-1l GENETI C CONTROL OF ACETYLATI ON AND PYRUVYLATI ON OF XANTHAN GUM
BACKGROUND OF THE | NVENTI ON This invention relates to pol ysacchari de

polymers. In particular, it relates to xanthan-based pol ysacchari de

pol yners, defined herein asppg pSioru iy JINVERTITON ar t o xant han gum

and produced by conponents of the xanthan biosynthetic pathway, including

t hose xant hanThasefinpehyiens retditkise ¢ os pollysaadha nidee poiymaease cin be

specifically acetylated but not pyruvylated, pyruvylated but not

acetyl atpartbdculiampditi rdlakiebe tohxanthem-based polysacchaxide 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,
pyruvylated 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 Xanthomonas,

in particular by microorganisms of the species X. campestris.
Xanthan gum is a widely used product due to its unusual physical
properties, i.e., its extremely hiéh specific viscosify and its
pseudoplasticity. It is commonly used in foods as a thicﬂéning
agent and in secondary or tertiary oil recovery as a mobiiity
control and profile modification agent, as well a in petroleum
drilling fluids.

Chemically, xanthan gud is an anionic heteropolysaccharide;
The repeating unit_of-the polymexr is’a pentamer composed of five
sugar moieties, specifically two glucose, one glucurénic acid and
two mannose moieties. These sugar residues are arranged such that
the glucose molieties form ﬁhe backbone of the polymer chain, with
side chains of mannose-glucuronic acid-mannose residues generally
extending from alternate glucose moieties. Usually, this basic
structure is specifically acetylated and pyruvylated, as
described, for example, by Janson, P.E., Kenne, L., and Liﬁdberg,
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mannose can be independently controlled to be acetylated or unnodified.

Xant han gumis produced by bacteria of the genus Xanthononas, in particular

by mcroorgani sns of the species X. canpestris. Xanthan gumis a w dely

used produet,diir CarbbhydpasaaRepkasichal 45:¢1761288s (1978, antisMeltoanelyp.,

hi gh specific viscosity and its pseudoplasticity. It is comonly used in

f oods as avMtfhotkebipgRagent Dadd.i AndeSeRdELFo®: FeRiadi 6rKbphYEvate as a

nmobility control and profile nodification agent, as well a in _petroleum

drilling fResdsrcBhacabsanby257aktfdR)gupach of ¥hichi ds specifically

het er opol ysacchari de. . .
incorporated herein by reference. The extent of acetylation and

pyruvylation is known to vary. The structure of xanthan gum is

depicted in formula I below:

In séite of the broad utility of naturally-occurring xanthan
gum, there are some situations where its physical properties
becoﬁe limiting. 1In particular, in secondary or tertiary oil
recovery it is not uncommon for the temperature of ﬁhe 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
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The repeating unit of the polyner is a pentaner conposed of five sugar
noi eties, specifically two glucose one glucuronic acid and two nannose

For m & nh AT BT b LT, 16 by (RSP ARl et B8 ol et es

mannose- Iucu&) |c aci d- mannose resi dues generally extending fromalternate
gl ucose *Usually; this basic structure is specifically acetyl ated

ﬁ{‘ﬁdgg[gvy' gl pazsesdé’r&c iRAthe i EXSEDbSes by FARSHP of Fanth@isdg . and

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
xanthén'gum. It has been found that chemical processes for
deacetylating xanthan gums result in a number of undesirable side
effects and may cause hydrolysié of the glycosidic backbone,
resulting in an irréversible'change in thg conformation of the
molecule and lowered molecular weight.

Xanthan gum can be chemically depyruvylated as we;l, as
described by Holzwarth and Ogletree in Carbo. Res. 763:277-280
(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
guﬁ, this non-pyruvylated gum was either fully acetylated or

deacetylated using chemical means.

-
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_2- 3., in Carbohydrate Research, 45:275-282 (1975) and Melton, L.D.,
Mnot, L., Rees, D. A, and Sanderson, G R, in Carbohydrate Research,

46: 245- 257 (&97@ c€BCHt otné\/r;bﬁéseﬁtsmeeﬁtcahl ysi 860ppovateda heari Ny bys
ref erence. The extent of acetylation and pyruvylation is known to vary The
st r uct Us¢lpdacetd Rde goan tisan epo yeelrs nifowhiith théeinmer|®anfosa spite of
the broad utility of naturally-occurring xanthan gum there are sone :

si t uat i agstybeted i ox whysdibledrdpblei tBeboubar ramosagis | acetylatedar, in
secondary or tertiary oi
pyruvylated or unmodified.

