on the
terminal mannose.

| It should be evident to one skilled in the art that full
acetylation and full pyruvylatioh of xanthan can be achieved
by the methods described above. Furthermore, full
acetylation of polytetramer, and full acetylation of
poly%rimer {described in Vanderslice‘gg_g;., supra) can be
achieved employing the methods described herein.
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sources such as glucose, sucrose, naltose, starch, conplex carbohydrates
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M xtures of carbon sources can al so E‘—Eﬁggﬁyﬁd The concentration of
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yeast extract, RBefpf{{ie éﬁm, a natural product of Xanthomonas cémgestris,
is an effective viscosifier of water for use in, for example,
enhanced recovery of petroleum. These viscosity applications
frequently necessitate xanthan gum to be applied at high
temperature and in saline brines. Xanthan gums are effective
viscosifiers even at high temperature (for example, 75°C to
100°C), although their viscosity is substantially reduced
over that at lower temperature (for example, 25° to 60°C).
The inventors have discovered a new and novel
polysaccharide produced by a genetically modified strain of
Xanthomonas campestris (strain X921) that produced a
viscosity at high temperature equal to that of wild-type
xanthan gum produced from the S4-L parent- strain (strain
X237). This xanthan gum has the normal pentameric xanthan
. structure hut,'because of the genetic modification, contains
no pyruvate moiety on the terminal mannose. This novel
polysaccharide has low viscosity at fermentation temperature
near 30°C which will result in substantial cost savings and
processing conveniences. The cost to produce pyruvylated
xanthan gum ig high primarily because the polymer‘’s high
éiscosity requires great energy input for agitation, aeration
and cooling. . ) :
Figure 9 shows a viscosity comparison of the novel non-
pyruvylated xanthan gum to a wild-type xanthan gum produced
by the unmodified parent. The wild-type gum shows high
viscosity at low temperature but the viscosity decreases
rapidly with increasing temperature. The non-pyruvylated
gum, on the other hand, has lower viscosity at low
tempef ture, but retains a viscosity at high temperature
essentially equivalent to the wild-type xanthan gum. The

viscosities reported in Figure 9 were recorded at a shear
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rate of 8 s~*

in a concentric cylinder viscometer on
solutions of 1000 ppm active polymer solids in 5000 ppm NaCl
brine.
EXAMPLE 13

This example demonstrates the advantages of a
non-acetylated xanthan produced by a genetically modified
Xanthomonas campestris '
for use as a viscosifying agent for agueous solutions.

Figure 10 compares the viscosities of chemically
deacetylated commercial xanthan and its parent compound with
those of a non-acetylated xanthan polysaccharide made from a
genetically manipulated Xanthomonas campestris (strain X1006)
and of the xanthan gum made from the wild-type X. campestris
parent (strain X237). The viscosities were obtained at a
shear rate of 8 s"'-1 for 1000 ppm polymer concentration in
50,000 ppm NaCl brine. Viscosities were measured over the
temperature range of 25° to about 80°C.

Figure 10 demonstrates that chemical deacetylation of
xanthan results in a loss of viscosifying power over the

« entire temperature-range. However, elimination of
acetylation by genetic means results in substantially
increased viscosity compared to the wild-type xanthan gum.
Thus, non-acetylated xanthan gum produced by a mutant strain
of X. campestris is an improved polysaccharide compared to
the xanthan itself and compared to deactetylated xanthan\gum
lprbduced by chemical methods.

* . EXAMPLE 14

This example describes the methods used to construct a
double mutant strain of X. gggggg;g;g that produces non- -
acetylated, non-pyruvylated xanthan.

Capage et al. have described the cloning of a gene cluster
from X. campestris that contains genes that direct the
biosynthesis of xanthan gum. They also described the
isoiption of chromosomal deletion mutations in X. campestris
that eliminate all or varying portions of this gene cluster.
One such deletion mutant, strain X1231, lacks all of the X.
campestris DNA that is carried on the recombinant plasmid
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mobi 1ty conty e 5 & | filfat fHHE" of transporon TnK12 within the cloned gum
gene DNA carried on pRK290-8336. Two such mutant plasmids
are pRK290-H336.22 and pRK290-H336.41. The approximate
locations of the TnK1l2 inserts on each of these plasmids is
shown in Figure 1ll. When pRK290-H336.22 is transferred into
X1231, the resultant strain produces non-acetylated xanthan.
When pRK290-H336.41 is transferred into X1231, non-~
pyruvylated xanthan is produced. These two plasmid mutants
have been used to construct, by means on in vitro
recombination, a double mutant plasmid that directs synthesis
.of non-acetylated, non-pyruvylated-‘xanthan when carried in
the deletion strain X1231.

The in vitro strategy for generating a non-acetylated,
non-pyruvylated double mutant plasmid is :as follows. A
kanamycin-sensitive (Kans) derivative of pRK290-H336.41 was

) generated by doing a partial HindIII digestion of the
plasmid, ligating the digestion products at very low DNA
concentrations {(to promote intramolecular ligation), and then
screening tetracycline-resistant (Tetr)_transformants for
kanamycin sensitivity. Plasmid DNAs were then prepared from
Tetr, Kan® isolates and analyzed by restriction endonuclease
aigestion and agarose gel electrophoresis. There are only
three HindIII sites in pRK290-H336.41, and two of these occur
within TnK12 and bracket the Kan gene. Thus, a high
proportion of the deletions generated in the partial
digestion were deleted for the Kan gene whereas the rest of
the plasmid was retained intact. The Kan® plasmid still
carries an insertion (1 kb) in the ketalase gene and thus was
expecqéd_to yvield non-pyruvylated gum. This plasmid is
termed; p41KS. The next step was to clone the large Spel
fragment of the non-acetylated mutant plasmid pRK290-H336.22
into p41KS. As shown in Figure 11, each plasmid contains
three Spel sites at positions 758, 771, and 11,716 within the
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Thus, deletion of this small Spel segment in the process of
the double mutant construction oﬁght not to affect xanthan
biosynthesis. Plasmids p41KS and pRK290-H336.22 were
purified and digested to completion with Spel and a ligation
was performed. In this ligation, p4l1KS/Spel was ligated in
10x molar excess with H336.22/Spel. Thus, when recombinants
containing the Xan® SpeI fragment of H336.22 were selected,
they should most often be associated with the Spel vector
fragment of pélKS. We performed transformations with these
ligations and obtained Kan® transformants. The plasmids
carried by these transformants were analyzed to identify the
recombinants of interest. The desired recombinant plasmid
was readily identified among the Kan® transformants. This
recombinant plasmid, termed P41KS22, contains the
p4l1KS~derived insertion in the ketalase gene and the H336.22-
derived TnK12 insertion within the acetylase gene.
Appropriate restriction digestion analysis confirmed the
presence of both insertion mutations and, furthermore, showed
that the Spel fragment containing the TnK12 mutation had been
inserted in the correct orientation.

Plasmid p41KS22 was subsequently transferred.into a series
of X. campestris strains via conjugation. The large Gum
deletion strain X1231 was among the recipients. This
deletion lacks all of the gum gene DNA carried on P41KS22;
therefore, X1231 carrying p41KS22 should produce
non-acetylated; non-pyruvylated xanthan. The plasmid
transferred efficiently into X1231, and the resultant -
phenotype was clearly mucoid but significantly less so than a
wild«type control. Polysaccharide produced by X1231 carrying
p41K$22 was prepared and analyzed. This polymer contained
glucose, mannose, and glucuronic acid but no detectable
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acetate or pyruvate, demonstrating that X1231 (p41KS22) does
produce the expected non-acetylated, non-pyruvylated gum.
' EXAMPLE 15

This example describes the construction and properties of
a double mutant plasmid that combines an Acetylase mutation
and a Transferase IV mutation. '

Capage et al. described methods for isolating and
characterizing transposon TnK1l2 insertions within the cloned
gum gene DNA carried by plasmid pRK290-H336. One mutant
plasmid carrying such an insertion is pRK290-H336.6. The
approximate location of the TnKl2 insertion in this plasmid
is shown in Figure 11l. When present in the deletion strain
X1231, this plasmid directs the synthesis of polytrimer gum
as a result of the insertional inactivation of Transderase
IV. Using procedures analogous to those described in Example
14, a double mutant plasmid was constructed that combines
this Transferase IV defect with the Acetylase mutation
carried in pRK290-H336.22. A kanamycin-sensitive derivative
of pRK290-~H336.6 was derived by deletion of the HindIII
fragment of TnKl12. This plasmid, p6KS, is analogous to the
Kan® plasmid 41KS and still retains 1 kb of TnK12 inserted
within the Transferase IV gene. Subsequently, the large
TnKl2-containing Spel fragment of pRK290-H336.22 was ligated
into Spel-digested p6KS plasmid DNA as described in Example 9
and the double mutant plasmid p6KS22 was obtained. This
plasmid carries insertion mutations in Transferase IV and the
Acetylase. When transferred into deletion strain X1231, it
ought to direct the synthesis on non-acetylated polytrimer.
However, in several independent plasmid transfer experiments,
no transfer of p6KS22 into strain X1231 was detected,

- although the plasmid was successfully transferred at high
frequency into other recipients, including both Gum~ and Gum'
strainfg. This result suggests that the presence of p6KS22 in
strain}x1231 is lethal, probably as a direct result of
production of non-acetylated polytrimer gum. Capage gﬁ,g&.
described three other lethal mutations within the gum gene
cluster and éoncluded that these lethal mutations cause the
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these nutants yarious modifications and variations can be made in the
processes and products of the present invention. Thus, it is ..
intended that the present invention cover the modifications
and variations of this invention provided they come within
the scope of the appended claims and their equivalents.

these nutations were m ed Mut ati ons in gene gunF~(see Fi gure la)
caused by transposon in mﬁ ¢d in producti on..of Xxant han gum t hat



were precisely quantitated, These data showed a small~ (5% 10% but
S|gn|f|cant decrease.in the acetate content of gum prioduced by G nutants
g?ar.edto vvlldtypeX canpestris. Thereforefurth Cf
mere P 8% 0 deternine what role gpG might have in acétyl at |on of
xant han. The hypothesis that gpG normally directs 10% of the
acetyl ation of xanthan gum was seem ngly contradicted by the observati on
that transposon insertion nmutations in gene gunfF resulted in elimnation
of acetylation. Clearly, these nutant gy 4did not retain 10% of the
normal acetate content. However, it was pdssible that insertions in gene
gunF reduced

Figure Titles:

Figure 9

Viécosity Comparison Wild-Type and Nonpyruvylated Gums
Figure 10

Viscosity Comparison Nonacetylated Versus Deacetylated

Gums
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- 18 - or élimnated the expression of gene gunG as a~result of so-

called "polar" effectss. Insertions of TnlO generally r éduce expression of
genes |y gpwnstream in terms of transcription, fr?nnﬁdygdg@y&g@&pn
site,as réported by Kl eckner, N et al., inJ. MIl. Bio. 97:561-575 (1975).
Moreover, the reductiidShed aas Bren Rigplatd severe ip instances where the
downstream gene is " i c-ouple‘ti"4 t™o the gene containing the

i nsertion nmutation a Fppenheinl D.S. and Yanofsky, C., in
Genet. 95:785-795 (1 ) onal coupling is a phenonenon wherein

the transl ational stop signal of one gene,qqverlaps the translational start
signal of an adjacent downstream ene.lé%f)fﬁébases where such coupling
occurs, the initilati ol ofatemraslablen palysaccharide odyeere ¢jomprisialy or

entirely repeating pentamer units having a D-glucose:D-mannose:D-
glucuronic acid ratio of about 2:2:1, wherein the D-glucose
moieties are linked in a beta-[1,4] configuration, inner D-
mannose moieties are linked in an alpha-{1,3] configuration
primarily to alternate glucose moieties, the D-glucuronic
acid moieties are linked in a beta-{1,2] configuration to.
said inner mannose moieties, and outer mannose moieties are
linked to said glucuronic acid moieties in a beta-[1,4)
configuration.

2. The polysaccharide polymer of claim 1, wherein said
inner mannose moieties are acetylated.

3. The polysaccharide polymer of claim 2, wherein said
outer mannose moieties are acetylated. '

4. The polysaccharide polymer of claim 1, wherein a
: portion of said outer mannose moieties are pyruvylated and
the remainder are acetylated.

5. The polysaccharide polymer of claim 2, wherein
substantially all of said outer mannose moieties are
pyruvylated.

12
hY

6. The polysaccharide polymer of claim 1, wherein said
outer mannose moieties are pyruvylated.

7. The polysaccharide polymer of claim 1, wherein said
outer mannose moities are acetylated.

8., A water-soluble polysaccharide polymer comprising
repe%ted tetramer units having a D-glucose: D-mannose:D-
glucuronic acid ratio of about 2:1:1 wherein (1) the D-
glucose moieties are linked in a beta-{1,4] configuration,
(2) the D-mannose moieties, acetylated or not acetylated at

AR



dependent on term natlon,Qf translation of the upst r»e-am gené occurri ng at
t he coupl er. Thus, |nsert|bns in the upstream menber of the coupl ed genes

can drwﬁlgmg{, 3y reduce even elimnate, expression of POTFUSEMMO3448cam
gene because these |m&éesﬂasm¢ameplbdey cause frame shifting and premature

t er A nation of transl pstream gene. The DNA sequence
of the ‘gum gene cl ust Hﬂmhat t he Trdansl ati onal stop of gene gunfF
does. overlap the trans at rt of gene gunG i.e., the two are
"coupled (see Fi gure 1b). Moreover, the sequence of the transl ati onal

pitration signdlelProdiefies S ﬁggﬁ&kga;i%%aéi Loh21( 008 cdhk£0uplgeBA! S

that the trans at ' ondt coup Sig e I n“gene gunG
expressi on. Rrimatilnite altREnate g ‘ac‘él’é?eft‘?%ﬁlt#ﬁﬁatqf% (35 &®wn in Fig.

2|) was tcgngg A hsh b £ rhé{ua ﬁ@ﬂ%ﬁgw pftw%mraﬁ% aé%i]e'[ i on
elimnate ase pairs bpetween, t he wi fhin gene e
del eted DNA figiet] |§‘t’-ﬁy{)’vﬁlf?ﬁ?n“flﬁ b?:’fﬁi"ﬁg ﬁq%%'?fic‘eg aq"b’e?fég‘b%n%h €and no
forei gn DNA imariness imsietildsls, the del etion renoves a | arge portion
(approxi mately '
9. The polysaccharide polymer of claim 8, wherein the
mannose moieties of the polysaccharide polymer are acetylated
at the 6-0 position.

10. The polysaccharide polymer of claim 8, wherein the
mannose moieties of the polysaccharide polymer are not
acetylated at the 6-0 position.

11. The polysaccharide polymer of claim 8, wherein at
least 90% of the mannose moieties of the polysaccharide
polymer are acetylated at the 6-0 position.

12. A process for preparing the polysaccharide polymer of
. claim 1 comprising:
inoculating a suitable growth medium with a

microorganism of the genus Xanthomonas which is capable of
synthesizing the polysaccharide polymer of claim 1 that is
non-acetylated at the inner mannose and is non-acetylated and
non-pyruvylated at the outer mannose, and '
R incubating said inoculated growth medium at a
suitable temperature, pH and dissolvgd oxygen level for a
time sufficient to produce the polysaccharide polymer of
clainm 1.

13. A process for preparing the polysaccharide polymer of
claim 2 comprising: ' '
; inoculating a suitable growth medium with a
mlcroaxganism of the genus Xanthomonac,which is capable of
synthesizing the polysaccharide polymer of claim 2 that is
acetylated at the inner mannose and is non-acetylated and

non-pyruvylated at the outer mannose, and
R AR



60% of ‘the gene but does not alter the reading frane shpce t he nunber of
base pairs deleted is. evenly ‘di vi si bl e by 3. The nutan{ gpF produced by
thi s delve®iogr1omsa ati on (gpFdel) is nissing 220 ani no adi dPCIAUSHL/0a4480t. al,
of 364, but the -19- transl ati onal
start of gene gunF and the gene gunf¥ translatyonal stop, coupled to the
start of gene gun remain .

incubating said inoculated growth medium at a
suitable temperature, pH and dissolved oxygen level for a
time sufficient to produce the polysaccharide polymer of
claim 2.

14. A process for preparing the polysaccha:ide Polymer of
claim 3 comprising:
inoculating a suitable growth medium with a
microorganism of the genus Xanthomonas which is capable of
synthesizing the polysaccharide polymer of claim 3 that is
acetylated at the inner mannose and is acetylated and non-
pyruvylated at the .outer mannose, and
"~ incubating said inoculated growth medium at a
suitable temperature, pH and dissolved oxygen level for a
time sufficient to produce the polysaccharide polymer of
claim 3.

15. A process for preparing the polysaccharide polymer of

claim 4 comprising:

inoculating a suitable growth medium with a
microorganism of the genus Xanthomonas which is capable of
synthesizing the polysaccharide polymer of claim 4 that is
non-acetylated at the inner mannose and is acetylated and
pyruvylated at the outer mannose, and

incubating said inoculated growth medium at a
'suﬁtable-temperature, pH and dissolved oxygen level for a
time sufficient to produce the polysaccharide polymer of

Y

claim 4.

16. A process for preparing the polysaccharide polymer of
claim 5 comprisings:
' inoculating a suitable growth medium with a
microorganism of the genus Xanthomonas which is capable of
synﬁhesizing the-polysaccharide_polymer of claim 5 that is
acetylated at the inner mannose and is pyruvylated but non-

acetylated at the outer mannose, and
T This Sheet Has Been Replaced
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unaltered. The elim natiog of two-thirds of the am no<acid residues of gpF:
is very likely, although ndgt certain, to result in elimnation of al

protein 1Vi Thus, any residual acetylase activity fr S
rmst,aptﬂf%i’&'}%ue to activity of gpG This d ar (ei;&il on nuta |on
was constructed on plasm d pRK290- H336. 13 (Figure 3a) which carries an
otherwi Se wild-type gum gene cluster and an 4&%sertion of transposon Tnil0
del 16 dell 7 KanR described by Way et al., in Gene 32:369-379 (1984) and

here termed TnK12, |ocated within the vector position of the plasmd. The
TnK12 insertion prOV|des nvenlent resi stances for | ection of

plasnid transfer. ThdafH %’d‘ﬁ)l ‘é’?]rﬁe*cf |%5%‘1'E1Pa}ne W 3%0&f erred
into the X caﬁnQNBMesﬂaﬂpexkﬂﬁieﬁnpﬂﬂandrdﬂﬁéﬁﬂwedexygéﬁ néﬁelngogeaes B

was anal Yoot CHIS: SHCHERY e Brddifes e indfrd oL e o brist ot

roughly (10-13ﬂﬁimhé-annunt normally found in wild- type xanthan. This
result indicated that both gpF and gpG :

17. A process for preparing fhe polysaccharide polymer of

claim 6 comprising:

inoculating a suitable growth medium with a
microorganism of the genus Xanthomonas which is capable of
synthesizing the polysaccharide polymer of claim 6 that is
non-acetylated at the inner mannose and is pyruvylated but
non-acetylated at-the outer mannose, and

incnbdting said inoculated growth medium at a
suitable temperature, pH and dissolved oxygen level for a
time sufficient to éxoduce the polysaccharide polymer of
claim 6.

18. A process for preparing .the polysaccharide polymer of
clain 7 comprisings:

. ) inoculating a suitable growth medium with a
microorganism of the genus Xanthomonas which is capable of
synthesizing the polysaccharide polymer of claim 7 that is
non-acetylated at the inner mannose and is acetylated but not -
pyruvylated at the outer mannose, and

incubating said inoculated growth medium at a
éuitable temperature, pH and dissolved oxygen level for a
time sufficient to produce the polysaccharide polymer of
claim 7. '

19. A process for preparing the polysaccharide polymer of
claim 8 which comprises; '

inoculating a suitable growth medium with a microorganism
of the genus Xanthomonas which is capable of synthesizing a
polytqtramer gum of claim 8, and

This Sheet Has Been R,
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are acetylases and that the~bulk of acetylation of xanthan is catalyzed by
gpF with a m nor conponent, of xant han acetyl ati on being, catal yzed by :gpG
Howeve WO P2/1985%i ned a possibility that the |ow | evel aceﬂVﬂHUSﬁHn%ﬁBerved
in the nmutant X1231 (pl3delCa) resulted not fromthe activity of gpG but
froma residual activity of gpFdel. To addrgss.this issue, a double mutant
derivative of plasm d pR290- H336 was constructed. As shown in Figure 3b,
t hi s doubl e nut ant conbi ned the gene gunF Clal deletion nmutation and an
insertion mutation (KBm) in gene gunG  The doubl e nutant pl asm d
pH336KBni del C a masuba&dmbemhedﬂmﬂnmlﬂhaﬂlgﬁﬁﬁthlmedimmdathsunmbﬁa&ccharide

roduced was ti Serv
Broduced by E%%%%?éfg&él élﬁe esd‘] s(%’\"?'reo %%ctl%&eﬁg 5 S’g&d%f’ eﬁ t he
doubl e nutantPR&YS&FEHQS@KBWP@@E@P&) d@@daeM1ﬁhmﬂ9§egp9-maanpsehpy by
virtue of thegiféfirbheeaacid! #aitdd OF aPIALIYIP:1.