It is also an object of the éresent invention to provide an
in witro 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 éreparing members of this
family of polysaccharides by aerobically fermenting microorganisms
having the ability to produce the 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 lgarned by
practice of the invention. The objects and advantages may be
réalized and attained by means of the instrumentalities and
combinations particularly pointed out in the appended claims.

SUMMARY 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] confiquration, generally to alternate glucose moieties, the

D-glucuronate moieties are linked in a beta-{1,2] configuration to
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recovery it is not unconmmon for the tenperature of the oil bearing
reservoir and the salt concentrations in the reservoir brine to be higher
than are optiml for xanthan sol utions. Wen these conditions occur,
xanthan can precipitate, flocculate and/or lose its viscosity. Therefore,

NeW Vit§ 0 Siirinid N GndHrsHE tnfo MHidE ReTd wuteel thamiossmais ieendirel 0Rfiked
encountered during eil recovery, such -3- as high tenperature and high
sal t amnag md aivuveidue wieties in a beta-{1,4] configuration.

To further achieve the objects and in accordancé 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 contehplates
both the inner and outer mannose moieties being acetylated. &
further structure is provided having a portion of the outer
mannose moieties pyruvylated at the 4-3 position and a portion
acetylated. BAnother 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 moietieg acetylated.

. This invention also contemplates processes for the production
of the polysaccharide polymers described above. The
polysaccharide polymers of this invention can be made generally by
genetic manipulations of the microbial biosynthetic pathways which
lead to thé production of polysaccharides. In particular,
microbial pathways for the production of xanthan gum may be

manipulated to create an in vivo or in vitro 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.
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desirable. The present i nvention discloses a fam |y of xanthan-based
pol ysacchari des having inproved properties relative to naturally- occurring

ys Jhavi ng . cour |
For examl e, Tor s MIHeR¥ el (R ML RS e AR Rl Wit
desor | bRPar a0 RpEa e A sp sk a0 sresigpigumathl ch s

deacetyl ated or depyruvyl ated. Various neans of chem cally ‘deacetylating

xant han egpTapa@dise Gl %ant ke nas cumasidtivalsd e dasadiag ids U S,

Pat ent NoS. 3,000,790 and 3, 054,689. To date, the predom nant nethod

utili zedlbamekhes ehicaerigtipainydng dheasizes hashiberare 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.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure la shows the BamHI restriction map of a 16 kb region
of the chromosome of X. campestris that contains a cluster of
twelve genes required.for biosynthesis of xanthan and also sﬁows
the approximate locations of these twelve genes relative to the

BamHI restriction map.

Figure 1lb 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 F of the gum gene cluster.

Figure 3a shows the structure of plasmid pl3delCla derived
from pRK290-H336 by in vivo insertion of transposon 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 F,
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chem cal renpval of the acetate noieties fromnormally acetyl ated xant han
gum It has been found that chem cal processes for deacetyl ati ng xant han
guns result in a nunber of undesirable side effects and nay cause

hydrol ysis of ”ﬁoﬂk%f%déﬁoﬁﬁcgﬂgn&rﬁééﬁféiﬂﬁ pladiid prEYIs KRl & xhange

i n the conformati the nol ecul e and | owered nol ecul ar wei ght. Xant han

gum can be  cad |y ¥ Uy | 8¢ eecesradetd, pBSdEEST4 j heshtyitiolg viid hsand
Qgl etree | rﬁ@r‘%gﬂl’ Réeljéng% 277- 280 (191%9) : Tﬂi s chenmi cal nethod g(Z)f

depyruvyl atggin pA$® F@lx dépsride withhangene yrer i Thimiglasmidreastusins an

hydrol ysis of the glycosidic backbone. While a strain of X canpestris has

been descrisigtbittion mutation (KBml) at the BamHI site within gene G. The
DNA fragment inserted there is a BamHI restriction fragment

carrying the kanamycin-resistance gene of plasmid pUC4-K.

Figuré 4 depicts the chenmical structure,'and a schematic
representation, of the repeating unit of the polytetramet variant
of xanthan gun. |

Figure 5a shows the structure of plasmid pHA3RBm2delCla
_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. campesgtris gum biosynthetic operon DNA and therefore lacks
genes B and C but contains genes D through M. pHA3KEm2delCla
contains the gene.F deletion mutation described in Figure 2 and an
insertion mutation in the BamHI site of gene I. The inserted DNA
is again a BamHI restriction fragment of pCU4-K which carries a

gene conferring kanamycin resistance.

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

chromosonme.
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U.S. Patent No. 4,296,205 whi ch produces non-pyruvyl ated xanthan gum this
non- pyruvyl ated gumwas either fully acetylated or deacetyl ated using

Fam |y of | paRgEEEc Bl SEA BN v b Tor GHAT Tl R Sz

acet yl aved o unodifi;ed why g, & e, QUL RIGHIRNIARE ddRRRY Y Shadiiphy bat od
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.

DETAILED DESCRIPTION OF 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.

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

In Vitro Polgsaécharide 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. ' |

/ | -8 -
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It is also an object of the present invention to provide an in vitro nethod
for obtaining these products and m croorgani sms having the ability to
produce nenbers of this famlg!of pol ysacchari de polyners_in_ vivo. A
further dljmdthisf navelyr st ied atrthodi sthe bR NAEEC froblsixae f or
preparing nenbers of thls fan1|y oféPonsacc I des by aerobically

f er F¥RYeNy i| @ EHHEY 1SR (o f CREFTRPREAR IS of

pol y ccharlde polyners Addlt ohj ect.s and advant ages. of ,the_invention

i 1 16h5 asay mma SRR S Eet b wec kS R AL T

wi || be obvi ous from.t des ragty ce of the

g P R AR oYy U FSER d d °¢ ©F
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 thereof.

Generaily, to produce the variant polysaccharides of the
present invention, a lysate of a microorganism possessing the
enzynmes required to assemble the desired'poiysaccharide.is
incubated with the appropriate substrates, which, depending on the-
gum 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 elminating phosphoenol-pyruvate
as a substrate. Chemical and/or enzymatic treatment of the cell
lysates in order to deélete endogeneous substrates will be evident:
to one skilled in the art.

}n addition, cell-free systems may be created from mutant
organisms deficient in one or more of the enzymes of the xanthan
biosynthetic pathway. Such mutant-derived cell lysates would'“

] , -9 -
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real i zed and attai ned by means of the instrunmentalities and conbi nations
particularly pointed out in the appended clains. SUMVARY OF THE | NVENTI ON
To achi eve the objects and in accordance with the purposes of the

i nvent ;eBdude eNBOYhedantdgheadescdgiid hrrrdiar cigitHdickind Soledyi dgd a
conposition conprising a polysaccharide polynmer having a D glucose:
D manngie: mRtgltionr ofi duecitd thk muti tdkouti? . drbinatdioa witheaDwilthhase
noieties are linked in a beta-[1,4] configuration, inner D nmannose noieties
are |iskbdtiraten al pha- [1,3] configuration, generally to alternate gl ucose
nmoi eties, the D-glucuronate noieties are linked in a beta-
Conf|gurat|8hetblosynthetic 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 ideﬂtify the oligosaccharide
intermediates. These include thin layer chromatography and high-
performance liquid chromatoéraphy.

The cell-free biosynthesis of xanthan has been found to be a
tine~dependent, sequential process that is dependent on the
addition of all three specific nucleotides. The background of
non~-specific incorporation of labeled substrate is minimal and
does not interfere with the detection of the xanthan-specific
polymer in the gum fraction.

The 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.

/ - 10 -
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-5- the inner nmannose noieties and outer nmannose noieties are linked to the
D-glucuronate noieties in a beta-[1,4] configuration. To further achieve
the objects and in accordance with the purposes of the present invention,
there is provided a conposition conprising xanthan gum wherein the inner
mannos e Usdingt ithe s enetidsidd dficat] recavars-@f pusteingdiatmtproduttsyctitr e

contenpl ates both the inner and outer mannose npjeties being acetylated. A
has been discovered that, under in wvitro conditions, certain

lysates of X. campestris mutants will produce non-acetylated or
non~-pyruvylated xanthan gum even in the presence cof 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 Vivd-Polxsagcharide Synthesis

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

Furthermore, for whole cells to synthesize non-acetylated
xanthan gum, a means of blocking the acetylation of either the
inner or outer mannose during xanthan 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 pyruvylation
steps would be required. In one embodiment of the present
invention, mutagenesis was employed to alter some of the genes
responsible for these various reactions.