20. The process of claim 19 wherein the polysaccharide
polmer is recovered from the growth medium by precipitation
or nltrafiltration.

21. The process of claim 19 wherein the microorganism is
of the species Xanthomonas campestris.

22. The process of claim 19 wherein the microorganism is
a Transferase V deficient mutant of Xanthomonas campestris.

23. The process of claim 19 wherein the microorganism is
a Transferase V and Acetylase deficient mutant of Xanthomonas

campestris.

. 24, The process of claim 19 wherein the microorganism is
a Transferase V and acetyl coenzyme A deficient mutant of
Xanthomonas campestris.

25. The process of claim 19 wherein the microorganismlis
a phosphoencolpyruvate deficient mutant of Xanthomonas

campestris.

26. A process for preparing the polysaccharide polymer of
claim 11 which comprises;

inoculating a suitable growth medium with a microorganism
of the genus Xanthomonas which is capable of synthesizing a
polytetramer gum of claim 11, and |

incubating the inoculated growth medium at suitable
tempeéature, pH and dissovled oxygen levels to produce a
polysiccharide polymer having a D-glucose: D-mannose:D-
glucuronic acid ratio of about 2:1:1 wherein said polymer is
not acetylated. '
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REPLACEMENT SHEET : - 20- and no acetyl ation
shoul d be observed. Lf, ﬁ“Mever the real source offséetylating activity in

X1231( is the mutant gdeeI the addition of th
|nsert§gﬁ9§h iinot af f ect acetylatlon and the sane 1@%¥ gﬂgg?%ed in
X1231(pl3deICIa) shoul d be seen in gum produced by the doubl e nutant

strain. The pol ysaccharide produced by strase x12311(pH336KBm del G a) was
found to contain no acetate. This proved that gpG does catalyze

acetyl ation of xanthan and that, in wild-type strains, gpGis responsible
for roughly

27. The process of claim 12, wherein said microorganism
is a Ketalase, Acetylase I, and Acetylase II deficient mutant

of Xanthomonas campestris.

28. The process of claim 13, wherein said microorganism
is a Ketalase and Acetylase II deficient mutant of

Xanthamonas campestris.

29. The process of claim 14, wherein said microorganism
is a Ketalase deficient mutant of Xanthomonas campestris.

30. The process of claim 15, wherein said microorganism
is an Acetylase I deficient mutant of Xanthomonas campestris.

31. The process of claim 16, wherein said microorganism
is an Acetylase I1 deficient mutant of Xanthomonas

campestris.

, 32. The process of claim 17, wherein said microorganism
is an Acetylase I and Acetylase II deficient mutant of X

campestris.

33. The process of claim 18, wherein said microorganism
is an Acetylase I and Ketalase deficient mutant of X '

campestris.

34. The process of claim 26 wherein the nmicroorganism is
an Acetylase deficient mutant of Xanthomonas campestris.

35. The process of claim 26 wherein the microorganism is
ATCC No. 53473, an Acetylase deficient mutant of Xanthomonas
camgeétris, {X1006).

/ | |
36. A process for preparing the polysaccharide polymer of

claim 1 comprising:
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10% of the total ‘acetylatien that i's "observed. N

EXAMPLE 2 Thi.s exarrpt e denonstrates that the target resi due for
acet y| . av0®a/19953pG (but not " gpF) is the outer mannose of tRGI/USHZNGAHHE
repeating unit and that this acetylation is enhanced when pyruvyl ation of
t he outer mannose is bl ocked. Mit atdgons in gene gunL (Figure |a)
of the xant han bi osynthetic gene cluster were previously shown to

i nactivate the ketal ase enzyne which catal yzes pyruvyl ati on of the outer
mannose.. Mutants | acki ng.gpL activity produce xant han gum devoi d of

pyruvate. However, i %Ucailaa:tmj e il Wﬁn{e@i&ﬁd i dithad these
non- pyruvyl at ed % Iyners cogﬁgé&sd unusua] | I gh | evel s of acetate,
general |y > 0™8€ OCSTGALA Siy h@m&’e cefFagas a
efficiently aehb:p’rmbed\amhelelmﬁnmylmitmoxs ayehdis calpaple @nﬂ(@fjrrﬂmés‘lwﬂdge
st udi es have :E:Qa 3;1159? t.a] Wz y n
In order to e%%%l 4 S%% Crer ac |on ﬁg§f%%ugg§étya§§éggg%%§ ﬁ#%%?
ket al ase geneangheadmnexhsmannpssetand is non—acetylated at the outer
mannose, and
incubating said inoculated growth medium at a
suitable temperature, pH and dissolved oxygen level for a
time sufficient to produce the polysaccharide polymer of
claim 1.

37. The process of claim 36 wherein the microorganism is
of the species Xanthomonas campestris.

38. The process of claim 36 wherein the microorganism
contains an Acetylase I and II chromosomal deletion mutation.

39. The process of claim 36 wherein the microorganism is

an Acetylase I and II chromosomal deletion mutant of
Xanthomonas campestris (X1910).
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RIDE POLYMERS

(57) Abstract

polysaccharide polymers are also provided.

(54) Title: GENETIC CONTROL OF ACETYLATION AND PYRUVYLATION OF XANTHAN BASED POLYSACCHA- :

Variant xanthan gums are provided which include a water-soluble polysaccharide polymer comprising repeating pentamer -
units having a D-glucose:D-mannose:D-glucuronic acid ratio of about 2:2:1, and a water-soluble polysaccharide polymer com- ;
prising repeating tetramer units having 2 D-glucose:D-mannose:D-glucuronic acid ratio of about 2:1:1. The D-glucose moieties |
are linked in a beta-{1,4] configuration. The inner D-mannose moieties are linked in an alpha-{1,3] configuration, generally 10 al- !
ternate glucose moieties. The D-glucuronic acid moieties are linked in a beta-[1,2] configuration to the inner mannose moieties. -
The outer mannose moieties are linked to the glucuronic acid moieties in a beta-{1,4] configuration. Processes for preparing the !
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» i,

- 21 - DNA falls entlfély wi-t hi n the codi ng sequen¢e of gene gunf, and no
foreiga?ﬁgr\+ i nserted. Thus, the deletion renpbves a | alPga/P892/03448

(appr € tg§ 66% of the gene but does not alter the reading frane since
t he nunber of base pairs deleted is evenly divisible by 3. The nutant gpF
produced by this deletion mitation (gpFdel) is missing 220 ami no acids out
of a tetal of 364, but the translational y§fmrt of F and its translational
stop. coupled to the start of G renmain una tered. The elimnation of
two-thirds of the amino acid residues of gpF was shown above to elininate
gpF activity. The gene gunG nutation used in these nutants is an
insertion (KBm) within gene gunG at a BanH site that interrupts the
codi ng sequence of gene gunmG The inserted DNAis a restriction fragment
containing the 1.3 kb Kan[err] DNA segnent of plasm d pUC4-K as descri bed

by Vieira, J. and Messing, J., in CGene 19:259-268 (1982), which is
ultimately m —
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derived fromthe kananycin resistance gene of trangzzson Tn903. The
gene gqunL- nutations used were of two types. One is an i nBETAUSH2/GF448

t r anSWOMBARR12 wi thin the codi ng region of gene gunL. The second type is
derived fromthis insertion by deletion of a 3 kb Hindlll fragnent of TnKl12
whi ¢ch carries the genes encodi ng resi%éﬁnce to kananycin and streptonycin.
In this TnK12 del etion nmutation, an i dr? of 1 kb of TnK12 DNA stil
remains within the gene gunl coding sequence and this results in
insertional inactivation of the gene gunL product. The vari ous
conbi nati ons of these nmutations were constructed on plasm d pRK290- H336
using in vitro reconbi nant DNA technol ogy. The ei ght nutant plasm ds
obtained were then conjugally transferred fromE. coli into X canpestris
strain X1231 which contains the deletion nmutation that elimnates the
entire gumgene cluster fromthe chronosone. The 8 resulting strains
X1396- X1403 (Table 1) were then analyzed for polymer production.
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a wld-type, carries TnKIQ i nsertion within pRK290"?portion of the plasmd
b Tn%b@‘%%ﬁi on nufation C Kan[err] fragnment inserti orp@Iyus9Rm3448 TnK12
t 1,0 e

del e fi'vative insertion mutation e in-frame, non-polar deletion
mut ati on :
5/173
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- 23 - Al strains wefg grown in 50 m each FXC-RAH-1 nediumat pH 7.0

t hat cont ai ned: 3.2 g/l N-Z-amne AS PCT/US92/03448 .g/ |
MySo[ WOr§2/y¢58rr] O ’ 0.7 g/l KHerr]PJerr] 40
g/l gl'ucose 19.5 g/l (2-(N-norpholino) ethane sul fonic acid)
5-16G ng/l kananycin 1 ng/] Tetracycline (where applicable)

in 300.mM baffled shake fl asks. Tenpera @ was naintained at 30 C. After
approximately 60 hours of incubation, the culture broths were diluted with
two to four volunes of distilled Herr]O and the cells renoved by

centrifugation at 14,000 - 18,000 x g for 30 mnutes at 10[err]C. Guns were
precipitated fromthe supernatants by the addition of 2-3
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vol unes of 2-propanol ang col l ected by centrifugatioh using the conditions
descri bed previously. The precipitates were then rehydr atpei/Us92@34400 m

of 20wedMAEIS3and t he précipitations repeated. The guns were finally

rehydr ated in 100 m distilled H[ err] O each. Sanpl es of each were
subsequent |y dialyzed against 4 1 of distilled Herr]O for four days with
daily H err] O changes in 12,000 - 14, OODI3W cut of f cel | ul ose tubi ng.
Triplicate sanples of each purified gumwere-then concentrated 3-4-fold by
vacuum drying and hydrolyzed in 2 M trifluoroacetic acid at 120[err]C for
2-1/2 hours. After neutralization with 1.2 MNa[err]CJerr], the

hydr ol ysates were filtered through 0.45 mmfilters and ready for analysis
by high-performance Iiguid chromatography (HPLC). The anal yses
were performed usi éackrran HPLC  equi pped with an Am nex HPX-87H ion

excl usion colu mm) . Organic e detect edFﬁG, 60
ul travi ol et % 3&?\%@‘@%’6214 nm Refract ﬂQngg( was used to detect

neutral sugars The (un isocraticpikizgmth 0.01 N G(x1398)
0@ R
FIG. 6e o
Fx1400 FIG.
FIG. 6d F-L-(x1401)
GL(x1399) ee @e e e
Ac
AND .
Pyt Ac A

F:é. 69 FIG. 6h
-F-{x1402) GFL-{x1403)
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[érr] as the nobile phasaat a flowrate of 0.6 n1/rﬁ\nute at 45' C.
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The nol ar ratios of the ¢ conponents in each hydrolysate were cal cul at ed
using a series of calibration curves based on peak areasCTAUSIASA48Ugar

and M@&H‘@"%’r’tl d. .7 The nolar ratios of acetate and pyruvate to
mannose are shown in Table 2. Table 2
Mol &r Ratios of Acetate and Pyruvate to Mannose o
Acet'ate/ Pyruvate Strain Acetyl ase | ,A(;;tyl ase I I Ket al ase Mannose
Manrose  X1396 ¥ + N 0. 66 0. 43
X1397 + + 1. 01 0. 00
FIG. 8
/ tet \
/' SUICIDE PLASMIC |
\A B (C) D E/
N 7 '
N
A B C D E
l CHROMOSOME
A B () D E J_—_I:I___} A:B CDE
{/ tet \\\\ .
'\ ABCDE

|
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X1398 + 0163 0.36 X1399

N
+ ' , 0.51 0.00 X1
L . WO092/19753 6. 10 0. 39 X401 X1$%/us9r/03443
0. 4% 0.00 X1402 - + 0. 00

0. 37= X1403 0. 00 . 0. 00
The fol Fowi ng key observati ons about théQid’t‘a’ﬁpresent ed in Tabl e 2 can be
made.\ . .

+ NONPYRUVYLATED GUM

FIG. 9

]
60
TEMPERATURE (DEGREES C)

F
OWILD-TYPE GUM

30
28 —
26
24 —
22
20 —
18 —
14
12 —
10 —
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3. If Ketal ase was i nac'mat ed, acetylation by : Acetyl ase I1

[ ncreaw§§r1 tically (X400 vs. X1401), descrpdygtisvivoByas 4.

4, The~extent of acetyl ation by Acetylase | did not i ncrease
in response to the inactivation of Ket al ase. See X1398 vs
X139% described in Ex. 4. 13 5. Pyruvylation did not vary
signifieantly regardl ess ofi%he extent of acetylation. See
X1396y X1398, X1400, and X1402, described in : Ex. 4.

These data indicate that the gene gunG protein (Acetylase |Il) catalyzes the
acetyl ation of the external mannose of xanthan. This ap to occur to a
limted extent when Ketalase is active, but i ncrease%(%;;ti cally in,

Ket al ase nutants. These data indicate that pyruvylation ;S
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bl ocks acetyl ation, but the converse is not true since pyruvyl ation didn't
chang@ %qb.jgscantlyere;ga\;dl ess of the level of acetyl atipgr/usHzrosss8e gunt
protern % cetylase r) catalyzes the acetylatjon of the internal mannose
only, and previous data for polytrimer ad®@pgdBtetraner variants of xanthan
u. S vPatent No. 4,713,449 and U. S. Application Serial No. 844,335 have
shown tshat Ketal ase catal yzes the pyruvylation of the external nmannose

only. = EXAMPLE 3 _Thi s exanpl e denonstrates
t hat ng (Acetylase I1) does not catal yze acetyl ation of the inner mannose
of the ~ xanthan repeating unit. Gene | of the gum gene cluster

encodes Transferase V (Figure 1), the enzyne that adds mannose to the

| kpid-1inked tetrasaccharide internediate in xanthan biosynthesis. This
systemis described in U S. Patent No. 4,713, 44%. Mutations that

i nactivate gene gum |ead to the synthgsis aof a@ pid- |inked
tetrasaccharide. This tetrasaccharide Ee.&ag ng AII_HI t is polynmerized to
yi el d pol ytetranmer gum vnhl ch c@t alm a
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I nt ernal manno?{g [ rREPtmcrﬁiD rHEETHKkagess but |l acks the outer #0-4 Thos

- 26 - nmannofd Daerimidny: ga@etnd.. Qo ¥aRENAN gum ( Fi-gt+e A-~doublemutante .
pl asmi d, PKBTRHR Ghim(spas: ﬁgg@_t__r_sg% gamm cont al ns Wﬁﬁ%@ﬂﬁq&ﬁhﬁﬁ@t i 0BG |
Wi t hi n"gene guijfl] BRdidelg Gaadq-del e rrut agi on wi tAikes g@w@ngmase sedo paged 48,
Figure 3). The|rqdoshtgemut. ayg doj_,ggrgg M) [:}'r'fﬁ'del O a peid ElpiansX ermoged t.dotpeged 2.
X. Canpestris ipaTE OF RECEIPT

¥ Drawing(s) : paged /8. to paged s

[ Abstract  :paged .. to paged..:
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...................................

Description DATE OF RECEIPT.... a1t

GENETIC CONTROL OF ACETYLATION AND
PYRUVYLATION OF XANTHAN BASED
POLYSACCHARIDE POLYMERS

Pechnical Field

This application is a continuation-in-part of U.S. Patent
Application Serial No. 07/384,621, filed on July 25, 1989
hereby specifically incorporated herein by reference. This
application is also a continuation-in-part of U.S. Patent
Application Serial No. 07/566,875, filed Angust 13, 1990,
which is a continuation application of U.S. Patent :
Application Serial No. 07/029,090, filed March 23, 1987,
which is a continuation;inépart applicati.on' of U.S. Patent
Application Serial No. 06/844,435, filed March 26, 1986, all
of which are hereby specifically incorporated herein by
reference.

This invention relates to polysaccharide polymers.
particular, it relates to xanthan-based polysaccharide
polymers, defined herein as polymers structurally similar to
xanthan gum and produced by components of the xanthan
biosynthetic pathway, including those xanthan-based polymers
modified so that the outer mannose can be s'pecif.tcally
acetylated but not pyruvylated, pyruvylated but not
acetylated, ‘or unmodified while the inner mannose can be
independently controlled to be acetylated or unmodified.

Xanthan gum is produced by baqte:ia of the genus

thomona ‘, in pa.:‘:'ticular by microorganisms of the species
X. campestris. Xanthan gum is a widely used product due to
its unusual physical properties, i.e., its extremely high
specific viscosity and its pseudoplasticity. It is commonly
used in foods as a thickening agent and in secondary or
tertiary ofl recovery as a mobility control and profile
modification agent, as well as in petroleum drilling fluids.

Chen&cally. xanthan gum is an anionic
heteropolysaccharide. The repeating unit of the polymer is a
pentamer composed of five sugar moi.étj.es, specifically two

In
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del etion strain X1106 which contains only gumgenes B and Cin its -
chronosone. Genes ‘B-and C are provided by the chronpsone since the nutant
pl asm d, derived fron1pRK290-HA3, does not carry B or. C but contains al

t he rgmai ni ng gum genes, "D through M The resulting strain,

X1106( pKBnRdel cl a) or X1419, was anal yzed for polymer conposition tw ce.
Both anal yses failed to detect acetate i+ 2he polynmer. This result shows
that Acetyl ase I cannot acetylate the internal nmannose of the .
polytetranmer to any significant degree. In this nutant strain, Acetylase I

the non: pol ariiiaegoPa; BrobRraRie b Snd g W8R8, HeTertll AR
expressi on cﬁsgggg;qggﬁgpes are arranged such that t e glimcese moieties Th|s
fexa_nrlpl et ﬂgtscrfckm aﬂememhanefuahgsmhﬁef CEHEN S Rriiche sla.dey&hﬁ%gar bge
p;l ;nuvgl at’i on W‘ﬁseo g‘lr%% as gg}:éhgrgl ge%éngeagl %géhﬂﬁsa%%&%%t]ﬁgn §&ﬁ?d‘f‘ﬂg
structures off¥Rdet ﬂ&“&ﬁﬁ?s“&?@ £88wn
structure is specifically acetylated and pyruvylated, as
described, for example, by Janson, P.E., Kenne, L., and
Lindberg, B., in Carbohydrate Research, 45:275-282 (1975) and
Melton, L.D., Minot, L., Rees, D.A., and Sanderson, G.R.; in
Carbohydrate Research, _§3245-257 {1976), each of which is
- specifically incorporated herein by reference. .The extent of
acetylation, and pyruvylation.ie known to vary. The structure
of xanthan gum is depicted in formula I belows:

In spite of the broad utility of naturally-occurring .

‘ xgnthan gum, there are some situations where its physical
properties become limiting. In particular, in secondary oxr
tertiary oil recovery it is not uncommon for the temperature
of the oil bearing reservoir and the salt concentrations in
the reservoir brine to be higher than are optimal for xanthan
solutions. When these conditions occur, xanthan can
precipitate, flocculate end/or lose its viscosity.

Therefore, new viscosifying products which perxform well at
various conditions encountered during oil recovery, such as

higﬂ temperature and high salt concentrations would be
desirable.

968 d3S ¥1
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formin Figure 6. (a) Wld-type (X1396); Acetyl ase lx.—Ace

||+, Ketal ase + Nor mal xahthan is extensively ac=taﬁp@h3ﬁMENT ﬁgff
inner manpose residue and is frequently pyruvylated on tpe

resi due. Oontrary to general belief, a significant percehtag
t he outer mannose residues of normal xantthan are acet yljated!
nor mal xanthan repeating units are hetefogeneous wth reqpgqct
modi fi cati ons of the outer mmnnose, containing either pyiduvate or acetate.