Transposons, including but not limited to Tnl0, TnKl2 (TnlQ
dellédell7RanR), and Tn303, 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
: H
{
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further structure is provided having a portion of the outer mannose

noi eti es pyruvylated at the 4-6 position and a portion acetyl ated. Anot her
St I UCthikita t SoRé oWy defruttlpt DRy OLh 8l cBBNAGS BetfibAtbeS PNeULYhAspOsahist he
4-6 position and the inner mannose noieties acetylated at the 6-0 position.
Two adehs i lodai nBiodet 88 esndo exagnthadefdasogambastrdst be varktousavecsers,

noi eti es pyruvylated at the 4-6 position and the other having the outer
mannosincbudingsonacsdytalbed Fhisidaveactonsal sucboasepPKadis. priveesses for
the production of the polysaccharide polyners described above. The

pol yspR¥2813e »olgescribédihysPittent Fon €anbha. nBdean@ndebingkby 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 campestris.

In other embodiments of the invention, other means of
mutagenesis can be employed to generate mutants that do not
acetylate and/or pyruvylaté 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. 333,868 of Capage et al., entitled "Recombinant-DNA
ﬁediated Production of Xanthaﬁ 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

e,
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genetic mani pul ati ons of the mcrobial biosynthetic pathways which lead to
t he production of polysaccharides. In particular, mcrobial pathways for

t he production of xanthan gum nay be mani pulated to ctreate an in vivo or in
vitro systemfor the production of an altered polyneric unit. Thus, systens

can Do e‘%ah%%éé“ (9L 9ib iR 1Se indBiG SLITRl Y mepid, Hael YiBsadiln and
Ket a 0 create polysaccharldes whi ch are
acet YE?zEle(i‘onfh pw AL ?inta(hdé%f gl Basenetics (1980); and -

Maniatis, T., Fritsch, E.F. and Sambrook, J. in Molecular Cloning

(1982}, Cold Spring Harbor.

Alternatively, appropriate mutants can be detected by
assaying the culture broth of each mutant for the presence of the
Aesired polysaccharide, e.g., xanthan gum which has the ouger
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 outer mannose (X1397), aceéylated at the inner
mannose and pyruvylatéd at the ouﬁer'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 moieties 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
ihnet mannose and unmodified at the outer mannose (X1403), have
each been placed on depgsif at the American Type Culture
Collection, Rockville, Maryland, under Accession Nos. 68033,
68034, 68035, 68036, 68037, 68038 and 68039, resﬁectively.

It is not beyond the scope of the invention to employ eﬁéyme

inhibitors gf Acetylase I, Acetylase II and Ketalase to arrive at

14
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6- It is understood that both the f oregoi ng general description and the
follow ng detail ed description are exenplary and explanatory only and are
not restrictive of the invention, as clainmed. The acconpanyi ng draw ngs,

v oh Bh8 LBGRBREALENs!n 8B $ORERLLURR A-RAE vl EHLSpEORGLAGAALD.
et i s it S i S A S A i i Z R
16 kb 841 eRefichieqelraiRE0sR 6F XatGaaReshhikhahhgtmcontains a cluster of
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, starchr-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 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,
potassium, 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. ZXanthomonas campestris cells are grown aerobically by
supplying air or oxygen so that an adequate level of dissolved |
oxygen is maintained, for example, above about 10% of saturation.
Preferably, the level is kept above about 20%. The pH often is

maintained at about 6.0 to 8.0, preferably at about 6.5 to 7.5.

B T
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twel ve genes required for biosynthesis of xanthan and al so shows the
approxi mate | ocations of these twelve genes relative to the BanHi
icti on _sites

F7and G andTRRPRIKESEENERIa%: Ofn TRUREEES Cof "YERGIOR 5AG B° FPgupersa
Con! Sl sBERBLAF LAy BhsRs oS B UL BBkl CLaLINLALS ACRELE O
oo, et ATERC,R ot o8 Kefay sasnants hchiomostan i g
figur epamgshla@haﬁaéguwt tHekei hoBn23oltgSEehbed1 1§, FalubRo2s0kre 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 sglt. Alterntively, the polymers caq_be recovered from

the broth by ultra-filtratio;.

Mobility control solﬁtions for use in enhanced o0il recovery
may also be prepargd 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 known additives may
also be used in combination with these solutions to further
enhance o0il recovery. Such additives include, for example,
surﬁactanté, 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
1ike 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 inveﬂtipn. All United States patent .

applications and other references cited in these Examples are

$
14
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the 660 base pair Clal DNA fragment within gene F. -7- Figure 3b shows
the structure of plasmd pH336KBm del Cla which is simlar in structure to
pl 3del C a, containing the same 660 base pair deletion within gene F. This

& e B P e T rest ot on fragnent Garrying
the kananyci n-resi stance gene of - peganpdEolC4s- K

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

Capage et al., U.S. patent application Serial
No. 333,868, described the nucleotide sequence of a 16 kb segment
of X. campestris DNA that contains a gene cluster required for
xanthan gum biosynghesis. 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 ¥ (see Figure la), caused by
transposon insertion, resulted iq production of xanthan gum that
éontained no detectable acetate. Insertion mutations in gene G
did not result in any obvious defect in xanthan gum biosynthesis.
Mutants with gene G 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 F encoded an enzyme
that catalyzed the known acetylation of the inner mannose of
xanthan, while the activity of the gene G protein remained
ﬁnknown.

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 G

.
§
L4
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Figure 4 depicts the chem cal structure, and a schematic representation, of
the repeating unit of the polytetraner variant of xanthan gum Figure 5a
shows the structure of plasnm d pHA3KBnRdel Cl a derived from pRK290- HA3 whi ch
is identical to pRK290- H336 except that it does not contain the 1.4 kb and

1.5 k t€ &d & f G DNA and
Rec3TH ié%%%eé%%a&ﬁ% hé GoRDES DSV £ Cx AP AN

therefore | ac and C but contains genes D through M
PHASKIFEIRI dah WP hlteargeh avdreal gbrsd Do It @idwt ttetsed | berthdsw Iaamg e 2

and an insertion nmutation in the BanH site of gene |I. The inserted DNA is

agai n shdBantla rasdi X1 cf5o+10% pdrments ofn pfildant wiectease riresthe acetate
content of gum produced by G mutants as compared to wild-type X.
campestris. Therefore further experiments were performed to
determine what role gpG might have in acetylation of xanthan.

The ﬁyéothesié that gpG normally directs 10% of the
acetylation of xanthan gum was seemingly contradicted by the
obsexrvation that transposon insertion mutations in gene ¥ resulted
in eiimination of acétylation. Clearly, these mutant gums did not
retain 10% of the normal acetate content. However, it was
possible that insertions in gene F reduced or eliminated the
expression of gene G as a result of so-called "polar* effects.
Insertions of Tni0 generally reduce expression éf genes located
downstream, in terms of transcription, from the insertion site as
reported by Kleckner, N. et al., in J. Mol. Bio. 97:561-575
{(1975). Moreover, the reduction can be quite severe in instances
where the downstream gene is "translationally coupled® to the gene
contaihing 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
1
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géne conferring kananycfn resi st ance. Figure 5b shows the extent of a
chronosonmal del etion nutation present in X canpestris strain X1106 with
genes D through M being deleted, while B and C are intact and functi onal

the cheQiRaQRe, explesdiiofliof &iiepicinstamnaidne hepatmsenttdldsend ngkricge
structures of repeating units of the polysaccharides produced by wld-type

X.

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 F does overlap the translational
start of gene G, i.e., the two are "coupled" (see Figure 1b),.
Moreover, the sequence of the translational initiation signal for
gene G is not particularly strong, which suggests that. the
translational coupling might play a significant role in gene G
expression. To test this hypothesis, a deletion mutation (as
shown in Fig. 2) was constructed within the coding sequence of
gene F. This deletion eliminated 660 base pairs between the Clai
sites witﬁin gene F. The deleted DNA falls entirely within the
EOding sequence of gene ¥, and no foreign DNA is inserted. Thus,
the deletion removés 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. Tpe mutant gpF produced
by this deletion mutation (gpFdel) is missing 220 amino acids out
of a total of 364, but the translational start of gene F and the
gene F translational stop, coupled to the start of gene G, remain
unaltered. The elimination ofltwo—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 ClalI deletion mutation was constructed on plasmid
pRK290-H336.13 (Figure 3a) which carries an otherwise wild-type

H
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canpes
conbin
gl ucos
DETAI L
to the
togeth

the invention. The polys

tris and nutants defective in genes F, G or L and all possible
ations of nmutations in genes F, G and L. Abbreviations used are:
e; M= mannose; GA = glucuronic acid; Ac = acetate; Pyr pyruvat e.

G =

'%anP%%Q%Tl RI L &F SE 4NVENTS D Flef 6F €088n $bbo O e d@plﬁs ide e ai |
:

esently preferred enbodi ments of the present i nvent1on whi ch,

Harvk tdeddiei e 1oy w%ee@rmi g5, iscEanet B2 e3¢8-3 79 t {EIPL | reichinsref
accharide polyners of the present invention have

been deasatndibdriKi 2t badatedb wel tHire sehe orgcter hpoes el ool gfrethe qairsmid.

The TnK1l2 insertion provides convenient drug resistances 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 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 acetylation of xanthan is catalyzed by gpF with a

minor component of xanthan acetylation being catalyzed by gpG.