The present invention discloses a family of xanthan-based
polysaccharides having improved properties relative to
naturally-occurring xanthan gum. Modifications of xanthan
gum have been previously described. For example, Bradshaw et
al. (Carbohydrate Polymers, 3:23-38 (1983)) describe methods

' for preparing chemically-modified xanthan gum which is
deacetylated or depyruvylated. Various means of chemically
deacetylating xanthan gum produced by Xanthomonas campestris
also are described in U.S. Patent Nos. 3,000,790 and
3,054,689. 'To date, the predominant method utilized for
these deacetylation processes has been chemical removal of

. the acetate moieties from normally acetylated xanthan gum.
It has been found that chemical processes for deacetylating
xanthan gums can -result in a number of undesirable side
effects and may cause hydrolysis of the glycosidic backbone,
resulting in an irreversible change in the conformation of

- the molecule and lowered molecular weight.

Some of the rheological properties of deacetylated xanthan
in aqueous media . are known. See, e.g., Tako and Nakamura,

. Agric. Biol. Chem. 48:2987-2993 (1984) and U.S. Patents Nos.
3,000,790 and 3,054,689. Also, a method of increasing the
viscosity of an agueous solution using a deacetylated
polysaccharide is described in U.S. Patent No. 3,096,293.
Thus, a method for obtaining non-acetylated xanthan which
does not cause untoward side effects has been sought. '

"  Xanthan gum can be chemically depyruvylated as well, as
described -by Holzwarth and Ogletree in Carbo. Res. 716:277-280
(1979). This chemical method of depyruvylation also can
alter the xanthan polymeric unit and/or cause hydrolysis of
the glycosidic backbone: While a stxain of X. campestris has
been described in U.S. Patent No. 4,296,203 which produces
non-pyruvylated xanthan gum, this non-pyruvylated gum was
eithe: fully acetylated or deacetylated using chemical means.

Adt’itionally, the extent of acetylation of the internal
mannose on the xanthan side chain and .the extent of the
pyruvylation of the terminal mannose may vary. The present
inventors believe that a fully acetylated and/or fully




_ 27 - : (b) L (X1397); Acetylase I+ Acetyl.ase I1+,

Ket al ase-. Thi s pol ynmer contains no pyruvate and as

extensively acetylated at the outer mannose residue. The ipn ﬁgﬁfﬁﬁﬁhag'SHEET
residue is highly acetylated as in wild type.. ) (X1398)
Acetylase r+, Acetylase II-, Ketalase+ : ThigsSpp! 498"

I's heavily acetylated on the I nner mannose4as in wld type,} gnd the outer

mannose is pyruvylated in the wild-type fashion. However, tihere-rs—mo
acetyl ation

pyruvylated xanthan will have improved rheological properties
for certain oil recovery purposes.

Moreover, the present inventors have identified
polysaccharides which are based on alterations of the normal
xanthan pentamer building block. These polymers exhibit
improved rheological proberties‘ovex normal xanthan gum with
respect to shear :afe, their ability to tolerate salinity and
their response to temperature as it affects their
viscosifying properties. These altered polysaccharides

include the polytrimer which is depicted below and the
non-acetylated polytetramer.

{-1y
| &/

. X on
on on.

These polysaccharides also include the acetylated .and
non-acetylated polytrimer described by Vanderslice et al. in
copending United States Patent Application Serial No.
72,878, entitled "A Polysaccharide Polymer Made By
Xanthomonas,® filed August 6, 1985, which is specifically
incorporated herein by reference.

An object of the present invention is to provide a family
of polysaccharide polymers which are better viscosifiers of
water than naturally-occurring xanthan gum. Another object
of the present invention is to provide a family of .
polysaccharide polymars having improved rheological
prdperties over naturally-occurring xanthan gum at elevated
temberatures and/oxr in the presence of salts and which
menmbers possess other desired properties.

A%



of the outer mannose. (d) gerr], L[err]

A I (X1399) Acetyl ase I[err
, Acetyl ase FiTerr], Ret al ase. . qmr

the high.level wld-type acetylation of the inner mannos %Hfﬂ# I..?ﬁ&T
nmannose.i s unnodified. (e) F- (X1400); Acet e |-, Acetyl dsd
1+, | Ketal ase+. The i nner

mannose of thi's poly r i 4 408EB01bec
whil e the outer mannose is nodified as in wld-type. That s, the outer

mannose in general ly pyruvyl ated, but & Ssi-gnificant fracfion of the outer
mannose residues are acetylated |nstead (f) LB Lo (X1401)

Acetylase |-, Acetylase 1+, Ketal ase- . Thi s poI ymer
contains an unpyd{&d |d¥ Und MRt -Ej?ﬁrention is to provide a family
of polysaccharide xanthan polymers in which the inner mannose
is acetylated or unmodified while the outer mannose is
acetylated, pyruvylated or unmodified.

It is also an object of the present invention to provide
an in vitro method for obtaining these products and
microorganisms having the ability to produce members of this
family of polysaccharide polymers in vivo. A further object
of the present invention is to-provide processes for
preparing .members of this family of polysaccharides by
acrobically fermenting microorganisms having the ability to

. produce the-varions polysaccharide polymers.

It is also an object of the present invention to provide a
process for preparing members of this family of
polysaccharides -by aerobically fermenting microorganisms
containing chromosomal mutations which gi.ve' these
microorganisms the ability to produce theé various
polysaccharide polymers.

Additional objects and advantages of the invention will be
set forth in part in the description which follows, and in
part will be obvious from the description, or may be learned
by 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. '

A

L

Disclosure of the Invention

To achieve the objects and in accordance with the purposes
of the invention, as embodied and broadly described herein,
there is provided a composition comprising a polysaccharide
polymer having a D-glucose: D-mannose: D-glucuronic acid
ratio of about 2:2:1, wherein the D-glucose moieties are
linked in a beta-(1,4]} configuration, inner D-mannose
moieties are linked in an alpha-{1,3} configuration,
generdlly to alternate glucose moieties, the D-glucuronate
moieties are linked in a beta-[{1,2] configuration to the
inner mannose moieties and outer mannose moieties are linked
to the D-glucuronate moieties in a beta-{1,4] configuration.



out er

&

mannose i s not pyruvylated but is heavily acetyl ated. (9)
F-, G (X1402); Acetylase |- , Acetylase ~ Il - et T
This polymer.is not acetylated at either the inner or out BEMmT SHEET
residues. Pyruvylation of the outer mannose occurs nqrnaljl y as 1 n
wi | d-type. (hy -, G , L- (X1403); Acetylase }-.} 14 SEP 199
Acetylase |Il-, Ketal ase -. 6 '

To further achieve the objects and in accordance with the
purposes of the present invention, there is provided a
composition comprising xanthan gum wherein the inner mannose
moieties are acetylated -at the 6-0 position. Another
structure contemplates both the inner and outer mannose
moieties being acetylated. A further structure is provided
having a portion of the outer mannose moieties pyruvylated at
the 4-6 position and a portion acetylated. Another structure
is provided with the outer mannose moieties pyruvylated at
the 4-6 position and-the inner mannose moieties acetylated at
the 6-0 position. Two.additional structures are provided,
one having the outer mannose moieties pyruvylated at the 4-6
position and the .other having the outer mannose moieties
acetylated.

To further achieve the cbjects and in accordance with the
purposes of the - invention, as embodied and broadly described
herein, thexre is provided a composition comprising a
polysaccharide polymer having a D-glucose: D-mannose: .
D-glucuronic acid ratio of about 23131, wherein the D-glucose
moieties are linked in a beta-[1,4] configuration, the
D-mannose moleties are linked in an alpha-[{1,3] '
configuration, generally to alternate glucose moieties, and
the D-glucuronate moieties are linked in a beta-[1,2}

configuration to the mannose moieties. This polysacchari\.de

_polymer is herein termed "polytetramer* because it consists

of ‘a repeating tetramer unit: glucose-glucose-mannose-
glucuronilc acid.* There is also provided a polytetramer
composition, as described above, wherein at least 90%,
preferably 95% and most preferably 100% of the mannose
moieties are acetylated at the 6-0 posit:lon as well as a
polytetramer which is non-acetylated. :

- Also, the present invention relates to a xanthan gum
herefn referred to as *"fully acetylated xanthan gum,* wherein
at lgast 90% of the internal mannose moieties are acetylated,
preferably 95% and more preferably 100%, are acetylated.
Also, the present invention relates to a xanthan gum wherein
at least 90% of the terminal mannose moieties, preferably 95%



- 28- Thi s polyner contains no acetate or pyruvate.
nor the outer. nannose residues .are nodified.
EXAMPLE>5 . This exanpl e describes the construction of
del etion rrut ation defective in both acetyl ase genes gu Jﬁﬁ?
vakiant xant hans described in Exanple 4 are produced by tan %ﬁ

X. canpestris in which the gum gene cluster has been dele

chronosone and is present in the cell _op a reconbi nant plasmd
i nstances it mght be desirable to have the gum gene cl
X. canpestris chronosone as this would elimnate the need for plasmd
mai nt enance, and thus should inprove strain stabilit A chronosonal
del etion rARAMRFE REafaxaRlY i10unareypyruvaiatgdechensishrefevted to

In sone
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Acetyl ase as antully-pyeapgaidter] wantmnc guii.uct ed as described bel ow. Thi s’

This invention also contemplates processes for the
production of the polysaccharide polymexrs described above.
The- polysaccharide polymers of this invention can be made
generally by genetic manipulations of the microbial
biosynthetic pathways which lead to the production of
polysaccharides. In particular, microbial pathways for the
production of xanthan gum may ‘be manipulated to create an in
vivo or in yitro system for the production of an altered
polymeric unit. Thus, systems can be created through the use
of mmtated Acetylase I, Acetylase II and Ketalase genes, ‘in
particular, to create polysaccharides which are acetylated or
pyruvylated to varying degrees. -For example, it is
contemplated ‘that xanthan gum which is 10%, 20%, 30%, 40%, or
50% can be synthesized as well as xanthan which is 10%, 20%,
30%, 40%, 50%, 60%, 70%, or 80% pyruvylated. Microorganisms
which produce the present polysabcharide polymers in vivo and

methods of using these polysaccharide polymers are also-
‘ disclosed.

The inventors also describe an in wvivo system for the
production of an altered polﬁmeric unit where the mutated
genes are incorporated into the chromosome of the
microorqanism rather than in a recombinant plasmid. This
chromosomal deletion mutation is advantageous because it
eliminates potential problems with plasmid maintenance, and
also could contrfbute to strain stability. = . |

~ It is 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 accompanyiné drawings, which are
incorporated in and constitute a part of this specification,
illustrate various embodiments of the invention and, together

with the description, serve to explain the principles of the
invention.




mut ant produces non-acetyl ated xant han gum Figure 7a shows a map of a

4.3 Kb Bglt1 fragnent of the gum gene cluster that contains the gunt and
gunG genes. JThis Bglll fragnent is cloned into the Bglll t-e—ef—Lhe

IL\, \—a

plasmd vector pSl to generate a recombinant plasmid ter npcRERRACEMENT 3“@ T
pSl vector is a derivative of pRK290 in which the origin pffv

not conjugal, DNA replication is replaced by the replicatfi gn qri gj f
pBR322. The pSl replication origin does not function in X canﬂegkpi &96
Therefore, pSI and its derivatives, such as pS1Bgl are }" Stieidel

, they can be conjugally transferred into X. canpestris but
cannot replicate in X canpgeséfiBescriptilom idff aheChxrawinty8S S MOWT—~A~—k<i.gur e

plasm ds, i.e.

"o vavont FAPLERL R RhBRs ot ] BB By ofPCLEORC L1 |
Exanpl e 1 (bFegis é‘sPifn&hﬁSfBgP“aF?‘H £ 1Xa/compestrds thgtacopsainmia
concent r at i orjluistepr oducwe)SbBgbhes r k&iwirahdiur biosypthesls. ofNxhheRsn .
experi ments & mn shows he! BppLokifidte | Idtatisois ¥ el BT "0
’ gene relative to the BamHI restriction map.
. Figure 1b shows some restriction sites in and around genes
F and G and the DNA sequence at the junction of genes F and
G. -
Figure 2 depicts the construction of a deletion mutation
(delCla) within gene gqumF of the gum gene cluster.
Figure 3a shows the structure of plasmid pl3delCla derived
-fxom pRK290-H336 by in vivo insertion of tra.nsp&sdn TnK12
into the vector portion of pRK290-H336 in the approximate
location shown in the figure and the subsequent deletion as
described in Figure 2 of the 660 base pair Clal DNA fragment
within gene gumF. :
Figure 3b shows the structure of plasmid pH336KBmldelCla
which is similar in structure to pl3delCla, containing the
. same 660 base pair deletion within gene gumF. This plasmid
contains an insertion mutation (KBml) at the BamHI site
within gene g_m_nG The DNA fragment inserted there is a BamHI
restxriction fragment carrying the kanamycin-resistance gene
of plasmid pUC4-K.
, . Figure 4 depicts the chemi.cal structure, and a schematic
representation, of the repeating unit of the polytetramer
variant of xanthan gum. .
Figure 5a shows -the structure of -plasmid pHA3KBm2delCla .-
derived from pRK290-EA3 which is identical to pRK290-H336 ’
except that it does not contain the 1.4 kb and 1.5 kb BamHI
fragments of the X. campestris gum biosynthetic operon DNA
and - therefore lacks genes B and C but contains genes D,
thrqugh M. pHA3KBm2delCla contains the gene gqumF deletion
mutation described in Figure 2 and an inserxtion mutation in
the BamHI site of gene gumI. The inserted DNA is again a
BamHI restriction fragment of pUC4-K which carries a gene
conferring kanamycin resistance. '




the DNA sequence at this site is the d al

recognition site, ATCGAT.
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Figure Sb shows the extent of a chromosomal deletion
mutation present in X. campestris strain X1106 with genes D
through M being deleted, while B and C are intact and
functional in the chromosome.

Figure 6 depicts schematic representations of the.
structures of repeating units of the polysaccharides produced
by wild-type X. campestris and mutants.defective in genes F,
G, or L and all possible combinations of mutations in genes
F, G, and L. Abbreviations used are: G = glucose; M =
mannose; GA = glucuronic acid; Ac = acetate; Pyr = pyruvate.

Figure 7a shows a-map of a 4.3Kb BqlII fragment of the gum
gene cluster that ‘contains the gum P and gqum G genes.

Figure 7b shows the deletion mutation of the Cla I
fragment internal to the gum F gene.

Figure 7c shows deletion of the second Cla I fragment
which creates an in-frame fusion of the proximal portion of
the qum F gene with the distal portion of the qum G gene.

Figure 8 shows the two-step recombination procedure as
described in Example S. '

Figure 9 depicts a viscosity comparison between wild-type
and non-pyruvylated gums. .

Figure 10 depicts a viscosity comparison between
nonacetylated and chemically-deacetylated gums.

Figure 11 depicts the approximate physical location of 3
TnK12 insertion mutations within the cloned gum gene cluster
DNA'‘of recombinant plasmid pRK290-H336. This figure also
shows the ‘approximate locations of Spel restriction
endonuclease cleavage sites in pRK290-H336.

Figure 12 depicts the presumed pathway of xanthan gum
biosynthesis. Abbreviations used are: Glu=Glucose;
GluA=Glucuronic acid; Man-Mannose; Glu-Glu=Cellobiose;
P=Phosphate; PP=Pyrophosphate; C55=Isoprenoid Lipid Carriexr;
PEPsPlt;osphoenolpyruvatej AcCoA=Acetylcoenzyme Aj; I-
V=Glychsyltransferases; UDP=Uridine 5:diphosphate; and
GDP=Guanosine 5’~Diphosphate.

-



sequence GATC is a substrate for the dam methyl ase whi ch nethyl e

resi due of this-tetranucl eotide sequehce. The d al
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Cl al digestion. In order to digest thegl site within genq dgurre—i+
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n are at Igy specifically incorporated herein by
reference.

The polysaccharide polymers of the present invention have
been described in detail above. These polysaccharide
polymers can be produced in witro with a cell-free enzyme
system or can be produced in wvivo by growing cells of an
appropriate mutant strain. Other means of preparing the
polysaccharide polymers are also described below. |

In Vitro Polysaccharide Synthesis _

The basic method relating to the use of a cell-free system
to make non-variant xanthan gum is described by Ielpi, L.,
Couso, R.0., and Dankert, M.A. in FEBS Letters 130:253-256
(1981), specifically incorporated herein by reference. It
has been found that a modified version of this method may be
employed to create the variant polysaccharides of this
invention.

For this novel, modified method, the in vitro cell-free
system is prepared generally by lysing cells of a
microorganism of the genus Xanthomonas, preferably

nth nas c stris, in the presence of a suitable huffer,
préferably including EDTA, and obtaining the appropriate
biosynthetic enzymes which are able to subsequently process
exogenously added substrates. This general method for this
in vitro system in descxribed in U.S. Patent No. 4,713,449 of
Vandérslice et al., specifically incorporated herein by
reference. Alternaté means of lysis may be used, including
but not limited to sonication, French Pressure cell,

dete;’:gent treatment, enzyme treatment and combinations
ther;of .

Generally, to produce the variant polysaccharj.des of the

present invention, a lysate of a microorganism possessing the
" enzymes required to assemble the desired polysaccharide is



through this region, and of distally |ocated genes H through M (Figure 1),
shoul d proceed nornally. The plasm d pSIBgl[err]d a2-including the .

deletion nmytation was transferred into the X canpestris Ch'oﬁgqngMENPSHEET
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a general fashion in Figure 8. In general, in the first ste
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selected by selection for- naintenance of an antibiotic resipgtance nmarker
carried within the vector portion of the plasmd. In the sk
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ose,
UDP-glucuronic acid, acetyl-CoA and phosphoenolpyruvate. The

choice of substrates is dependent on the polysaccharide which
it is desired to produce. For example, a non-acetylated
polysaccharide is obtained by eliminating acetyl-CoA as a
substrate. Similarly, a non-pyruvylated gum is obtained by
eliminating phosphoenol-pyruvate as a substrate. Chemical
and/or enzymatic treatment of the cell lysates in order to

deplete endogeneous substrates will be evident to one skilled
in the art. . -

=4
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In addition, cell-free systems may be created from mutant
organisms deficient in one or more of the enzymes of the
xanthan biosynthetic pathway (for example,.the pathway set
forth in Figure 12). Such mutant-derived cell lysates would
produce the variant gums described herein, either 'due solely
to the mutation or due to the mutation in combination with a
withheld substrate. For example, a cell-free system created
from a mutant culture lacking Transferase V would produce

3 polytetramer while the same cell-free system, when no acetyl-
CoA was present, would produce non-acetylated polytetramer.

‘The biosynthetic process may, in one embodiment, be
monitored. by the incorporation of radiolabeled substrates
into the polymeric units. Other methods may also be used to
allow identification of the biosynthetic intermediates that
‘are known to those of ordinary skill in the art. In
particular, chromatographic methods have been developed to
separate and to 'identify the oligosaccharide intermediates.

. These include thin layer chromatography and high-performance
liquid chromatography.

The cell-free biosynthesis of xanthan has been.found -to be
a time-dependent, sequential process that is dependent on the
additign of all three specific nucleotides. The background
of non-gpecific incorporation of labeled substrate is minimal
and does not interfere with the detection of the xanthan-
specific polymer in the gum fraction.
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'bi.osynthetic pathways. Additionally, the involvement of

pyrophosphoryl-linked lipid carrier in.xanthan biosynthesis
has been demonstrated,

hybri di zati on anal ysis of chronpsomal DNA structure. In th& BLM&NT SHEET

Thus, the xanthan bilosynthetic
, intemediates have been found to be recoverable in the

‘organic soluble fraction with these carxier lipids:- The
‘recovered oligosaccharide can subsequently be freed from the
carriexr lipid by mild acid hydrolysis, for example, pH 2 for
20 minutes -at -90°C and dephosphorylated with alkaline
phosphatase for analysis. .
_ Using these- -methods fox recovexy of intemediate products,
it has been discovered that, under in witro conditions,
certain lysates of X. campestris mutants will produce non-
acetylated or non-pyxuvylated xanthan gum even in the .
presence of all substrates required for non-variant gum
synthesis. In light of the teachings herein, these methods
will enable one.skilled in the art to identify cell lysates

. which produce other altered polysaccharides.

'In Vivo Polysaccharide. Synthesis
The development of the cell-free synthesis process for the

polysaccharides described above demonstrates that various
Xanthomonas campestris cells have all the enzymes necessary
to synthesize xanthan-based polymers that have the mamtose
residues acetylated, pyruvylated oxr unmodified. nowever, to
use whole cells to synthesize polytetramer in vivo, a means
for blocking xanthan gum synthesis at Reaction V (see Figure
12) would be required. Moreover, in oxdér for the whole
cells to synthesize non-acetylated polytet::amer‘, means for

blocking the acetylation xeaction (see Figure 12) as well as
reaction V would be required.