ﬁowever, 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 F Clal deletion mutation and an insertion
mutation (KBml) in gene G. The double mutant plasmid
pH336KBm1delCia was transferred into strain X1231, and the
polysaccharidé produced was analyzed. If the low level
acetylation observed in gum produced by-x1231(913delcla) results
from the activity of gpG, then the double mutant
X1231(pH336KBmldelClaj should eliminate gpG activity by virtue of
the insertional mutation in gene G, and no acetylation should be
observed. If, however, the real source of acetylating activity in

! .- 19 ~
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be produced in vitro with a cell-free enzynme system or can be produced in
vivo by growing cells of an appropriate nutant strain. O her neans of
preparing the pol ysaccharide polyners are al so described below. In Vitro

Pol : . . _ ey . .
cerr?%ﬁé§q¥§§$%§¥?%gﬁgﬁ§;gﬁﬁiﬁﬁﬁéﬁﬁmﬁéfﬁﬁéﬁifﬁﬁJ%%?%ﬁéﬁﬁﬁﬁﬁ:?%ﬁfqﬁﬁﬁnq L.,

Couso,; i HEBRE ot MfFedt) fEBSyietion s D t1ab bbb Y0R8 vel
speciﬁnclzgaﬁ%tylﬁ%orpogt e(}; here?n by reference. It has been found that a

‘modi f ik eificd Gh §f1 A1 (HITRIITE AR ysen kipbeyseernt d.crpat @xduncesr ikgntche
pol ysaccharides of this invention.
double mutant strain. The polysaccharide produced by strain
x1231(pH336KEmldelCla) 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 obsexved.
EXAMPLE 2

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

Mutations in gene L (Figure la) of thg xanthan
biosynthetic gene cluster were previouély shown to inactivate the
ketalase enzyme which catalyzes pyruvylation of the outer mannose.
Muténts 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 “f 0.8 acetate/maﬁnose. Thus, the outer
mannose can be efficiently acetylated when pyruvy}ation 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

- 20 -
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-9 - For this novel, nodified nethod, the in vitro cell-free systemis
prepared generally by lysing cells of a m croorgani smof the genus

Xant honmonas, preferably Xant honbnas canpestris, in the presence of a

sui t abl gekaftercoppei e1adl 11 nedbmudingt EOA4, o findutdt Homs nin tdene®ropri at e
bi osynthetic enzynmes which are able to subsequently process exogenously

added s(hst¢tplase Thj sgepectal(Anetnbase ofI) hiand rgene oy FR%adAde) deser i bed
in U S. Patent
constructed. The various combinations of mutations were

constructed on plasmid pRK290-H336 which contains the entire gum
gene cluster,

The gene F 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 F. The deleted DNA falls entirely within the coding
sequence of gene F, and no foreign DNA is inserted. Thus, the
deletion removes a large portion (approximately 66%) 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 (gpFdel) is missing 220 amino acidé out
of a total of 364, but the translational start of F énd 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 G mutation used in these mutants is an
insertion (KBml) within gene G at a BamHl site that interrupts the
coding sequence of gene G. The inserted DNA is a restriction
fragment containing the 1.3 kb Kanr 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 trahsposon ™903.

The gene L mutations used were of two types. One is an
insertion of transposon TnKl2 within the coding region of gehe L.

‘

4
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No. 4,713,449 of Vanderslice et al., specifically incorporated herein by
reference. Alternate neans of lysis may be used, including but not limted
to sonication, French Pressure cell, detergent treatnent, enzynme treatnent
and combi nations thereof. Generally, to produce the varlant polysaccharldes

f th
ey o i ST s L it %@pé#fﬁ%a%%ﬂﬂe % Tdba awzth

}[ Ea 35&5 %%iﬂcg‘#ﬁcose é’%&errannose 0% %PUCUF oni C aCI acet r{%

phos Phasi: f I's gerandentnion
pol ysacchar | cf?a m%cghké;%ﬁlgiegaﬁ(gd é&@t%dn?}@ﬁx n Ia’qetmn

mutation, an insert of 1 kb of TnK1l2 DNA still remains within the

gene L coding sequence and this results in insertional
inactivation of the gene L product.
The various combinations of these mutations were

constructed 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

X1231 which contains the deletion mutation that eliminates the
entire gum gene cluster from the chromosome. The 8 resulting
strains X13%6-X1403 (Table 1) were then analyzed for polymer