_ Furthexmore, for whole cells to synthesize non-acetylated
xanfman gum, a means of blocking the acetylation of eithex
the f.nner or outer mannose during xanthan gum synthesi.s would
be required. Additionally, for the whole cells to synthesize
non-acetylated, non-pyruvylated xanthan gum, a means of
blocking xanthan gum synthesis at both the acetylation and

<




cluster DNA showed a wild type pattern in DNA fromthe |ight_yellow
| sol-ates. The hybri.dization pattern-for

] , DNAs from the dark ENT SHEET
i solates indjcated that, in these isolates, pSlBgl[err]C a2 ngﬂﬁ\ o4 §"§

into the chronosone. Two of the bonafide pSiBgl[err]C a2{ipsertian l
i sol ates were then grown in the absence of tetracycline to}sgr :
subsequent reconbination in the second step of the gene repl pcenent i
process. In these experinments, liquid culXlir-es

are grown tp saturation in
t he absence of tetracycline, diluted 1:50 in fresh growh .Eced.t.um,_.and_.__
again grown to saturation. In several experinents of this type t he nunber
of subcul tu a f ol Iyq
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tetracycline-sgpgl Eohg! Oﬁhﬁiuaﬂﬁbeﬂu{‘.‘”ﬂ@{ylmﬂéanto g@ﬁ 2 The
frequency of tetr CC|I W|th

'sensitive .ISO es rease [3) nunber of
gener ati ons (Fn3§ ‘il?xann), and 'm“%

used to mntagen ze
zanthm. nas campestris. These transposons, in one
embodiment, confer resistance to tetracycline or kanamycin.
Transposons have the ability to insert themselves into genes.
wherein -they cause mutations by interrupting the coding
sequence. The transposons can be introduced into Xanthamonas
campestris on various vectors, including on so-called suicide
vectoxs, such as pRK2013. Vectoxr pRK2013, as described by

. Ditta, G., Corbin, D. and Helmski., D.R. in Proc. RNatl. Acad
Sci. U.S.A., 77:7347-7351 (1980), specifically incorporated
herein by reference, has the ability to transfer itself into
non-enteric bacteria, such as Xanthomonas campestris, but
cannot replicate in that host. Thus, if the suicide vector
is introduced into a population -of Xanthomonas campestris
cells and that population is subsequently challenged with
either tetracycline or kanamycin, the individuals which
survive are those in which one of the transposons has
inserted into the genome of Xanthonomas campestris.
Survivors of such a challenge can be screened for those which
have lost the ability to make xanthan gum. Such mutants may
appear less mucoid than mold-type Xanthonomas campestris.

In other embodiments of the invention, other means of
mutagenesis can be employed to gﬁ'enerq.te mutants that do not
acetylate and/or pyruvylate the gums they produce. Such
means will readily occur to one skilled in the art, and
include, without limitation, irradiation, recombinant DNA
technology (in particular, as described in United States
Patent Application Serial No. 07/333,868 of Capage et al.,
entitied *“Recombinant~DNA Mediated Production of Xanthan
Gum,"/filed April 3, 1989, and incorporated specifically
herein by reference, and in Example 1 below) and chemical
mutagen treatment. Examples of such mutagenesis procedures
have been described by Miller, J.H. in Experiments in



(i.e. subculture steps) in the absence of tetracycline.

I ndi vi dual
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Molecular Genetics (1972); Davis, R.W., Bostein, D. and Roth,
J.R. in Advanced Bacterial Genetics (1980); and Maniatis, T. .

Fritsch, E.F. and Sambrook, J. in Molecular Cloning (1982},
Cold Spring Harbor.

Although mutants can first be chosen which appear less
mucoid.-than wild-type organisms, those desired generally
retain the ability to make some polysaccharide. Cell-free
extracts of each of the xanthan mutants can be prepared and -
tested as noted above by the addition of different
combinations of substrates and analysis of the resultant
products. .

Alternatively, appropriate mutants can.be detected by
assaying the culture broth of each.mutant for the presence of
the desired polysaccharide, e.g., xanthan gum which has the
outer mannose acetylated but not pyruvylated, pyruirylated but
not acetylated, both pyruvylated and acetylated or unmodified
while the inner mannose is acetylated or unmodified. Thus,
mutants can be .found which appear to be blocked at various
positions of the xanthan gum pathway. Mutants of Xanthomonas
campestris which produce xanthan gum that is acetylated at
the inner mannose and acetylated at the outer mannose
(X1397), acetylated at the inner mannose and pyruvylated at
the outer mannose (X1398), acetylated at the inner mannose
and unmodified at the outer mannose (X1399), unmodified at
the inner mannose with a portion of the outer mannose
‘moteties pyruvylated and a portion acetylated (X1400),
unmodified at the inner mannose and acetylated at the outer
mannose (X1401), and unmodified at the inner mannose and
pyruvylated at the. outer mannose (X1402), and unmodified at
the inner mannose and unmodified -at the outer mannose
(X1403), have each been placed on deposit at the American
Type Culture Collection, Rockville, Maryland, under Accession
Nos..‘68033, 68034, 68035, 68036, 68037, 68038 and 68039,
resp?ctively .

A mutant of Xanthomonas campestris which produces non-
acetylated xanthan gum (X1006), a mutant which produces non-
pyruvylated xanthan gum (X921), a mutant which produces



pol ymer production in vivo by the procedures detailed in Exanple 2. The
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have each been placed on deposit at the American Type Culture

Collection, Rockville, Maryland, under Accession Nos. 53472,

53473, 53474 and 67344 respectively. T
Mutants of Xanthomonas campestris which produce variants

of xanthan gum and which contain chromosomal mutations have
‘also Been produced, by way of..example only, X1910 is
described in Example 5 which produces polymer ummodified at
the inner mannose and pyruvylated at the outer mannose.

It is not beyond the scope of the invention to employ
“enzyme inhibitors of Acetylase I, Acetylase II, Transferase
Vv, and Ketalase to arrive at the same products. Still other
alternatives for prodncing this family of polysaccharides are

contemplated, 1nc1uding enzymatic and chemical degradation of
natural xanthan gum. -~

The mutants can be grown under conditions-generally known
in the art for growth of wild-type Xanthomonas campestris.
For example, they can be grown on suitable assimilable carbon
sources such as glucose, sucrose, maltose; starch, complex

carbohydrates such as molasses or corn syrup, various organic

acids and the like. Mixtures of carbon. sources can also be

employed. The concentration of carbon source supplied is
often between 10 and 60 grams per liter. Also necessary\for
.growth are an assimilable source of organic or inorganic
nitrogen, generally between about 0.1 and 10.0 grams pexr
liter, and minerals, the choice of which are easily within
the skill of the art. - Examples of suitable nitrogen sources
are ammonium salts, nitrate, urea, yedst extract, peptone, or
other hydrolyzed proteinaceous materials or mixtures thereof.
Examples of suitable minerals include phosphorus, sulfur,
potaésium,-sodium, iron, magnesium; these are often added
with/a chelating agent such as EDTA or citric acid.

Optimal temperatures for growth of Xanthomonas campestris
generally are between 18° and 35°C, preferably between about
27° and 30°C. Xanthomonas campestris cells are grown
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The polysaccharides of the présent invention can be
recovered from fermentation broths by a suitable means.
Precipitation with isopropanol, ethanol, or other suitable
alcohol readily yields the polysaccharides of this invention.
Generally, alcohols are added to a concentration of about 50
to 75%, on the basis of volume, preferably in the presence of
potassium chloride, sodium chloride or other salt.
Alternatively, the polymers can be.recovered from the broth
by ultra-filtration.

Mobility control solutions for use in enhanced oil
recovery may also be prepared from the variant polysaccharide
pblymers disclosed herein. Solutions of the polysaccharide
polymers at concentrations of from about 50 to about 3000 ppm
.ai;e appropriate for such mobility control solutions. Other

o known additives may also be used in combination with these
solutions to further enhance oil recovery. Such additives
include, for example, surfactants, alkaline agents or metal
ox organic crosslinking agents.

The polysaccharide polymers, 1ike xa.nthan gum, can also be
used as thickening agents in foods, cosmetics,: -medicinal’
“formulations, paper sizing, drilling muds, printing inks, and
the like.and as a gelling agent. In addition, they can be
used to reduce frictional drag of fluid flow in pipes.

EXAMPLES

The following examples illustrate certain of the preferred
embodiments of the present invention. All United States
patent applications and other references cited in these
Examples are speciﬁ.cally incorporated herein by reference.

E LE
This example demonstrates that there are two X.
campestris genes which encode enzymes that catalyze
acetylhtion of ranthan gqum.
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Capage et al., U.S. patent application Serial
No. 07/333,868, described the nucleotide sequence of a 16 kb
segment of X. campestris DNA that contains a gene cluster
required for xanthan gum biosynthesis. Mutations were
isolated that inactivated each of the genes identified by the

DNA sequence. The phenotypes of mutant strains carrying

these mutations were determined. Mutations in gene gumF (see

Figure 1la), caused by transposon insertion, resulted in
production of xanthan gum that- contained no detectable
acetate. JInsertion mutations in gene qumG did not result in
any obvious defect in xanthan gum biosynthesis. Mutants with
gene qumG defects’ produced high levels of xanthan gum, and _
. this gum contained all of the normal constituents of xanthan
in approximately normal molar ratios. On the basis of these
initial results, it was concluded that gene qumF encoded an
enzyme that catalyzed the known acetylation of the inner

mannose -of xanthan, while the activity of the gene gqumG
protein remained unknown.

However, when the DNA sequence was used to predict
the amino-acid sequences of the products of genes F and G
(gpF and gpG), these proteins were found to have extensive
homology to one another. This finding indicated that the
“functions of gpF and gpG might be similar. The phenotypes of
mutants defective in gene gumG were subsequently reexamined,
and the compositions of xanthans produced by these mutants
werb precisely quantitated. These data showed a small (5%~
10%) but significant decrease in the .acetate content of gum
produced by G mutants as. compared to wild-type X. campestris.
Therefore further experiments were perfomed to determine
‘what role gpG might have in acetylation of xanthan.

The hypothesis that gpG normally directs 10% of the
acetylation of xanthan gum was seemingly contradicted by the
ob'ser\{ation that transposon insertion mutations in gene gumF
result;éd in elimination of acetylation. Clearly, these
mutant gums did not retain 10% of the normal acetate content.
However, it was possible that insertions in gene gumP reduced



i n Exanpl eS 7 and 8, and found to produce a pol ysaccharide that was
non-acetyl ated. A second nmutant strain was constructed b

insertion of a fragnent of DNA contai ning the tetracycl |Hé}gé¢’ Tt HEET
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strain (X921) was found to be defective in the Ketal ase ac i\i]i4)5E9A39%ou d
by the nethods of Exanples 7 and 8, thisjgutant produced}xgnthan that
non- pyr uvyl at ed. A third nutant strain (X934) was al s urd— T hat
greatly reduces the ketal ase activity. This nutant straifp produces xapnth
gumthat has a very low level of pyruvylation: 1-5%of the level of
pyruvyl ati oPEf natedh the on of gppengumG: agtaresvdLHime+ ound
as descri bedabrédwpdYar pretfocums y msestionst 8fdenlg ngdnéﬁaﬂydheduce
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Capage et aKleekneiprderstiak, ptim|d. Hod. ®ipar 9TR661WBI5t QL9PP) | i ze PTX655
with plasm QOPWQ}?’ €R¢ reduction can be quite severe in instances
- where the downstream gene is 'translationally coupled® to the
gene containing the insertion mutation as reported by
Oppenheim, D.S. and Yanofsky, C., in Genet. 95:785-795
(1980). Translational coupling is a phenomenon wherein the
translational stop signal of one gene overlaps the
translational start signal of an -adjacent downstream gene.
In some cases where such coupling occurs, the initiation of
translation of the downstream gene is largely or entirely
dependent on termination of translation of the upstream gene
occurring at the coupler. Thus, insertions in the upstream
: member of the coupled genes can dramatically reduce, or even
eliminate r expression of the downstream gene because these
inserts invariably cause frame shifting and premature
, termination of translation of the upstream gene.

The DNA sequence of the gum gene cluster revealed
that the translational stop of gene qumF does overlap the
translational start of gene gumG, i.e., the two are “coupled”
(see Figure 1b). Moreover, the sequence of the. translational
initiation signal for gene gumG is not particularly strong,
which suggests that the translational coupling might play a
significant xrole.in gene gumG expression. To test this
hypothesis, a deletion mutation (as shown in Fig. 2) was
constructed within the coding sequence of gene gumF. This
deletion eliminated 660 base pairs between the Clal sites
within gene gumF. The deleted DNA falls entirely within the
cohi.ng sequence of gene gumfF, and no foreign DNA is inserted.
Thus s the deletion removes a large portion (approximately
60%) "of the gene but does not alter the reading frame since
the number of base pairs deleted is evenly divisible by 3.
The mutant gpF produced by this deletion mutation (gpPdel) is
missing 220 amino acids out of a total of 364, but the
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carrying one copy of TnlO inserted in the chronbsone are resistant to
significantly higher concentrations of tetracycline than are strains

carrying TniQ.-Q0+3 oxalt istapt RfagEnd oihe sR4cehé Ofed gt err]l X

canpestris translational stop, coupled to the start of gene gumG, remain
unaltered. The elimination of two-thirds of the amino acid
residues of gpF is very likely, although not certain, to
result in elimination of all protein activity. Thus, any
residual acetylase activity from this mutant is most apt to
be due to activity of gpG.

This Clal deletion mutation was constructed on
plasmid pRK290-H336.13 (Figure 3a) which carries an otherwise
wild-type gum gene cluster and an insexrtion of transposon
Tnl0 dell6 dell? KanR described by Way et al., in Gene
32:369-379 (1984) and here termed TnK1l2, located within the
vector position of the plasmid. Thé TriK1l2 insertion provides
convenient drug resisi:an_ces for selection of plasmid
transfer. The deleted plasmid, termed pl3delCla, was
transferred into the X. campestris Gum~ delétion strain
X1231, which is missing genes B -~ - M; and polysaccharide
produced by the resulting strain X1231(pl3delCla) was
analyzed. This gum contained a low but significant amount of

) acetate; roughly (10-15)% the amount normally found in wild-
type xanthan. This result indicated that both gpF and gpG
are acetylases and that the bulk of acetylaﬁion of xanthan is
catalyzed by gpF with a minor component of xanthan
acetylation being catalyzed by gpG. However, it remained a
possibility that the low level acetylation observed in the
‘musant X1231 (pl3delCla) resulted not from the activity of
gpG, but from a residual activity of gpFdel. To address this
issue, a double mutant derivative of plasmid pm90-3336 was
constructed.. As shown in ‘Figure 3b, this double mutant
combined the gene gumF Clal deletion mutation and an
insertion mutation (KBml)- in gene qumG. The double mutant
plasmid pH336KBmldelCla was transferred into strain X1231, .
and the polysaccharide produced was analyzed. If the low
level jacetylation observed in gum produced by
X1231(pl3delCla) results from the act‘:ivity of gpG, then the
double mutant X1231(pH336KBmldelCla) should eliminate gpG
activity by virtue of the insertional mutation in gene gumG,



-33 - out of the above mating resulted in a high frequency (0.5 per
reci pi ent) of progeny which grew very poorly (i~e., only smal]l . watery

colonies)’on. tetracycline. After prolonged incubation, a |fr fa | '
the col onies (25% produced sectors of nore vigorously gro ngﬁﬂbpﬁﬁé~ﬁ£¥@ET
hese probabl yj

than 50% of these sectors appeared to be Gum in norphol ogy

result from reconbination between the pl.agg d- borne DNA conf af nitfy SER199610

i nsertion and the chronosonal wild type DNA. Wen the Tnl0 § s{_reconbi ned

into the chronosomal, high-level Tet[err] is obtained and the vigorously
sectors picked and

growi ng sector is observed. Wen these Gum, Tetr

restreaked oANHeRPaaFeLYRatiomfhonld, ke absaryedi.splfy choue¥es, sbherreal
Gum:. nor phol ggurce of acetylating activity in X1231(pl3delCla) is the

mutant gpFdel, the addition of the gene gumG insertion should
not affect acetylation, and the same 10% level observed in
X1231(pl3idelCla) should be seen in gum produced by the double
mutant strain. The polysaccharide produced by strain
x1231(pH336KBmldelCla) was found to contain no acetate.
proved that gpG does catalyze acetylation of xanthan and
that, in wild-type strains, gpG is responsible for roughly
10% of - the total acetylation that is observed.

: . EXAMPLE 2 :

This example demonstrates that the target residue for
acetylation by gpG (but not gpF) is the outer mannose of the
xanthan repeating unit and that.this acetylation is enhanced
when pyruvylation of the outer mannose is blocked.

‘Mutations in gene.guml (Figure la) of the xanthan
biosynthetic gene cluster were previously shown to-inactivate
the ketalase enzyme which catalyzes pyruvylation of the outer
mannose. Mutants lacking .gplL activity produce xanthan gum

. devoid of pyruvate. However, initial studies of such mutants

revealed that these non-pyruvylated polymers contained

unusually high levels of acetate, generally > 0.8 acetate/
mannose.

This

Thus, the outer mannose can be efficiently
acetylated when pyruvylation is genetically blocked and
further studies have shown that this acetylation is catalyzed
by'ng and not gpF.

In order.to examine the interaction of the two
acetylase genes with the ketalase gene and each other, a set
of eight mutant strains comprising all combinations of
mutations in gene gqumF (Acetylase I}, geﬂe‘gggg (Acetylase
11), and gene gqumlL (Ketalase) were constructed. The various
combinations of mutations were constructed on plasmid pRK290-
H336; which contains the. entire gum gene cluster.

' The gene gumF mutation employed in these
constructions is the in-frame deletion within this gene. As
described above, this deletion eliminates 660 base pairs
between the Clal sites located within gene gumF. The deleted



GQumt, Tet[err] isolates were also characterized. Sone of these.
particul.ar X934) -were found to.contain the entire plasmd
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EXAMPLE 7 Thi s exanpl e shows how the2hltered pol ysaccHarlides of _the

present invention can be prepared in vitro. For instance,
non-acetyl ated and/or non-pyruvyl ated xant han gum was pr
Preparati opNaf flal3at eatireXg iR eARAAEnE AEHEHAY |
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30C. deleted is evenly divisible by 3. The mutant gpF produced by
this deletion mutation (gpFdel) is missing 220 amino acids
out of a total of 364, but the translational start of F and
its translational stop coupled to the start of G remain
unaltered. The elimination of two-thirds of the amino acid
residues of gpF was shown above to eliminate gpF activity.
The gene gumG mutation used in these mutants is an
insertion (KBml) -within gene qumG at a BamHI site that
interrupts the coding sequence of gene gumG. The inserted
DNA is a restriction fragment containing the 1.3 kb Kan® DNA
segment of plasmid pUC4-K as described by Vieira, J and
Messing, J., in Gene 19:259-268 (1982), which is ultimately

derived from tlie kanamycin resistance gene of transposon
Tn903.

it shovvs how

-+ vILIU

-

The gene guml, mutations used were of two types. One
is an insertion of transposon TnK1l2 within the coding region
of gene gumlL. The second type is derived from this insertion
by deletion of a 3 kb HindIII fragment of TnKl2 which
ca:;:cies the genes encoding resistance to kanamycin and .
streptomycin. In this TnK12 deletion mutation, an insert of
'1 kb of TnK12 DNA still remains within ‘the gene guml, coding
sequence and this results in insertional inactivation of the
gene guml. product. :

The _various combinations of these mutations were
cohstructed on plasmid pRK290-H336 using in vitro recombinant
DNA technology. The eight mutant ‘plasmids obtained were then
conjugally transferred from E. coli into X. campestris- strain
x1.231' which contains the deletion mutation that éliminates .
the e¢ntire gum gene cluster from the chromosome. The 8

resulting stxains X1396-X1403 (Table 1) were then analyzed
for polymer production. '




The cells were harvested by centrifugati on and washed with cold Tris-HJ,
70mM pH 8.2 with 10nM EDTA and were freeze- thawed three tinmes by a

proceduré skinilar to Garcia, R C et al. described in European Journal of
Bi ochenj stry 43:93-105 (1974), specifically incorporated hereby by
reference. This procedure ruptured the cells, -as.was. eyvi denced

by the REPLACEMENT SHEET
14 SEP 1996
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Table 1
Genotype

Strain Acetylase I 'Acetyiase IX Ketalase
X13962 + + +
X1397 + + b
X1398 -f». < +
X1399 + _c d
X1400 . _© + +
X1401 _e ) + b
X1402 e ' c +
X1403 - e . c d

2 wild~type, carries TnK12 insertion within pRK290
. portion of the plasmid

b K12 insertion mutation
C KanT fragment insertion mutation
d TnK12 deletion derivative insertion mutation

@ in-frame, non-polar deletion mutation ' '

A )




I ncreased viscosity of the suspensions and the conplete |oss

Ol 1 "
viability (one of 10[err] survivors) after this treatnent. Tho  REPLACEMENT SHEET
freeze-t'hawed | ysates were frozen in aliquots at -80[err]C. Pgofein
concentration was deternmined with Bl O RAD assay (BI O RAD Labot ajor{ gggp 6
Ri chnond, California) and was found to be 5 to 7 ng cell protegih perlg ‘§9
| ysat e. Bi osynt hetic Assay Procedure As descri bed by |el pF—t—=6teotse
R O, and Dankert, MA in FEBS Letters iio 253-256 (1981), s

DGCI fi caI |y
i ncor porated herei n by reference, an aliquot of freeze-thawed

_ l'ysate
(equivalent to 300 to 400 ug protein), DNAase | (10 ug/m), and MyC [err]

(8 M) wer alpr straibst eeret g20@nf dn 50emlyeathuFXC-RAR-Equedivm| atepf 70
MM Tri s- HC}, oPEh@+2 cofitliniede desired radiol abl ed sugar nucl eoti des

(UDP- gl ucose, GDP-manno e and S'Dlﬁp Iucgronaﬁ aci d) were added and i ncubated
at 20C. Radi ol abel ed ph % d acetyl coenzyme A were added

when desired as descri béd»Tl ngilél MgSely -dH,0 supra, and lelpi, L. Couso,
R O, and Dankert, MA oBizoclem ;@Q@hys Res Conm 102: 1400- 1408 (1981)
and lelpi, 40 g/l glucose
19.5 g/1 (2-(N-moxpholino) ethane sulfonic acid)
5-10 mg/l kanamycin
1 mg/l Tetxacycline (where applicable)
in 300 ml baffled shake flasks. Temperature was maintained
at 30‘C. After approximately 60 hours of incubation, the
culture broths were diluted with two to four volumes of
distilled H,0 and the cells removed by centrifugation at
14,000 - 18,000 x g for 30 minutes at 10‘C. Gums were
precipitated from the supernatants by the addition of 2-3
volumes of 2-propanol and collected by centrifugation using
the conditions described previously. The precipitates were
then rehydrated in 100-300 ml of 20 mM NaCl and the
precipitations repeated. The gums were finally rehydrated in
. 100 ml distilled H,0 each. Samples of each were subsequently
dialyzed against 4 1 of distilled nzo for four days with
daily H,0 changes in 12,000 - 14,000 MW cutoff cellulose
tubing.
Triplicate samples of each purified gum were then

concentrated 3-4-fold by vacuum drying and hydrolyzed in 2 M
trifluoroacetic acid at 120/C for 2-1/2 hours. After

neutralization with 1.2 M Na co3, the hydrolysates were
filtered through 0.45 mim filters and ready for analysis by
high-performance liquid chromatography (HPLC).

The analyses were performed using a Beckman HPLC
equipped with an Aminex HPX-87H ion exclusion column (300 x
7.8 mm). Organic acids were detected by ultraviolet
absofbance at 214 nm. Refractive index was used to detect
ne\n:i‘al sugars. The column was run isocratically with 0.01 N

H,S0, as the mobile phase at a flow xraté of 0.6 ml/minute at
45°C.



L., Couso, RO, and Dan Kert, MA., Biochem Intern. 6:323-333 (1983),
both of which are specifically incorporated herein by reference. At various
tinmes, fthesreactions were stopped by dilution with 4C buffer. The sanpl es
were .centrifuged and the pellets were washed two tinmes with buffer. The
supernat ants were_ conbi ned, carrier xanthan (100 ug) was ad
xant han plus synt hesi zed pol yner wWas precipitated with ethg
(60%-KCO (0.8% . The precipitated polynmer was resuspended
reprecipitated two nore tinmes to renove uni ncorporated | abg¢ WiggyWit
I ncorporated into the precipitate (ternmed the gumfraction) jpas deter r@ed
inaliquid scintillation counter and $he_data were proceﬂ[slg '

i ncorporation in terns of piconoles of the radiol abeled c onents.
Cell lysates of X1006 did not incorporate carbon-14 acetate from[err—e—
acetyl CoAinto the gumfraction of the in vitro system Cell |ysates of
S4-L did produce FReVPP}RF Jigthios of the components in each

hydrolysate were calculated using a series of calibration
curves based on peak areas for each sugar and organic acid.

The molar ratios of acetate and pyruvate to mannose
are shown in Table 2.

Table 2
Molar Ratios of Acetate and Pyruvate to Mannose

: Acetate/ Pyru
Strain  Acetylase I Acetylase II Ketalase Mannose Manng::e

X1396

+
+
+

0.66 0.43
X1397 + + ' _ 1.01 0.00
X1398 + _ + 0.63 0.36
X1399 + _ _ 0.51 0.00
X1400 - 7 + ' + 0.10 0.39
X1401 - + _ .47 0.00
X1402 - - + 0.00 0.37
X1403 - -

_ 0.00 0.00

The following key observations about the data presented in
Table 2 cdn be made. -

1. The 660 bp deletion in gene gqumF inactivated the
gene F protein (Acetylase I). See X1402 vs
X1398. ’
2. = The gene gumG protein (Acetylase II) acetylated
xanthan and at a much reduced level compared to
: wild-type when.Ketalase was active. See X1400
vs X1396, described in Ex. 4.
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Simlarly, cell |lysates of
14. X921 did not incorporate [err] (

pyruvate'into the gumfraction while
S4-L cell*lysates did incorporate radi ol abel ed pyruvate
14 from phosphoenol [[err] C

pyruvate into the-gum fraction| JIEPLAGENENT SHEET
X1006 was identified as a mutant b

- 25 - | 14 SEP 19967;

1
)

vitro system Thus,

If Ketalase was inactivated, acetylation by
Acetylase II increased dramatically (X1400 vs.
X1401), described in Ex. 4.

The extent of acetylation by.Acetylase I did not
increase in response to the inactivation of
Ketalase. See X1398 vs X1399, described in

-- Ex. 4. _ :

Pyruvylation did not vary significantly
regardless of the extent of acetylation. See

X1396, X1398, X1400, and X1402, described in
Ex. 4.

These data indicate that the gene qumG protein

(Acetylase II) catalyzes the acetylation of the external

mannose of xanthan. This appears to occur to a limited

extent when -Ketalase is active, but increases draﬁatically in
Ketalase™ mutants. These data indicate that pyruvylation
blocks acetylation, but the converse is not true since
pyruvylation didn‘t change significantly regardless of the
. level of acetylation. The gene gumF protein (Acetylase I) .

catalyzes the acetylation of the internal mannose only, and
previous data for polytrimer and polytetramer variants of
xanthan U.S. Patent No. 4,713,449 and U,.S. Application Serial
No. 844,335 have shown that Ketalase catalyzes the
pyruvylation of the external mannose only. '
R | EXAMPLE 3

This example demoristrates that gpG (Acetylase II)
does not catalyze acetylation of the inner mannose of the
xanthan repeating unit.

Gene I of the gum gene cluster encodes Transferase V
(Figure 1), the enzyme that adds mannose to the lipid-linked
tetrasaccharide intermediate in xanthan biosynthesis.
system is described in U.S. Patent No. 4,713,449. Mutations
that lnactivate gene gumI lead to the synthesis of a lipid-
linked tetrasaccharide. This tetrasaccharide repeating unit
is polymerized to yield polytetramer gum, which contains the
internal mannose in its normal linkages but lacks the outexr

This




strain w

th.a defect in the gene for Acetylase and X921 as a nutant strain

with a defect-in the gene for Ketal asé. Lysates of these strajuas_produced"
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EXAMPLE 8

mu

HERGGHnE 68e9 ELgES 1) 1 h %&%mutant
plasn_d.d pKBm2delCla was transferred into the X. campestris

deletion strain X1106 which contains only gum genes B and C
in its chromosome. Genes B and C are provided by the
chromosome since the mutant plasmid, derived from pRK290-HA3,
does not carry B or C but contains all the remaining gum
-genes, D through M. The resulting strain, X1106(pKBm2delCla)
or X1419, was analyzed for polymexr composition twice. Both
analyses failed to detect acetate in the polymer. This
result ghows that Acetylase II cannot acetylate the internal
mannose of the polytetramer to any significant degree. In
this mutant strain, Acetylase II is active because gene qumG. .
is not mutated and the gene gumF mutation is the non-polar
Clal deletion which.has been shown above not to affect the
expression of gene qumG. .- )
EXAMPLE 4

This example describes the repeating units that
comprise the polysaccharide family that can be produced by
genetic control of acetylation and pyruvylation of the
pentasaccharide repeating unit of xanthan gum. -The

structures of these repeating units are shown in schematic
form in Figure 6.

>

(a) w11d-type (X1396); Acetylase )  Acetylase
II « Ketalase +.

Normal xanthan is extensively acetylated at the inner
mannose residue and is frequently pyruvylated on the outer
mannose residue. Contrary to general belief, a significant
percentage (10-20) of the outer mannose residues- of normal
xant?an are acetylated. Thus, normal xanthan repeating units
are qeterogeneous with respect to modifications of the outer
mannose, containing either pyruvate or acetate.



deficient strain, X10006, to produced non-acetylated gumin vivo. This .
exanpl e al so denonstrates the in vivo production of the ngn-pvruvyl ated

gum fromthe Ketal ase-mnus strain, X921, and xanthan gunf vggppa
| evel of pyruvylatiqon fromthe strain X934. The three QEMWP%?@ET

descri*bed above and S4-L were grown overnight in broth wifhjtwo percent
glucose at 30[err]C. The gum was harvested by renoving cefl Hy‘ SEP 1996
centrifugation, precipitating the gum#syomthe supernatant py addition of
2- propanol or ethanol with 0.5 to 1% potassium chloride.y The gum

precipitate was recovered by centrifugation and resuspend

was repeated. The esugp um nas di al yse ai nst : A sanpl e of
each (IiJ) i ?EH§9719 I ylase ]\.( dAce%: Vﬁt 'REPLACEIVENT
SHEET Ketalase .

This polymer contains no pyruvate and as a result is
extensively acetylated at the outer mannose residue. The
inner mannose resigue is highly _acet:yl'ated as in wild type.

(c) G (X1398); Acetylase T, Acetylase II1~,
Ketala.se"'.
This polymer is heavily acetylated on the inner

mannose as in wild type, and the outer mannose is pyruvylated
in the wild-type fashion.

aof the outer mannose.

(d) G~, L (X1399); Acetylase o ¢ Acetylase
11, Ketalase .

This polymexr has the -high level wild-type acetylation
of the inner mannose, ‘but the outer mannose is unmodified.

However, thexre is no acetylation

(e) F~ (X1400); Acetylase I”, Acetylase II',
Ketalase .

The inner mannose of this polymér is unmodified,
while the outer mannose is modified as in wild-tjpe. That
is, the outer mannose in generally pyruvylated, but a

- significant fraction of the outer mannogse residues are
acetylated instead.

. (£) F~, L~ (X1401); Acetylase I , Acetylase
* II":, Ketalase .
This polymexr contains an unmodified inner mannose. The
outer mannose is not pyruvylated but is heavily acetylated.
(g) F~, G~ (X1402); Acetylase I, Acetylase
I1°, Ketalase. _
".l'hj.s polymer is not acetylated at either the inner ox
outeﬁ_ mannose residues. Pyruvylation of the outer mannose
occurk noxmally as in wild-type.
(th) F~, G, L™ (X1403); Acetylase I ,
Acetylase II™, Ketalase .
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Bl O RAD HPX-87H col uim. Xant han conponents were quantitated
i nj ection®of.standards of known concentrati on. The H

HPLC using a
by the

hydrol.yzed guns showed that X921 produced xanthan gum w
Strain X1006 produced xanthan gumw th no acetate. Strai

gumthat contained pyruvate at a |l evel of2¢-5%that of
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t hat

enpl oyed to construct nmutants of X. canpestris that wll
I's both noTn-acetyI ated and non- ruvyl at ed.

Thi s exanpl e descri bes nmethods and strategi ¢sjthat could be

toee—xXant iian

s polymer contains ngyace ate or pyruvates
inner nor the outer mannose residues are modified.
EXAMPLE 5

This example describes the construction of a chromosomal
deletion mutation defective in both acetylase genes gumfF and

The variant xanthans described in Example 4 are produced
by mutant strains of X. campestxris in which the gum gene
cluster has been deleted from the chromosome and is present
in the cell-on a recombinant plasmid. In some instances it
might be desirable to have the gum gene cluster located in
the X. campestris-chromosome as this would eliminate the need
for plasmid maintenance, and thus should improve strain
stability. A chromosomal deletion mutation defectivé, in
genes gumF and gumG, which encode Acetylase I and II,
respectively, was constructed as described below.
mutant produces non-acetylated xanthan gum.

Figure 7a shows a map of a 4.3 Kb BglII fragment of the
gum gene cluster that contains the gumF and gqumG genes. This
BglII fragment is cloned into the BglII site of the plasmid
vector pSl to generate a recombinant plasmid termed pS1Bgl.
The pSl1l vector is a derivative of PRK290 in which the origin
of vegetative, but not conjtigal, DNA replication is replaced
by the replication origin of pBR322. The pSl replication
origin does not function in X, campestris. Therefore, pSi
and: its derivatives, such as pS1Bgl are "suicide" plasmids,
i.e., they can be conjugally transferred into X. campestris
but cannot replicate in X. campestris. '

The three Clal sites shown in Figure 7a were used in
construction of the deletion mutation. Deletion of the Clal
fragment internal to the gumF gene was accomplished as-
described in Example 1 (by digesting pS1Bgl with ClaIl and
religating at low DNA concentration) to produce pSlBglaCla
sho ; in Figure 2b. In those experiments digestion at the
‘third Clal site within gene gumG was not observed, although

the DNA sequence at this site is the Clal recognition site,
ATCGAT.

This




Mut ant strains of X canpestris |acking Ketal ase (X921) or Acetyl ase
(X1006) activity have-been described. One could use mcr biHigpL
reconbi nant, DNA net hods as described by Vanderslice et al.

al. to irntroduce a Ketal ase defect and an Acetyl ase def ect
straintof X. canpestris. This double-nutant strain would ud# SERt 1996
gum that was both non-acetyl ated and non-gyruvyl at ed. hods for

produci ng insertion nutations into cl ofied glim gene DNA carried on plasm 0
vectors have been described by Capage et al. One coul d eniisi |

plasmd carrying the insertion nutation that gave rise to nutant

into a single

strain
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methylates the A residue of this tetranucleotide sequence.
The Clal recognition site in gene qumG is preceded by a G
residue. Thus, in that sequence, GATCGAT, the underlined A
is methylated because it occurs within the GATC
tetranucleotide sequence; and therefore, the Clal site ‘is
refractory to Clal digestion. .

In order to digest the Clal site within gene gumG, it was
necessary to produce unmethylated DNA by propagating
pS1BgiaCla in an E. coli dam strain which is defective for
the relevant methylase activity. When unmethylated -
pSfBglACla DNA was prepared, digestion at the gene gumG Clal
was readily observed. Using this plasmid DNA as a substrate,
the second Clal fragment was deleted by digesting pSlBglaCla
with ClaI and religating at low DNA concentration to produce

. pS1BglaCla2 which is shown in Figure 7c. The resultant
deletion of both Clal fragments creates an in-frame fusion of
the proximal portion of the gumP gene with the distal portion
of the gqumG gene. Therefore, tranécription and translation
through this region, and of distally located genes H through
M (Pigure 1), should proceed normally. *

" \The plasmid pS1BglaCla2 including the deletion mutation
was transferred into the X. campestris chromosome via gene
replacement. This two-step reconbination procedure is
diagrammed in a general fashion in Figure 8. In general, in
the first step, homologous retcombination between the plasmid
and the chromosome results in integration of the whole
plasmid into the chromosome.. This event is selected by
seleci:t:j.on' for maintenance of an antibiotic resistance marker
carrikd within the vector portion of the plasmid. In the

second step, a subsequent recombination results in loss of
the plasmid and retention of the constructed deletion

mutation. This event is detected by the screening for loss
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Ket al ase and Acetyl ase activity. These__30 -

of the antibiotic-resistance determinant and Southern blot
hybridization analysis of chromosomal DNA structure.

In the present example, pSlBglaCla2 was conjugally
transferred into wild type X. campestris strain X77 by
standard triparental matings and tetracycline-resistant
transconjugants were selected. ‘These tetracycliﬂe-resistant
colonies were eithér light or dark yellow in appearance.
was prepared from four of each (light and dark type), )
digested with BamHI (pS1BglaCla2 contains no BamHI sites),
separated by agarose gel elegtrophoresis and Southern blot
hybridization was performed. Probing with labeled gum gene
cluster DNA showed a wild type pattern in DNA from the light
yellow isolates. -The hybridization pattern for DNAs from the
~dark yellow isolates indicated that, in these isolates,

pS1BglaCla2 had recombined.into the chromosome. :

Two of the bonafide pS1BglaCla2 insertion isolates were
then grown in the absence of tetracycline to screen for the
subsequent recombination in the .second step of the gene
replacement- process. In these experiments, liquid cultures
are grown to- saturation in the -absence of tetracycline,
diluted 1:50 in fresh growth me&ium, and again grown to
"gaturation. 1In several experiments of this type, the number
of subculturing steps varied from 2 to’6.

Following the liquid subculturing steps, the cells were
diluted and plated, in the absence of tetracycline, to yield
isolated colonies. These colonies were tested for
tetracyclineresistance. In different experiments,. the
frequency of tetracycline-sensitive colonies varied widely,
from ~.5% to >50%. The frequency of tetracycline-sensitive
isolates increased with the number of generations of growth
(i.e. subculture steps) in the absence of tetracycline:

Individual tetracycline-sensitive isolates were gfown and
theix chromosomal DNAs analyzed by Southern blot
hybrigdization to identify those isolates which contained the
deletion mutation in the chromosome and had lost the plasmid
sequences as a result of homologous recombination. One such
isolate, termed X1910, was characterized for polysaccharide

DNA
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supra, a xanthan-rel ated pol ysacchari de with a. truncated s{d
polytriner, has already been obtained. Th

vivo and in vitro nmethods described herein. LBing t he net hpdS
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xanthan with respect to glucose, mannose, glucuronic acid and
pyruvate; whereas, in contrast, no acetate was detected in
the gum made by X1910. Thus this mutant produces
non-acetylated xanthan having a composition equivalent to
that produced by X1402 (Example 4), but does so as a result
of the chromosomal deletion mutation. No recombinant plasmid
or any foreign DNA is present in this strain.

The general approach and strategy described above could
readily be applied to create analogous chromosomal deletion
mutants that would produce any of the variant xanthans
described in this application-or in Vanderslice -and Shannon
U.S. Patent No. 4,713,449.

EXAMPLE 6

This example shows the methods of mutagenesis and
screening employed to generate X. campestris mutant strains
having defects in Acetylase or Ketalase activity.

‘The genes encoding the enzymes of xanthan gum biosynthesis
have been shown to comprise a set of clustered genes on the
X. campestris chromosome. This "gum gene cluster" has been
described in detail by Capage et _al. Segments of gum gene
. DNA have been cloned on plasmid vectors such as pMW79 as‘
detailed in Capage et al.

Regionally-directed mutagenesis was performed upon
subcloned portions of the gum DNA carried in plasmid pMwW79.
These cloned DNA segments were mutagenized in wvivo with
transposons and in vitxo, by using recombinant DNA technology
to generate insertion, deletion, and substitution mutations
within the cloned X. campestris DNA. In order to study the
'phen4£ypes conferred by these mitations, the plasmids
car:yﬁng the mutations were transferred back into X.
campestris and subsequently recombinants were identified in
which the plasmid-borne, mutated gene had been inserted in
the chromosome via homologous recombination. The




Exanpl es 6 and 10 and generally known to those versed in the
carried-out to generate nmutant strai'ns which produce nonacety

pol yt et r aner.. EXAMPLE 11 This e rﬂﬂREACEMENT SHEET
di scusses cloning the acetyl ase gene and the ketalase gene onto VBLLU1o +6

ensure that the polysaccharides described herein are fully adetly

fully pyruvyl ated, or both. The X 39agpestris strains %1 06 gngE&Qmé
have mutations in the genes for acetylase and ketal ase, respdctively _as

described in Exanples 6 and 7. These mutants were created engl oyi ng the
met hods descri bed in Exanp

is possible for one skil et Trrthe—art
to enpl oy nﬁ?ﬁﬁdqu&bﬁlmﬁiﬁﬁﬁn%tﬁlmd%t by TnlQupffords aceenvenientve

DNA restri caemacti{ragmtém CORM: andWreigerith A AaRitnltadasOErolich abaasmognes.