productlon.
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to produce. For exanple, a non-acetylated pol ysaccharide is obtained by
elimnating acetyl-CoA as a substrate. Simlarly, a non-pyruvylated gumis
obt ai ned by el m nating phosphoenol -pyruvate as a substrate. Chem cal and/or
enzymatic treatnment of the cell |ys dmorder to deplete endogeneous
substrates will be evident to one skifTed 1Tn the art. In addition,
cell-free systens may be created from nutant organi sns deficient in one or
nore of the enzynmes of the xanthan biosynthetic pathway. Such

mut ant “gerTved certrysates woul d Genotype

Strain Acetylase I Acetylase II Ketalase
X1396% + + +
X1397 + .. ;b
X1398 + © SR
X1399 + € d
X1400 _® + +
X1401 _® + _b
X1402 E c +

e c d

X1403

a wild-type, carries TnK12 insertion within pPRK290
portion of the plasmid

b T™TnK12 insexrtion mutation

€ xan® fragment insertion mutation

d T™TnK1l2 deletion derivative insertion mutation

e in-frame, non-polar deletion mutation

This Sheet Has Been Repl
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-10- produce the variant guns descri bed herein, either due solely to the
mut ation or due to the nutation in conbination with a withheld substrate.
The bi osynt hetic process may, in one enbodi nent, be nonitored by the
|ncorpﬂlhtsnnamhsraérelgbeWBdlsubﬁtmét@§Chnf6crﬁéﬁpély@é#ﬂ@ ahi pE. 70her
met hods may al so be used to allow identification of the biosynthetic

i nt er nbbakt eenthinedre known to those of ordinary skill in the art. In
particular, chromatographic nethods have been devel oped to separate and to
identify the oligosaccharide

3.2 g/l N-Z-amine AS
1.7 g/l MgSo, . 7TH,0

0.7 g/l KH,PO,

2

40 g/l glucose

18.5 g/l (2-(N-morpholino) ethane sulfonic acid)

5-10 mg/1 kanamycin
1 mg/l Tetracycline (where applicable)
in 300 ml baffled shake flasks. Temperature was maintained at.
30¢C. After approximately 60 hours of incubation, thé culture
broths were diluted with two to four volumes of distilled H,O0 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-propancl 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 HZO each. Samples of each were subsequently
dialyzed against 4 1 of distilled H,0 for four days with daily H20
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

trifluorocacetic acid at 120‘C for 2-1/2 hours. After

neutralization with 1.2 M Na2003, the hydrolysates were filtered

e U
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ihternediates. These include thin |ayer chromatography and high-
performance |iquid chromatography. The cell-free biosynthesis of xanthan

has theenghognd st aike f4 iders dapentenly Senuandlivdipnaeasisghi-hat i s dependent
on the addition of all three specific nucleotides. The background of

non peR€oiiiat den Adigudidatahonaftdgatagpied @RIglyate is mnimal and does not
interfere with the detection of the xanthan-specifi-c polynmer in the gum

fracti on. The They enadiysds ofeda pekameade us ing eciBaakatdy HdEpr enoi d
pyr ophosphat e, has been shown in several polysaccharlde bi osynt hetic
pat Bmiippefdwitihona Aninase HAXA ekt gfclusion column (300 x 7.8

mm). Organic acids were detected by ultraviolet absorbance at 214
nm. Refractive index was used to detect neutral sugars. The
column was run isocratically with 0.01 N H,80, as the mobile phase
at a flow rate of 0.6 ml/minute at 45°C.

a The molar ratios of the components in each hydrolysate
were calculated using a series of calibration curves based on peak
areas for each sugar and organic acid.

fhe 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 II XKetalase  Mannose Mannose

X1396 + + + 0.66 0.43
X1397 + + _ 1.01 0.00
%1398 + _ + " 0.63 0.36
X1399 + _ _ 0.51 0.00
X1400 - + | + 0.10 0.39
x1401 - + o 0.47 0.00
X1402 - - o+ . 0.00 0.37
X1403 - - _ 0.00 0.00
' - 25 -
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pyrophosphoryl -linked lipid carrier in xanthan biosynthesis has been
denonstrated. Thus, the xanthan biosynthetic internedi ates have been found
to be recoverable in the organic soluble fraction with these carrier

|l i pids. The recovered oligosaccharide can subsequently be freed fromthe
carrier Iipid by mld acid hydrolysis, for exanple pH 2 for 20 m nutes at

90'C and dephosphoryl ate al kal ine hat r.a Si.S. Usi ng
these nmeth fg} SS?YofO ﬁﬁ%’ﬁwiﬁpe% Ja[q(t Epresy nted in

Table 2 can be made.