That is, pl fasm a@%b striction fragnents containing the Acetylase
or Ketal ase genes Pnterru a dru l& resi st ance

One such mu ant s rain 006) carried a Tnl0 insertion
that was found to cause inactivation of the Acetylase
activity.. This mutant strain was characterized as described
in ExampleS 7 and 8, and found to produce a polysaccharide
that was non-acetylated. A second mutant strain was
constructed by the in vitro insertion of a fragment of DNA
containing the tetracycline resistance gene of Tnl0 into a
restriction site within the gum gene cluster. This mutant
strain (X921) was found to be defective in the Ketalase .
activity. As found by the methods of Examples 7 and 8, this
mutant produced xanthan that was non-pyruvylated.

A third mutant strain (X934) was also found that greatly
reduces the ketalase activity. This mutant strain produces
xanthan guh that has a very low level of pyruvylation: 1-5%
of the level of pyruvylation found in normal xanthan.

The mutant strain X934 was found as described below. 1In
preliminary experiments designed to study recombination
between plasmid-borne X. campestris DNA and the X. campestris
Pstl fragment cloned in plasmid RSF1010. This insertion of
Tn10 causes the Gum- defect in the mutant strain X655 as
described by Capage et al. and Vanderslice et al. The
experiment was to mobilize PTX655 with plasmid pRK2013 an&
i:ratxsfer it fxom E. coli into X. campestris by selecting fox
transfer of the tetracycline resistance encoded by Tni0. The
initial results of this mating were anomalous and suggested
that Tnl0 did not express tetracycline resistance efficiently
in X. campestris when carried on the plasmid, but that the
drug resistance was more efficiently expressed when Tnl0 was
carried in the chromosome of X. campestris. This phenomenon
has hlso been described for Tnl0 in E. coli. There, it has
been fhown that strains carrying one copy of Tnl0 inserted in
the chromosome are resistant to significantly higher

concentrations of tetracycline than are strains carrying Tnlo0
on a multicopy plasmid.

art, can be

The selection of Tetr‘gé campestris
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been.cloned onto the plasm d pRK290- H336, ATCC Accessi on
descri bed by Capage et al.

is a sinple matter for those skilled in gie_art to subclone
and Ket al ase genes thensel ves fromthese plasm ds. The [na
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, supra, and other plasm ds des ri g£€ ein,
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sequences obtai ned by either nethod can

out of the above mating resulted in a high frequency (0.5 per
recipient) of progeny which grew very poorly (i.e., only
small, watery colonies) on tetracycline. After prolonged
incubation, a large fraction of the colonies (25%) produced
sectoxrs of more vigorously growing cells. More than 50% of
these sectors appeared to be Gum- in morphology.. These
probably result from recombination between the plasmid-borne
DNA containing the Tnl0 insertion and the chromosomal wild
type DNA. When the Tnl0 is recombined into the chromosomal,
high-level Tet” is obtained and the vigorously growing sector
is observed. When these Gum-, Tet . sectors were picked and
restreaked on tetracycline, they grew well and displayed a
characteristic Gum-~ morphology. )

Gum+, Tet®™ isolates were also characterized. Some of
these strains (in particular X934) were found to contain the
entire plasmid pTX655 inserted into the chromosome of X.

campestris via homologous recombination. The chromosomal

structure of the X934 strain was determined by Southern blot
hybridization of the chromosomal DNA which shows that the
blasmid sequences exist in a chromosomally integrated form.
'EXAMPLE 7

This example shows how the altered polysaccharides of the
present invention can be prepared in wvitro. For instance, it
shows how non-acetylated and/or non-pyruvylated xanthan gum
was prepared in vitro.

‘Breparation of ILysates

Xanthomonas campestris B1459 S4-L or S4-L mutants
described in Examples 6 and 10 wexre grown in YM (yeast-malt
medium) supplemented with 2% (w/v) glucose as described by
Jeanes, A. et al. in U.S. Department of Agriculture, ARS-NC-
51, pp. 14 (1976), specifically incorporated hexeby. by
reference. Cultures were grown to late log phase at 30°C.
The c_él].s were harvested by centrifugation and washed with
cold PTris-HC1l, 70mM, pH 8.2 with 10mM EDTA and were freeze-
thawed three times by a procedure similar to Garcia, R.C. et
al. described in European Journal of Biochemistry 43:93-105
- (1974), specifically incorporated hereby by reference.

This




then be-inserted onto plasm ds capable of replication in X canpestris, for

I nstance pMAM9, using the nethods revealed in Betlach et al:} I ' '
the Acetyl'ase and/ or Ketal ase gene can be controlled by nod fﬁg}é@?@gﬁﬁ SQEET
exi sting, DNA sequence or inserting regul atabl e pronoters upsfirgamfromthe
gene. ‘Such techniques are well known to those versed in nol eful arl 4S8R 96
and genetics. Simlarly, the plasmds ontg,which the genes afe}inserted can
be hi gh copy nunber plasmds. As reveal ed”in Capage et al., {he xanthan

bi osynthetic enzynes are present in |ow amounts in X canpestris.lnsertion

of the plasm ds descri bed above into X canyestris, and growth of cultures
under appr opprateduvedripioned dheexeldssi an was t érelgemeed bypathe genes,

will result iRcPYAbE®SYEedisiBif bRt 8hsPURbEsSs nd NendSinpBstG angd/or

Ket al ase enz fg‘es i?anithg the(eo xa&tﬁgr&sbl ogxgt hetgc ﬁ:z‘?z?/rres.

O/er'expressié gplingiak %’%\S $h calfBEVIRR %A pdM/Zaccharide to

be fully acetyeatwsent;. cThe gfr¥edza-dthasdedmiyaates reereubsozmetin &Xiduots

Simlarly, Oxeregpressi proéin NorntintirattonRab daéeshi ke W 810

pol ysaccharide to ruvyl ated o °t e . sted BIO RAD
assay ?ﬁIBW r&ltories, Ricgmond, California) and was

found to be 5 to 7 mg cell protein per ml of lysate.
Biosynthetic Assay Procedure

' As described by Ielpi, L. Couso, R.0., and Dankert, M.A.
in FEBS Letters 130:253-256 (1981), .specifically incorporated
herein by reference, an aliquot of freeze-thawed lysate
(equivalent to 300 to 400 ug proteixi), DNAase I (10 ug/ml),
and Mg‘(:l2 (8 mM) were preincubated at 20°C for twenty
minutes:. An equal volume of 70 mM Tris-HCl, pH 8.2, with the
desired radiolabled sugar nucleotides (UDP-glucose,
GDP-mannose- and UDP-glucuronic acid) were added and incubated
at 20°C. Radiolabeled phosphoenol pyruvate and acetyl
coenzyme A w,ere:-aiided when desired as described in Ielpi et
al., supra, and Ielpi, L. Couso, R.O., and Dankert, M.A.
Biochem. Biophys. Res. Comm. 102:1400-1408 (1981) and Ielpi,
L., Couso, R.O., and Dan Kert, M.A., Biochem. Intern.
£3:323-333 (1983), both of which are specifically incorporated
herein by reference. At various times, the reactions were
stopped by dilution with 4°C buffer. The samples were
centrifuged and the pellets were washed two times with '
buffer. The supernatants were combined, carrier xanthan (100
ug) was added, and the xanthan plus synthesized polymer was
precipitated with ethanol (60%)-KC1(0.8%). The precipitated
polymer was resuspended in water and réprecipitated two more
times to remove unincorporated label. Radioactivity
incoxrporated into the precipitate (termed the gum fraction)
was determined in a liquid scintillation counter and the data
werejprocessed to obtain incorporation in terms
of tl}e radiplabeled components.

Cell lysates of X1006 did not incorporate carbon-14

acetate from [14C] acetyl CoA into the gum fraction of the in
vitro system. Cell lysates of S4-L did produce in vitro gum

of picomoles




term nal nannose. . It should be evident to one skilled in the art that

full acetylation-and full pyruvylation of xanthan can be achieved by the
met hods descri bed above. Furthernore, full acetylation of pol

[YRER
and ful]. acetylation of " polytrinmer (described in Vanderslice a“ﬁ#ﬁmm SHEET
supra) tan -be achi eved enpl oying the nethods descri bed hereip.
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radiolabeled with [ C] acetate. Similarly, cell lysates of

X921 did not incorporate [ C} pyruvate into the gum fractj.on

while S4-L cell 1ysates did incorporate radiolabeled pyruvate
from phosphoenol [

C] pyruvate into the gum fraction of the
in yitro system.

Thus, X1006 was identified as a mutant
strain with a defect in the gene "for Acetylase and X921 as a
mutant strain with a defect in the gene for Ketalase.
Lysates of these strains produced non-acetylated xanthan and
.non-pyruvylated xanthan, respectively, in vitro.

It has also been shown that, by withholding substrates, X.
campestris B1459 S4-L lysates produce altered polysaccharides
in yitro. For example, cell lysates of S4-L did produce non-
acetylated, non-pyruvylated xanthan gum g\_ vitro when the
endogenous acetyl-CoA and phosphoenolpyruvate-were depleted.

A mutation in the gené for Transferase V would result in
the production of polytetramer. This phenotype would be
demonstrated by the. in witro method described above. The gum
fraction would reveal a polysaccharide composed of glucose,
mannose and glucuronic acid in molar ratios of 2:13:1. The
tetrameric intermediate hydrolyzed from the lipid carrier

would also be detected by its mobi.lity on TLC and its molar
ratio of sugars.

EXAMPLE
This example demonstrates the use of the Acetylase-~
deficient strain, X1006, to produced non-acetylated gum _&
vivo. This example also demonstrates the in vivo production
of ‘the non-pyruvylated gum from the Ketalase-minus strain,

X921, and xanthan gum with a reduced level of pyruvylation
from the strain X934.

The three mutant strains described above and S4-L were
grown overnight in broth with two percent glucose at 30°C.
The gum was harvested by removing cells by centrifugation,
precipitating the gum from the supernatant by addition of 2-
propaﬁol or ethanol with 0.5 to 1% potassium chloride.
gqum precipitate was recovered by centrifugation and

resuspended. The procedure was repeated. The resuspended
gum was dialysed against water. A sample of each

The




EXAMPLE 12  This exanpl e denonstrates the economic and t ?CRF@LQ@EMEN SHEET
advant ages of a non-pyruvyl ated pol ysaccharide produced by}a '

nodi fi ed "Xant hononas canpestris for viscosifying water at hi
t enpey at ur es. Xanthan gum a natural product of Xanthonpn s%rﬁ%m
is an effective viscosifier of water for use in, for exanple] _enhanced

recovery of petroleum These viscosity apjficat i ons frequehtly necessitate
xant han. gumto be applied at high tenperature and in sali he—b+ines

Xant han guns are effective Vi scosifiers even at high terrperature (for
Feduced ovemivsEcshastdrevap, %%92 %@Q&a‘hﬁ%@{gﬁ?@%@m g 1Y
The i nvent ors BIQ KA §@&r87HJ calneh- anﬂa?\ PPOSBERaFPE® produced by a
geneti cal | y gigditiitadtedt w rhef iXgethoonnes smmu bf( khowhn X921) t hat
produced a VeSS a3 ion high tenperature equal to that of wild-type

 The HPLC analysis of the hydrolyzed gums showed that X921
produced xanthan gum without pyri:vate. Strain X1006 produced
xanthan gum with no acetate. Strain X934 produced a gum that
contained pyruvate at a level of 1-5% that of S4-L gum.

. EXAMPLE .

This example describes methods and strategies that ‘could

be employed to construct mutants of X, campestris that will
produce xanthan that is both non-acetylated and non-
pyruvylated '

Mutant strains of X. campestris lacking Ketalase (X921) or
Acetylase (X1006) activity have been described. One could
use microbial genetics and recombinant DNA methods as
described by Vanderslice et al. and Capage et al. to
introduce a Ketalase defect and an Acetylase defect into a
single strain of X. campestris. This double-mutant strain

. would produce xanthan gum that was both non-acetylated and
non-pyruvylated.

Methods for producing i.nsertion mutations into cloned gum
gene DNA carried on plasmid vectors have been described by
Capage et al. One could envision using a plasmid carrying
the insertion mutation that gave rise to mutant strain X921
‘as ‘a substrate for a second round of mutagenesis in vivo or
in vitro. This second round of mutagenesis could employ any
of a number of transposable elements that would readily occur
to one skilled in the art or any of an equally obvious number
of DNA restriction fragments containing selectable markers.
A set of plasmids carrying two insertions mutations could be

- used in the gene replacement technique of Capage et al. to
transfer the plasmid-borne mutations into the chromosome of
X. 5 stris. Phenotypes of the resultant strains can be
analfzed by the in vivo and in vitro techniques described by
Vandersiice et al. and Capage et al., supra, in Example 7.
These analyses will reveal doubly mutant strains that are




xant han gum produced fromthe S4-L parent

strain (strain X237). This
xant han gum has t he nor nal

pentaneric xanthan structure byt wﬁs Q-Hfﬁie
genetic.nodification, contains no pyruvate nmoiety on the fe Im“m&
Thi s noyvel pol ysaccharl de has |l ow viscosity at fernentati tenperature

near 30[err] C which will result in substantial cost savinds \anQMDSE)Beﬁ%n

conveni ences. The cost to produce pyruwyBated xanthan gumii 9] hi gh primariljy
because the polyner's high viscosity requires great energy impat—1or

agi t.ation, aerat i on and cool i ng. Fi gure 9 shows a viscosity conparisaon

of the novel n- ryvyl at an gum t X tha
produced by %ﬂ%t&%gﬁﬁ aPRe3RA gc?ﬂ\g%aﬁﬁngg {ﬂﬁg Ki’gthf%%om ty
at | ow t enpioukile enihant sEoainso siidyl @mduagesanupaul vhatt fisi ncr easi ng

t enper at T G5 gk MU %xﬁlﬁ‘i&lﬁht@a hha AbhchcBepiatbas Iowver
viscosity a

terrperature but I scosity at hi gh tenperature
essentially eqw valent to the wl d- n gum The viscosities

reported in FiThis exanpke dasanikes:precedyxes to obtain a X.
campestris mutant which produces polytetramer.

As describe above and in Vanderslice et al., supra, a
xanthan-related polysaccharide with a truncated side chain,
polytrimer, has already been obtained. This mutant was
characterized by in vivo and in vitro methods described
herein. Using the methods described herein and -in the
referenced patent appl’i.cations , one versed in the art can
create mutant strains of X. cam' stris which make
polytetramer gum described above.

Identification of these mutant strains can be achieved
using in vitro methods or by analysis of the polysaccharides
produced in vivo, as described herein and.in Capage et al.,
supra.

Once the polytetramer producing mutant has been obtained,
additional mutational steps, such as those described in
Examples 6 and 10 and generally known to those versed in the
art, can be carried out to generate mutant strains which
produce nonacetylated polytetramer.

EXAMPLE 11

This example discusses cloning the acetylase gene and' the
‘ketalase gene onto vectors to ensure that the polysaccharides
described herein are fully acetylated, fully pyruvylated, or
both. '

The X. campestris-strains X1006 and X921 have mutations in
‘the genes for acetylase and ketalase, respectively, as
described in Examples 6 and 7. These mutants were created
employing the methods described in Example 6. It is possible
for- oixe gkilled in the art to employ methods described in
Betlath et al., supra, to recover nati.ve DNA restriction
fragments containing the Acetylase o:c Ketalase genes. That
is, plasmids with DNA restriction fragments containing the
Acetylase or Ketalase genes interrupted by a drug resistance
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marker can be used to probe lambda -genomic libraries to
obtain native DNA sequences for the Acetylase or Ketalase
gene. In another embodiment, the genes for the acetylase and
ketalase enzymes have already been cloned onto the plasmid
PRK290-H336, ATCC Accession No. 67049 as described by Capage

et al., supra, and other plasdes described therein

It is a

simple matter for those skilled in the art to subclone the
Acetylase and Ketalase genes themselves from these plasmids.
The native DNA sequences obtained by either method can
" then be-inserted onto plasmids capable of replication in X. -
* campestris, for instance pMW79, using the methods revealed in
Betlach et al. Expression of the Acetylase and/or Ketalase

gene -can. be controlled by modifying the existing DNA sequence
or inserting regulatable promoters upstream from the gene.

- Such techniques are well known to those versed in molecular
biology and genetics. Similarly, the plasmids onto which the

genes are inserted can be high ‘copy number plasmids.

revealed in Capage et al., the xanthan biosynthetic

‘As
enzymes

are present in low amounts in X. campestris. Insertion of

the plasmids described above into X. campestris, and growth

of cultures under appropriate conditions for expression of
the plasmid-borne genes, will result in synthesis of much
greater numbers of the Acetylase and/or Ketalase enzymes than

the other xanthan biosynthetic enzymes.

Overexpression of

the Acetylase should cause the xanthan polysaccharide to ‘be

fnlly acetylated,
. acetylated.

i.e., all internal mannose residues
Similarly, overexpression of the Ketalase should

cause xanthan polysaccharide to be fully pyruvylated on the

. terminal mannose.

It should be evident to one skilled in the art that full

acetylation and full pyruvylation of xanthan can be
by the methods described above. Furthermore, full

achieved

acetylation of polytetramer, and full acetylation of

poly%rimer (described in Vanderslice et al., supra)
achieved employing the methods descxribed herein.

can be




Xant hononas canpestris for use as a viscosifying agent for aqueous
sol uti ons. Figure 10 conpares the viscosities of chem cally deacetyl ated

comer ci al’ %anthan and its parent conpound with those of a nof- @ﬁﬂﬂCkﬁtﬂﬁ SHEEF
xant han .pol ysacchari de nmade froma genetically mani pul ated Xamt

canpestris (strain X1006) and of the xanthan gumnade fromth 11 d-type X
canpestris parent (strain X237). The viscosities were obtaine t he 1996
rate of 8 s[err] for 1000 ppm pol ymer concentration in 50, 000}ppm Nacl

brine. Viscosities were neasured over th89tenperature range off 25[err]. to
about 80[err]C. Figure 10 denonstrates that chem cal deace ti.on. of

xanthan results in a loss of yiscosifying power over the entire tenperature

range. However, elimnation of acetykgiybpPR Py genetic neans results in

substantially increased_viscosity C ' the wild-type xant han gum

Thus, non-ace??ﬁ&tSH‘%@AFhQﬁmQBﬁ¥§F58gcEBeb9canﬂﬂﬁ%wﬂn%t?%ﬁhp¥ﬁa§(

canpest ri sativantagepr ofed nohypgeakglatedcpobgsadcharide proddesd ikped f and

conpar ed t8eﬂ§@§5§ix&ahsgifiahhﬁgngﬂghonas campestris for viscosifying
water at high temperatures. _

Xanthan gum, a natural product of .Xanthomonas cam estris,
is an effective viscosifier of water for use in, for example,
enhanced recovery of petroleum. These viscosity applications
frequently necessitate xanthan gum to be applied at high
temperature and in saline brines. Xanthan gums are effective
viscosifiers even at high temperature (for example, 75°C to
100°C), although their viscosity is substantially reduced
over that at lower temperature (for. example, 25° to 60°C).

The inventors have discovered a new and novel
polysaccharide produced by a genetically modified strain of
Xanthomonas campestris (strain X921) that produced a
viscosity at high temperature equal to that of wild-type
xanthan gum produced from the 5475 parent- strain (strain
X237). This xanthan gum has the normal pentameric xanthan

. structure but, because of the genetic modification, contains
no pyruvate moiety on the terminal mannose. This novel
polysaccharide has low viscosity at fermentation temperature
near 30°C which will result in substantial cost savings and
processing conveniences. The cost to produce pyruvylated
ganthan gum is high primarily because the polymer’s high '

viscosity requires great energy input.for agitation, aeration
and cooling. . ’

Figure 9 shows a viscosity comparison of the novel non-
pyruvylated xanthan gum to a wild-type xanthan gum produced
by the unmodified parent. The wild-type gum shows high
viscosity at low temperature but the viscosity decreases
rapidly with increasing temperature. The non~pyruvylated
gum, on the other hand, has lower viscosity at low
tempe' ture, but retains a viscosity at high temperature
essentially equivalent to the wild-type xanthan gum. The
viscosities reported in Figure 9 were recorded at a shear




produced by chem cal nethods. EXAMPLE 14 . Thi s

exanpl e descrl bes the nethods used,to construct a doubl e nutant strain of
X. canpestrFs that produces non- acetyl at ed,

non-pyruvyl ated gap
Capage et al. have described the cloning of a gene cluster frJ@%mENT SHEET

canpestris that contains genes that direct the biosynthesis o[(ant han

gum They al so described the isolation.aofg chronosomal deletio MGSER)HB%
in X. canpestris that elimnate all or varying portions of §his_gene

cluster. One such deletion nutant, strain X1231 | acks all of the X

canpestris DNA t hat |s-arr|ed onthe eco ant | asm d
REgEACENENTI§ﬁ§E % ¢ in a concentric cy i vRscometer on
solutions of 1000 ppm active polymer solids in 5000 ppm NaC}
brine.
EXAMPLE 13

This example demonstrates the advantages of a-
non-acetylated xanthan produced by a genetioally modified
Xanthomonas campestris
for use as a viscosifying agent for aqueous solutions.

Figure 10 compares the viscosities of chanically
deacetylated commercial xanthan and its parent compound with
those of a non-acetylated -xanthan poly.gaccharide made from a
genetically manipulated Xanthomonas cmﬁmstris (strain X1006)
and of the xanthan gum-made fxrom the wild-type X. campestris
parent (strain X237). The viscosities were obtained at a
shear rate of 8 s";' for 1000 ppm polymer concentration in
50,000 ppm NaCl brine. Viscosities were measured over the

' temperature range of 25° to about 80°C, _

Figure 10 demonstrates that chemical deacetylation of
xanthan results in a loss of yiscosifying power over the
entire- temperature range. However, elimination of
acetylation by genetic means results in substantially
increased viscosity compared to the wild-type xanthan gum. .
Thus, non-acetylated xanthan gum produced by a mutant strain
of X. campestris is an improved polysaccharide compared to

_the xanthan itself and compared to deactetylated xanthan‘gum
produced by chemical methods.

. EXAMPLE 14

This example describes the methods used to construct a
double mutant strain of X. mstris that produces non- -
acetylated, non-pyruvylated xanthan.

Capage et al. have described the cloning of a gene ‘cluster
from X. campestris that contains genes that direct the
bios"ynthesis of xanthan gum. They also described the
i.so]}ation of chromosomal deletion mutations in X. campestris
that eliminate all or varying portions of this gene cluster.
One. such deletion mutant, strain X1231, lacks all of the X.
campestris DNA that is carried on the recombinant plasmid




=}

- 41 - pRK290- H336. Thus, strain X1231 does not_ synthesi ze xant han. Wen
pRK290-H336 is transferred into strain X1231, the ability tp trestz
xanthan 4 syrestored. Capage et al. also described nethods o ﬁépd-lAQfMBNTaﬁMET
charact'eri zing insertion nutations of transporon TnK12 wi thfn{fthe .cloned
gum gehe DNA carried on pRK290-8336. Two such mutant plasm fisfa 191]
pRK290- H336. 22 and pRK290- H336.41. The gpproxi mate | ocationg pf t eEFnWQ
inserts on each of these plasmids is shown in Figure 11. Wg
pRK290- H336.22 is transferred into X1231, the resultant strpin produces
non- acetyl ated xant han. When pRK290-H336.41 is transferred 1nto XIZ3T, Ton-
pyruvyl at pRRR90+H3A6 + s Bhuducstraimelb23hrioeaset synthasizemxanden .used
to constryfpbn BRKUESOLA36 LB vihhsfeceeabifvs i Htrain doudie, eHeant plasm d
t hat di reci)i §¥,”tQSS ;n
1ity thesize xanthan is restored. Capage et al

also described methods of isolation and characterizing

insertion mutations of transporon TnKl2 within the cloned gum

gene DNA carried on pRK290-8336. Two such mutant plasmids

are pRK290-H336.22 and pRK290-H336:41. The approximate

locations of the TnK1l2 insexrts on each of these plasmids is

shown in Figure 11. When pRK290-H336.22 is transferred into

X1231, the resultant strain produces non-acetylated xanthan.

‘When pr290-3336 41 is transferred into X1231, non-

pyruvylated xanthan is produced These two plasmid mutants

have been used to construct, by medns on in wvitro

recombination, a double mutant plasmid that directs synthesis

.of non-acetylated, non-pyruvylated-'xanthan when carried in

the deletion strain X1231.

The in vitro strategy for generating a non-acetylated,
non~-pyruvylated double mutant plasmid.is ias follows. A
kanamycin-senéitive (Kans) derivative of pRK290-H336.41 was

. generated by doing a partial HindIII digestion of the
plasmid, ligating the digestion products at very low DNA
concentrations (to promote intramolecular ligation), and then
screening tetracycline-resistant (Tetr) transformants for
kanamycin sensitivity. Plasmid DNAs were then prepared from
'L'etr, Kan® isolates and analyzed by restriction endonuclease
Eiigest:lon and agarose gel electrophoresis. There are only

three HindIII sites in pRK290-H336.41, and two of these occur
within TnKl12 and bracket the Kan gene. Thus, a high

proportion of the deletions generated in the partial
digestion were deleted for the Kan gene whereas the rest of
the plasmid was retained intact. The Kan® plasmid still
carries an insertion (1 kb) in the ketalase gene and thus was
expect;ed to yield non-pyruvylated gum. This plasmid is
termed[ P41KS. The next step was to clone the large Spel
_fragment of the non-acetylated mutant plasmid pRK290-H336.22
into p41KS. As shown in Figure 11, each plasmid contains
three Spel sites at positions 758, 771, and 11,716 within the




of non-acetyl ated, non-pyruvylated xanthan when carried in the-deletion

strain X1231. The in vitro strat egy for generati ng a non- cREPzAgg
non- pyruvyl ated double nutant plasnidis as follows. A kana - an"fW. \SlﬁEET

(Kan[err]) derivative of. pRK290- H336. 41 was generat ed by doijn partl.al
Hindl Il digestion of the plasmid, ligating the digestion prqgd ctg adER 996

| ow DNA concentrations (to pronote intram® ecular |igation), f.hen
screening tetracycline-resistant (Tet[err]) transformants fo kanamycin
sensitivity. Pl asmd DNAs were then prepared.from Tet[err], “anfersd

i sol ates and zed b

gol ol ectropH gue?ﬁérggs@ctloer%e dongﬁﬁeﬁéeﬂ %ggatg&og and a%ar ose

pRK290- H336. ¢§rréR§ the mlhe%@%ﬁnn ofi tHRK29PKB36aRa. br&bbesmahe Kas
gene. Thus, 1 E&Q@ﬁéﬁtomé)é émfiﬁfwmanganemeeeha {Hec paiy al
di gestion wern% e§ ?tn%?. éo ene whereas.t he restgnthe asmd
was -r et ai ned FRCAC il éﬁﬁ%&%ﬁa YR AR, kapthan; profdncgiop;
kb) in the k&hasasdedesionne s \@mall §pet aeameny éndthenppecesyl afed
gum Thi s pl ape double mutant construction ought not to affect xanthan
.- biosynthesis. Plasmids p41KS and pRK290-H336.22 were
. purified and digested to completion with SpeX and a ligation
was performed. In this ligation, p4l1KS/Spel was ligated in
10x molar excess with H336.22/SpeI. Thus, when recombinants
containing the Kan® Spel fragment of H336.22 were selected,
they should most often be associated with the Spel vector
fragment of p41KS. We performed transformations with these
ligations and obtained Kan® transformants. The plasmids
carried by these transformants wexre analyzed to identify the
recombinants of interest. The desired recombinant plasmid
was readily identified among the Kan® transformants. This
recombinant plasmid, termed p41KS22, contains the
p4l1KS-derived insertion in the ketalase gene and the H336.22-
. derived ThK12 insertion within the acetylase gene.
Appropriate restriction digestion analysis confirmed the
presence of both insertion mutations and, furthermore, showed
that the Spel fragment containing the TnKl2 mutation had been
inserted in the correct oxientation.
Plasmid p41KS22 was subsequently transferred:into a series
of X. campestris strains via conjugation. The large Gum™
.deletion strain X1231 was among the recipients. This
deletion lacks all of the gum gene DNA carried on P41KS22;
therefore, X1231 carrying p411€822 should produce

non-acetylated; non-pyruvylated xanthan. The f:la.smi_d
transferred efficiently into X1231, and the resultant -

phenotype was clearly mucoid but significantlf léss so than a
wild-type control. Polysaccharide produced by X1231 carxying
ol 1K§22 was prepared and analyzed. This polymer contained
glucose, mannose, and glucuronic acid but no detectable



termed p4l1KS. The next step was to clone the | arge Spel

non- acetyl at ed nutant plasm d pRK290-H336.22 into p41KS. As shown in
Figure 11, .each plasm d contains three Spel

sites at positi| ;
and 11,716 within the "REPLACEMEAT SHEET

sequence of Capage et al. The 10.9 kb Stel fragnent carries {h

fragment of the

5 ThK12
insertion of pRK290-H336.22. The small {13 14 SEP 1996
acetate or pyruvate, demonstrating that X1231 (p41KSZZ} does
produce the expected non-acetylated, non-pyruvylated gum,
' EXAMPLE 15 |

This example describes the construction and properties of
a double mutant plasmid that combines an Acetylase mutation
and a Transferase IV mutation.

Capage et al. described methods for isolating and
characterizing transposon TnKl12 insertions within the cloned
gum gene DNA carried by plasmid pRK290-H336. ' One mutant
plasmid carrying such an insertion is pRK290-H336.6. The
approximate location of the TnK12 insertion in this plasmid
is shown in Figure 1l. When present in the deletion strain
X1231, this plasmid directs the synthesis of polytrimer gum
as a result of the insertional inactivation of Transderase
IV. Using procedures analogous to those ‘described in Example
14, a double mutant plasmid was constructed that combines
this Transferase IV defect with the Acetylase mutation
carried in pRK290-H336.22. A kanamycin-sensitive derivative
of pRK290-H336.6 was derived by deletion of the HindIII

. fragment of TnK12. This plasmid, p6KS, is analogous to the
Kan® plasmid 41KS and still retains 1 kb of TnK12 inserted
within the Transferase IV gene. Subséquently, the large
TnKl2-containing Spel fragment of pRK290-H336.22 was ligated
into Spel-digested p6KS plasmid DNA as described in Example 9
and the double mutant plasmid p6KS22 was obtained. This '
plasmid carries insertion mutations in Transferase IV and the
Acetylase. When transferred into deletion strain X1231, it
ought to direct the synthesis on non-acetylated polytrimer.
However, in several independent plasmid transfer experiments,
no transfer of p6KS22 into strain X1231 was detected,

- although the plasmid was successfully transferred at high
frequency into other recipients, including both Gum~ and Gum”
strainfs. This result suggests that the presence of p6KS22 in
stra.in}x1231 is lethal, probably as a direct result of .
production of non-acetylated polytrimer gum. Capage et al.
described three other lethal mutations within the gum gene
cluster and concluded that these lethal mutations cause the



bp) Spel fragnment lires entirely within a tRNA gene which is% SPSTEIA) M I g
for X. canpestris growh and xanthan production. Thus, del et]i Esmﬁ@ SHEE!
smal | Spel” segment in the process of the double nutant constjrycti on ought
not to-affect xanthan biosynthesis. Plasm ds p4lKS and pRKZ9(G- H336SEP 986 e
purified and digested to conpletion with Spel and a ligatio s perforned.
In this li-gation, p4lKS/ Spel was |i gat et 4% ~10x nol ar excesq with

H336. 22/ Spel. Thus, when reconbi nants containing the Kan[grr] Spel

fragment of H336.22 were selected, they should nost often be associ ated
\cht h tlh_e Sg_ﬁhcﬁﬁﬁlgfi%it’xa«_gﬁﬁgt&&i@%rﬁ&ii}j&fé G.htnﬁdénk:;rxaﬂsf)iﬂbgﬁgﬁéﬁw._t hd
ese ligations_a ai ped Kanlerr r ansf.Qr, S, S s.carrie
by these tr gﬁﬂ‘ﬂﬁﬁgg"v@ engﬁa?é%éﬁi?%e‘?o%oﬁﬁ%m ecfgggngf’ﬁgﬂ%‘%aﬁiy
interest. The tesicecdfr théfppaiveagrharide gannatodia gecgetens b¥dtheong t he
Kan[err] tragghepsret systhnsthaeonbrially dearitbs banthdnp41KS22, cont ai ns
the p41KS-deri yed_ J.Rse{ll I e, ke € Nod 6 ;. derived
TnK12 inserti o\é%wdéa'ﬁ'ngtéhgggégﬁxf?agé %glr)l%é .?gpr opr :}'21 tet%;%eg?:r%i E I S'n
di gesti on ayasious podificagiong and variations can be made in the
processes and products of the present invention. Thus, it is .
intended that the present invention cover the modifications
and variations of this invention provided they come within

the scope of the appended.claims and their equivalents.



presence of both insertion nutations and, furthernore, showed that the Spel
fragnment containing the TnK12 nutation had been i-nserted in the correct
orientation. - Plasm d p41KS22 was subsequently transferred into a series
of X .canpstris strains via conjugation. 48he |arge Gum deletion strain
X1231 was anmong the recipients. This deletion |acks all of the gum gene
DNA carried on p41KS22; therefore, X1231 carrying p41KS22 shoul d produce
non- acet yl at ed, non-pyruvyl ated xanthan. The plasmd transferred
efficiently into X1231, and the resultant phenotype was clearly nucoid but
significantly less so than a wld-type control. Polysaccharide produced by
X1231 carrying p41KS22 was prepared and anal yzed. This pol ynmer contained
gl ucose, mannose, and glucuronic acid but no detectable

Figure Titles:

Figure 9
'aaviécosity Comparison Wila-Type and Nonpyruvylated Gums
Figure 10
Viscosity Comparison Nonacetylated Versus Deacetylated

.Gums
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-~ 43 - acetate or pyruvate, denonstrating that X1231 (p41KS22) does
produce the expected non-acetyl ated, non-pyruvyl ated gum

EXAMPLE "15- Thi s exanpl e descri bes the construction and pr
doub} e, mut ant p+a3ﬂ1d -that__conbines an Ayt ase nutation a

'V nutation. descri bed nmethods for isolati
characteri zi ng Emu B i nsertions within the cloned gumideSEPCI996
carried by pl aswi '

One mutant plasm d carrying
insertion is pRK290- H336. 6. The approximate | ocation of the {InK12 T nsertion
in this plasmd :

Claims:

1. A water—soluble polysaccharide polymer comprising
repeating pentamer units having a D-glucose:D-mannose:bD-
glucuronic acid ratio of about 2:2:1, wherein the D-glucose
moieties are linked in a beta-[1,4]} configuration, inner D-
mannose moieties are linked in an alpha-[1,3] configuration
primarily to alternate glucose moieties, the D-glucuronic
acid moieties are linked in a beta-~[1,2] configuration to-
said inner mannose moieties, and outer mannose moieties are

linked "to said glucuronic acid moieties in a beta-{1,4)
configuration. :

2. The polysaccharide polymer of claim 1, wherein said -
inner mannose moieties are acetylated.

3. The polysaccharide polymer of claim 2, wherein said
outer mannose moieties are acetylated.

4. The polysaccharide polymer of claim 1, wherein a

portion of said outer mannose moieties are pyruvyiated and
the remainder are acetylated.

S. The polysaccharide polymer of claim 2, wherein
substantially all of said outer mannose moieties are .
pyruvylated. .

~

6. The polysaccharide polymexr of claim 1, wherein said
outer mannose moieties are pyruvylated.

1. The polysaccharide polymer of claim 1, wherein said
outer mannose moities are acetylated.

8y A water-soluble polysaccharide polymer comprising
repe(ted tetramer units having a Déglucose: D-mannose:D-
glucuronic acid ratio of about 2:1:1 wherein (1) the D-
glucose moieties are linked in a beta-[1,4) configuration,
(2) the D-mannose moieties, acetylated or not acetylated at



is shown in Figure 11. Wien present in the deletion strain.X1231, this
plasmd directs the synt hesis of polytrimer gumas a result of the -
insertional, inactivation of Transderase {V. Using procedures anal ogous to

t hose descri bed T Exampte—34—a doubl e #4Btant plasm d was constructed that

conbi ne’s this Tr fect wwth the Acetylase nutation carried in
pRK290- H336. 22. rﬂmﬁm;m}‘ ﬂﬂ I ve derivative of pRK290-H336.6 was
derived by del etion af fragnent of TnK12. This plasm d, p6KS,

I s anal ogous to the Kan[err] pl asmd 41KS and still retains 1 kb of TnK12
inserted within the Transferase |V gene. Subsequently, the |arge

TnK12- cont thei g0 Spesitiomncare ckinked dm |am@lPhanid /3 lg&Pééiﬁmrétion
Spel - di gles peemask ptasmde%es@me hesi étieEcammde (3 )ahet he doubl e
mut ant pl agm T I

mut at i ons § %’%ﬁ érgg\é\gé %Q? es%«r:ued éﬁ%ﬁ ltlu(r?%r#s?ﬁrrechi%nto

del eti on smpiptigRs28¥e H’lbﬁﬁh-‘i-nté Betac 1(?113 Whfrsation toh et yl at ed
pol ytri mer mahiaweecmoietiesver al i ndependent plasmd transfer experinents,
no transfer of p6KS22 into strain X1231 was det ect ed,

9. The polysaccharide polymer of claim 8, wherein the

mannose moieties of the polysaccharide polymer are acetylated
at the 6-0 position. .

<

10. The polysaccharide polymer of claim 8, wherein the

mannose moieties of the polysaccharide polymer are not
acetylated at the 6-0 position:

11. The polysaccharide polymer of claim 8, wherein at
least 90% of the mannose moieties of the polysaccharide
polymer are acetylated at the 6-0 position.

12. A process for preparing the polysaccharide.pglymer of
. claim 1 comprising: .
inoculating a suitable growth medium with a
microorganism of the genus Xanthomonas which is capable of
synthesizing the polysaccharide polymer of claim 1 that is
non-acetylated at the inner mannose and is non-acetylated\ and
x;on-pyxuvylated at the outer mannose, and

“

incubating said inoculated growth medium at a
suitable temperature, pH and dissolvgd oxygen level for a

time sufficient to produce the polysaccharide polymer of
claim 1.

'13. A process for preparing the polysaccharide polymer of
claim. 2 comprisingz
; inoculating a suitable growth medium with a
microdlrganism of the genus xanthomonas which is capable of
synthesizing the polysaccharide polymer of claim 2 that is
acetylated at the inner mannose and is non-acetylated and
non-pyruvylated at the outer mannose, and REPLACEMENT SHEET

14 SEP 1996




* al though the plasm d was successfully transferred at
reci pients, including both Gumand Gumt+ strains.
that the presence of p6KS22 in strain X1231 is | ethal

result. of production of non—acetylated pel 48r+ner gu"m’
described three ot

ot her-

hi gh frequency into
This result suggests
probably as a direct
‘Capage at al

g jons within the gum gene cluster and
concl uded that the u’, ém'f IHmﬁﬂ' ns cause the
- 44- : ‘

incubating said inoculated growth medium at a
suitable temperature, pH and dissolved oxygen level for a

time sufficient to produce the polysaccharide polymer of
claim 2. '

14. A process for preparing the polysacchar_ide polymer of
claim 3 comprising:

inoculating a suitable growth medium with a
microorganism of the genus Xanthomonas which is capable of

_synthesizinq the polysaccharide polymer of claim 3 that is

acetylated at the inner mannose and is acetylated and non-
pyruvylated at the .outer mannose, and

" incubating said inoculated growth medium at a
suitable temperature, pH and dissolved oxygen level for a
time sufficient to produce the polysaccharide polymexr of

_claim 3.

15. A process for preparing the polysaccharide polymer of
claim 4 comprisi.ng-

inoculating a suitable growth medium with a
microorganism of the genus Xanthomonas which is capable of
synthesizing the polysaccharide polymer of claim 4 that is
non~acetylated at the inner.mannose and is acetylated and
pyruvylated at the outer mannose, and

incubating said inoculated growth medium at a

‘suitable- temperature, pH and dissolved oxygen level for a

time sufficient to produce the polysaccharide polymer of
claim 4.

i6'. A process for preparing the polysaccharide polymexr of

claim 5 comprising:

inoculating a suitable growth medium with a .
microorganism of the genus Xanthomonas which is capable of
synt'}\esizi-ng the polysaccharide polymer of claim 5 that is
acetylated at the inner mannose and is pyruvylated but non-
acetylated at the outer mannose, and

REPLACEMENT SHEET
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accunul ation of a toxic intermediate in xanthan biosynthesis. Accumul ation
of non-acetyl ated polytrimer could potentially be toxic if this .
pol ysaccharide cannot be secreted by the.transport systemthat nor.mally

secretes xanthan:—-- -1t..will._be apparert 49 those.skilled in the art that

various’ nodi fi catl variations can be nmade in the processes and
products of the prgaﬂ@)" {""! ﬂl Thus, it is intended that the present
i nventi on cover th nd variations of this invention provi ded

they cone within the scope of the appended clains and their equivalents.

incubating said inoculated growth medium at a
suitable temperature, pH and dissolved oxygen level for a

time sufficient to produce the polysaccharide polymer of
claim 5.

17. A process for preparing the polysaccharide polymer of

claim 6 comprisings

inoculating a suitable growth medium with a
microorganism of the genus Xanthomonas which is capable of
synthesizing the polysaccharide polymer of claim 6 that is
non-acetylated at the inner mannose and is pyruvylated but
non-acetylated at-the outer mannose, and

incubating said inoculated growth medium at a
suitable temperature, pH and dissolved oxygen level for a

time sufficient to 1')::_oduce the polysaccharide polymer of
claim 6.

18. A process for preparing the polysaccharide ‘polymer of
claim 7 comprising:

. inoculating a suitable growth medium with a
microorganism of the genus Xanthomonas which is capable of
synthesizing the polysaccharide polymer of claim 7 that is
non-acetylated at the inner mannose and is acetylated but not -
pyruvylated at the outer mannose, and

incubating said inoculated growth medium at a
suitable temperature, pH and dissolved oxygen level for a

time sufficient to produce the polysaccharide polymer of
claim 7. '

19. A process for preparing the polysaccharj.de polymer of
claim 8 which comprises; .

inoculating a suitable growth medium with a microorganism
of the genus ganthomonas which is capable of synthesizing a
polytqr.ramer gum of claim 8, and

REPLAGCEMENT SHEET
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Claims: 1. A process for preparing a water-soluble, non-acetyl ated
pol ysacchari de polymer with repeating pentamer

units havi ng a
D- gl ucose; D-nmannose; D-glucuronic acid ratio of about 2:2:1, wherein
the D; g ucose WI i-nked-i B0a-bet a-[ 1, 4] conf-i guration,

I nner
D- mannose d in an al pha-[1,3] configuration
primarily to alt lm"w,’ |et|es the D gl ucuronic acid

noi eties are |inked¢inta a-

configuration to said inner
mannose noi eti es, and outer mannose noi eties are linked to said

gl.ucuroni ¢ acigghcubatifiyj EheSInbtudaketiagkdwth nedinguanisuitamai d process

conpri st ng:tem.peraéu%.)e P Ip'if)cu' Ei'i@go@lﬁu' Bﬁgbgngig%fs @'&B&Mcteha
polysaccharide polymer having a D-glucose: D-mannose:D-
glucuronic acid ratio of about 2:1:1.

26 . ‘The process of claim 19 wherein the polysaccharide

polmer is recovered from the growth medium by precipitation
or ultrafiltrati.on.

21. The process of claim 19 wherein the microorganism is
of the species Xanthomonas campestris.

22. The process of claim 19 wvherein the microorganism is
a Transferase V deficient mutant of Xanthomonas campestris.

23. The procesé of claim 19 wherein the microorganism is

a Transferase V and Acetylase deficient mutant of Xanthomonas
campestris. o

. 24. The process of claim 19 wherein the microorganism. is

a Transferase V and acetyl coenzyme A deficient mutant of
Xanthomonas camg_s_tris.

25. The process of claim 19 wherein the mi.croorganism is
a phosphoenolpyruvate deficient mutant of Xanthomonas
cmstris.

* .

26. A process for preparing the polysaccharide polymer of
claim 11 which comprises;

inoculating a suitable growth medium with a microorganism
of the genus Xanthomonas which is capable of synthesizing a
polytetramer gum of claim 11, and

incubating the inoculated growth medium at suitable
tempei:ature , DH and dissovled oxygen levels to produce a
polysicchari.de polymer having a D-glucose: D-mannose:D-

glucuronic acid ratio of about 2:1:1 wherein said polymer is
not acetylated. '
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m croor gani sm of the genus Xant honbnas whi ch

| and |l chronosondl ~del etion mut ati on in the xanthan gene cl uster

and i s capabl e of synt hesi sing said pol ysaccharide polymer that is
non-acetyl-ated at the inner and outer -médnese residues, with the

provi so that said Xant'hononas does not contain any ot her del etion
mutation in the xant han gene cluster that produces-an altered

pol ysacchari de; LHI]]" uluglll”mm ating said inoculated growth nedi um at a
sui tabl e t enper at ved oxygen | evel for a time
sufficient to produce sai‘d fon? acetyl at ed pol ysacchari de pol yner.
2. The process of claim1, wherein said mcroorganismis Xant hononas
canpestris. 27, The process of claim 12, wherein said microorganism

is a Ketalase, Acetylase I, and Acetylase II deficient mutant

of Xanthomonas campestris.

contai ns an Acetyl ase

28, The process of claim 13,'wherein saild microorganism
is a Ketalase and Acetylase II deficient mutant of

Xanthamonas campestris.
29.

The process of claim 14, wherein said microorganism
is a Ketalase deficient mutant of Xanthomonas campestris.

30. The process of cléim.ls, wherein said microorganism
is an Acetylase I deficient mutant of Xanthomonag campestris.

31. The process of claim 16, wherein said microorganism
is an Acetylase II deficient mutant of Xanthomonas
campestris.

32; The process of claim 17, wherein said microorganism

is an Acetylase I and Acetylase 1I deficient mutant of X
campestris.

33. The process of -claim 18, wherein said microorganism
is an Acetylase I and Ketalase deficient mutant of X '
campestris.

4 L

34. The process of claim 26 wherein the microorganism is
an Acetylase'deficient mutant of Xanthomonas campestris.

35. The process of claim 26 wherein the microorganism is
ATCC No. 53473, an Acetylase deficient mutant of Xanthomonas
campegtris, (X1006).

i

36. A process for preparing the polysaccharide polymer of
claim 1 comprising:
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1. A process for preparing-a water-soluble, non-acetylated

pol ysacchari de polynmer with repeating pentaner units havi ng a

D- gl ucose; D-nmannose; D-glucuronic acid ratio of about 2:2:1, wherein
the D.gl ucose noi eties are———linked-+n52 beta-[1,4] configuration, inner

D- mannose noi et i ' agy an al pha-[1, 3] configuration
primarily to aIternaJﬂﬂlﬁHﬂ% " %Hﬂes,'the D- )
* c L N S * )

inoculating a snitable growth medium with a
xid.croorganism of the genus Xanthomonas which contains a
chromosomal deletion mutation and is capable of synthesizing
the polysaccharide polymer of claim 1 that is non-acetylated
at the inner mannose and is non-acetylated at the outer
mannose, and ' ‘

incubating said inoculated growth medium at a
suitable temperature, pH and dissolved oxygen level for a

time sufficient to produce the polysaccharide polymer of
claim 1.

37. The process of claim 36 wherein the microorganism is
of the species Xanthomonas campestris.

38, . The process of claim 36 wherein the microorganism
contains an Acetylase I and II chromosomal deletion mutation.

39. The process of claim 36 wherein the microorganism is
an Acetylase I and II chromosomal deletion mutant of
Xanthomonas campestris (X1910).
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gl ucuronic acid noieties are linked in a beta-[1, 2] configuration to
sai d i nner mannose noi eties, and outer mannose noi eties are linked to
sai d gl ucur.oni c acid noieties in a beta-[1,4] configuration, said
process, conpri sing: .. (a) inoculating a suitable growth nmedi um
with a m cr oor gani sm of the genus Xant hononas which

contains an Acetylase | and || chronqsggaL del etion mutation in
t he xanthan gene cluster and is capable of synt hesi sing said

pol ysaccharide polynmer that is non- acetyl ated at the inner and
out er mannose residues, with the proviso that said Xant hononas
does not contain any other deletion nutation in the xant han gene

cluster that produces an altered ABSTRAQDI| ysacchari de; and (b)
i ncubating said inocul ated growth nmedium at a sui tabl e
tenperature, pH and dissol ved oxygen | evel for a tine sufficient

t o producGENETIC'CONTROL OF ACETXYISMION ANDPYROFYE DR IONCOR S ANFPHAN BASED
POLYSACCHARIDE POLYMERS

Vm&uﬂmnﬂmngumsmrpnwkkdw&khhmhﬂcawmeQMWMegﬂwmammmhpdbnmr
comprising repeating pentamer units having a D-glucose: D-mannose: D-glucuronic acid ratio
of about 2:2:1, and a water-soluble polysaccharide polymer comprising repeating tetramer units
having a D-glucose: D-mannose: D-glucuronic acid ratio of about 2:1:1. The D-glucose
moieties are linked in a beta-[1,4] configuration. The inner D-mannose moieties are linked in
an alpha-[1,3] configuration, generally to alternate glucose moieties. The D-glucuronic acid
moietes are linked in a beta-{1,2] configuration to the inner mannose moieties. The outer
mannose moieties are linked to the glucuronic acid moieties in a beta-[1,4] configuration.
Processes for preparing the polysaccharide polymers are provided.

{ No appropriate(figuré )
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2. The process of claim1, wherein said m croorganismis
canpestris.~ 47 3.
whi ch compri ses an Acetylase | and ||
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chronmosonmal deletion nutation in the xanthan gum gene cluster, with

t he.provi so that said Xanthononas does not contain any other del etion
mut ati1 on in the xant han gene cluster that produces an altered
pol ysacchari de. 4. The Xant hononas of13cl aim 3, wherein said Xant hononas
S Xant hononas canpestris. 2/ - 48-
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pH and

i ncubating said inocul ated growth nediumat a suitable tenperature,
di ssol ved oxygen level for a tinme sufficient to produce the polysaccharide

14. A process for preparing the polysaccharide
i necul ating a suitable growth medi um

pol ymer, of claim 3 conprising
Wi th a m croorgani smof the genus Xantho as which is capabl e of
I s acetyl ated at

synt hesi zi ng t he pol ysacchari de .pol yner of claim 3 that
pyruvyl ate t he outer
he@&dm at a suitable

mannose and i s acetyl ated and non-
i ncubating said inocul ated growth
suf fli ci ent to produce

pol ynmer of <l aim 2.

t he i nner
mannose, and
tenperature, pH and di ssol ved oxygen level for a tine
t he pol ysacchari de pol yner of claim 3. I
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15. "A process for preparing the polysaccharide polymer of claim4

conpri sing: i noculating a suitable growth mediumw th a

m croorgani,sm of the genus Xanthononas which is capable of synthesizing the
pol ysaccharide polyner of claim4 that i.s non-acetylated at the inner
mannose and is acetylated and pyruvyl at eéi/B3 the outer mannose, and

I ncubating said inoculated growh nediumat a suitable tenperature, pH and
di ssol ved oxygen level for a tine sufficient to produce the pol ysaccharide
pol ymer of claim 4. 16. A process for preparing the polysaccharide
polymer of claim5 conprising: I noculating a suitable growth
mediumwi th a mcroorgani smof the genus Xanthonnnasrmchh I s capabl e of

synt hesi zi ng the pol ysaccharide polyner of claimb5 tHat-:s< acetyl ated at
t he i nner mannose and i s pyruvyl ated but non- |
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acetyl ated at the outer mannose, and :
REPLACEMENT SHEET - 49- i ncubating said inocul at ed
growm h mediam at a suitable tenperature, pH and di ssol ved oxygen | evel for
a time sufficient to produce the polysaccharide pol yner of

- 5713 )

GLUCURONIC ACID
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cl ai m.5. - 17. A process for preparing the polysaccharide polynmer of
claim6 conprising: I noculating a suitable growmh nediumwith a

m croar gahi sm of the genus Xant hononas which is capabl e of synthesizing the
pol-ysacchari de polyner of claim6 that is non-acetylated at the inner
mannose and is pyruvylated but non-acgplsated at the outer mannose, and

I ncubating said inocul ated growth nediumat a suitable tenperature, pH and
di ssol ved oxygen level for a time sufficient to produce the polysaccharide
pol ynmer of claim®6. 18. A process for preparing the polysaccharide

pol ymer of claim 7 conprising: I noculating a suitable growth mediumw th
a m croorgani smof the genus Xant hononas which is capabl e of
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synt hesi zi ng the pol'ysacchari de polymer of claim7 that is non-acetyl ated
at the inner mannose and is .acetylated but not pyruvyl ated.at the outer

mannose, and i ncubating said inocul ated growth nmedium at a
suitahl e tenmperature, pH and di ssolved oxygen level for.a . tine sufficient
to produce the polysaccharide polyner ofyqgl aim7. 19. A process for

preparing the polysaccharide polyner of cI aim8 which conpri ses;

i noculating a suitable growh nmediumw th a m cr.oorgani sm of t he genus
Xant hononas whi ch is capabl e of synthesi zi ng a pol ytetranmer gum of claim
8, and

FIG. 6a -
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i ncubating the inoculated growh nediumat suitable tenperature, pH and
di ssovl ed oxygen levels to produce a pol ysacchari de pol yner having a

D- gl ucose: D nmannose: D- glucuronic acid ratio of about 2:1:1. 20. The
process ot claim19 wherein the polysaccharide polner is recovered fromthe
growt h medi um by precipitation or ul t r a®i/33r at i on. 21. The process of

claim19 wherein the mcroorganismis of the species Xanthononas
canpestri s.
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22. The process of claim 19 wherein the mcroorganismis a Transferase V
deficient nmutant of Xanthononas canpestris. 23. The ‘process of claim
19 whereih the mcroorganismis a Transferase V and Acetyl ase defi ci ent

mut ant- of” Xant hononas canpestris. 24. The process of claim 19
wherein the mcroorganism is a Transf&/Ak® V and acetyl coenzyme A
deficient nutant of Xant honbnas canpestris.~ 25. .The process of claim
19 wherein the mcroorganismis a phosphoenol pyruvate deficient mutant of
Xant honmonas canpestris. 26. A process for preparing the

pol ysacchari de pol ymer of claim 11 which conpri ses; inoculating a
suitable gromh nmediumw th a m croorgani sm '
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of the. genus Xanthononas which is capable of synthesizing a pol yt et ramer
gumof claim1ll, and i ncubating the inocul ated 'gréw h nedi um at
suitable * tenperature pH and dissovl ed oxygen levels to produce a

pol ysacchéri de pol yner having a D-glucose: D-mannose: D~ glucuronic acid

rati o of about 2:1:1 wherein said polyfrd0/18 not acetyl ated.
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27. The process of claim12, wherein said microorganismis a Ketal ase,

Acetyl'ase |, and Acetylase |l deficient nmutant of Xanthononas canpestri-s.
28. The proeess of claim 13, wherein said microorganismis a Ketal ase and
Acetyl as&™ | deficient nmutant of Xanthanonas canpestris. 29. The
process of claim 14, wherein said nicro&#é&ﬁisn1is a Ketal ase deficient
mut ant of Xant hononas canpestris. 30. The process of claim 15, wherein
said mcroorganismis an Acetylase | deficient nutant of Xanthonobnas
canpestris. 31. The process of claim 16, wherein said mcroorgani sm
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i s an Acetylase Il deficient nutant of Xanthomonas canpestris. 32.
The*process of ¢laim 17, -wherein said mcroorganism is an Acetylase I* and
Acetyl ase I4 deficient nutant of X canpestris. 33. The process of
cla|n11§wxMhere|n said mcroorganism is an Acetylase | and Ketal ase
deficient nutant of X canpestris. 12413 The process of claim 26 wherein
the microorganismis an Acetylase deficient nutant of Xanthonobnas
canpestris. 35. The process of claim26 wherein the mcroorganismis
ATCC No. 53473, an Acetyl ase deficient nutant of Xanthampnas canpestris,

( X1006) . By
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52 -

éhg a suitable growth mediumwith a mcroorgani smof the genus

whi ch contains a chronpsonuali3gal3eti on nutation and is capabl e

of synt.hesi zing
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Ho3370 Thos

t he polysaccharlde polymer of claim1 that is noﬁ“ﬁCerTEﬁ,,

manngg€ and i s non-acetylated at the outer mann and: h“"b’#ﬁ%%atpﬁ
sai d fpocul ated growth mediumat a suitable te 0" mmﬁﬁﬁ dﬂ%§@¥%bd
oxygen level for a-tine.suificient-to produce t Qc héWB b &0 yoaged 1.
claim1. 37. [THKS [GHEEESHSOBEIN fi m 36 \/\herel ‘éori’ga?ﬂ Ssmio pagdd .....
t he speci es Xant kom)naggm_ap{mgst ris _ p‘r’é?f%@s ¢fPagtdhi.mi@ Paged .....
wherei n the m cr gorgant-smcontatms” an Acetylas I and Il chronosomal

del eti on nutati on. 39. The procesHaipis cl |rEAEmeE@Ea®EgnQ"ggka _______
mcroorganismis an Acetylase | and |1 chronosomal del &t o mutarmt—of

Xant hononas ganpeat précéXd9foy . preparing a water-soluble, non-acetylated
polysaccharide polymer with repeating pentamer units
having a D-glucose; D-mannose; D-glucuronic acid ratio
of about 2:2:1, wherein the D~glucose moieties are
linked in a beta-[1,4] configuration, inner D-mannose
moieties are linked in an alpha-{1,3] configuratien
primarily to alternate glucose moieties, the D=-
glucuronic acid moieties are linked in a beta-{1,2]
configuration to said inner mannose moieties, and outer
mannose moieties are linked to said glucuronic acid’
moieties in a beta-{1,4] configuration, said process
comprising:

(a) inoculating a suitable growth medium with a
microorganism of the genus Xanthomonas which
contains an Acetylase I and II chromosomal deletion
mutation in the xanthan gene cluster and is capable
of synthesising said polysaccharide polymer that is
non-acetylated at the inner and outer mannose
residues, with the proviso that said Xanthomonas
does not contain any other deletion mutation in the
xanthan gene cluster that produces an altered
polysaccharide; and

{b} incubating said inoculated growth medium at a
suitable temperature, pH and dissolved oxygen level
for a time sufficient to produce said non-
acetylated polysaccharide polymer. '

2. The process of claim 1, wherein said microorganism is

Xanth is. -
anthomonas campestris REPLACEMENT SHEET
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3. A Xanthomonas which comprises an Acetylase I and IX
chromosomal deletion mutation in the xanthan gum gene
cluster, with the proviso that said Xanthomonas does not
contain any other deletion mutation in the xanthan gene
cluster that produces an altered polysaccharide.

4. The Xanthomonas of claim 3, wherein said Xanthomonas is
Xanthomonas campestris.
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A process for preparing a water-soluble, non-acetylated
polysaccharide polymer with repeating pentamer units
having a D~glucose; D-mannose; D-glucuronic acid ratio
of about 2:2:1, wherein the D-glucose moieties are
linked in a beta~{1,4] configuration, inner D-mannose
moieties are linked in an alpha-[1,3] configuration
primarily to alternate glucose moieties, the D-
glucuronic acid moieties are linked in a beta-[1,2]
confiqguration to said inner mannose moieties, and outer
mannose moieties are linked to said glucuronic acid
moieties in a beta-[1,4] configuration, said process

comprising:

(a) inoculating a suitable grdwth nmedium with a
nicroorganism of the genus Xanthomonas which
contains an Acetylase I and IT chromosomal deletion
mutation in the xanthan gene cluster and is capable
of synthesising said polysaccharide polymer that is
non-acetylated at the inner and outer mannose
residues, with the proviso that._said Xanthomonas
does not contain any other deletion mutation in the
xanthan gene cluster that produces an altered
polysaccharide; and

(b) incubating said inoculated growth medium at a
suitable temperature, pH and dissolved oxygen level
for a time sufficient to produce said non-
‘acetylated polysaccharide polymer.

The process of claim 1, wherein said microorganism is

Xanthomonas campestris.
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A Xanthomonas which comprises an Acetylase I and IIX
chromosonmal deletion mutation in the xanthan gum gene
cluster, with the proviso that said Xanthomonas does not
contain any other deletion mutation in the xanthan gene
cluster that producés an altered polysaccharide.

The Xanthomonas of claim 3, wherein'said Xanthomonas is
Xanthomonas campestris.
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