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

2. The gene G 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.

3. If Ketalase was inéctivated, acetylation by
Acetylése II increased dramatically (X1400 vs
X1401), described in Ex. 4.

4. The extent of acetylation by Acetylase I did
not increase in reéponse to the inactivation
of Ketalase. See x1398_vs X1399, described
in Ex. 4.

5. Pyruvylation did not vary significantly regard-
less of the extent of acetylation. See X1396,

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

These data indicate that the gene G 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

{ - 26 -
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has been discovered that, under in vitro conditions, certain |ysates of X
canpestris nutants will produce non-acetyl ated or non-pyruvyl ated xant han

. | or .
dynt host s, OF nERe GhEVEF BrcapBhunngBhyC Ehe S B pLOkeRA (AENIRRFLP

Killed i t oy Ld | i it t | d
pol ysacchart HEkTEes CheoERokyLakERn, PXRhes LHREEa AR Ly T AR The

cel | -free syplNess SIREACESS HOLythempe! undc pbavteesanesCvabesn@PWE xanthan
denonstrated that various xanthononas canpestris cells have all the enzynes

necessary f0s sypabest ZzRoxaq| hap; basSednfollySer aApphaicahbor Séeiahnoses84s, 335
resi dues
have shown that Ketalase catalyzes the pyruvylation of the

external mannose only.
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 enzyﬁe that adds mannose to the lifid-linked
tetrésaccharide intermediate in xanthan biosynthesis. This system
is described in U.S. Patent No. 4,713,449. Mutations that
inactivate gene I lead to the synthesis of a lipid-linked
tetfasacéharide. This tetrasaccharide repeating unit is
polymerized to yield polytetramer gum, which contains the internal
mannose in its normﬁl linkages but lacks the outer mannose
normally found on xanthan gum {(Figure 4). A double mutant

' plasmid, pKBm2delCla, was constructed which contains an insertion
mutation within gene I and the Clal deletion mutation within gene
F (see Figure 5). The double mutant plasmid 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
’
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acetyl ated, pyruvylated or unnodified. Furthernore, for whole cells to
synt hesi ze non-acetyl ated xant han gum a neans of bl ocking the acetyl ation
of either the inner or outer mannose during xanthan gum synthesis woul d be
required. Additionally, for the whole cells to synthesize non- acetyl ated,
non- py ripe PRk oGuHABN dnes rtmesnseyB o dkimt xaanteimgwhisthehesi s at
both the acetylation and pyruvyl ation steps would be required. In one

enmbodi memaiafind e apees i W ditianrgh Mt adire stesuddsinamsitdpddt o alter sone
of the genes responsible for these various reactions. Transposons,
i ncl udi¥g HUtpERR2de G kadd amo XH4P . prRe AnaFyged 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 G is not
mutated and the gene F mutation is the non-polar Clal deletion

which has been shown above not to affect the expression of gene G.
EXAMPLE 4

This example describes the'repeating units that comprise
the polysaccharide family that can be producéd 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) Wild-type (X1396); Acetylase I, 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 xanthan are
acetylated. Thus, normal xanthan repeating units are
heterogeneous with respect to modifications of the outer mannose,

containing .either pyruvate oxr acetate.
$

i
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del 16del 17KanR), and Tn903, can be used to nutageni ze Xant hononas
canpestris. These transposons, in one enbodi nent, confer resistance to
tetracycline or kananycin. Transposons have the ability to insert

t hensel ves into genes wherein they cause -12- nutations by interrupting

t he codi ng sequence. The osqns .canh be jwtrod d i nt.o.#Xant hanonas

canpestris on vari‘&)s %é{){}‘?’g i’ndbtci.?orfy?\]gaso% oic}}icﬁq"é(ceilasslﬁ cll%de’ vectors, such
as pRK2013. Vector Ketalase ™.
This polymer contains no pyruvate and as a result is

extensively acetylated at the outer mannose residue. The inner

mannose residue is highly acetylated as in wild type.

(¢) G (X1398); Acetylase 1%, Acetylase I1I~,
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) G-, 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 umnmodified, 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 mannose residues are acetylated instead.

(£) F, L~ (X1401); Acetylase I~, Acetylase

ey
1] Al
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pRK2013, as descri bed by Eﬁtfa, G, Corbin, D. and Helinski, D.R in Proc.
Natl. Acad. Sci. U S A, 77:7347-7351 (1980), specifically incorporated

herein by reference, fﬂs R a£I|ILy to transfer itself into non-enteric
bacteria, such as Xantho gk fPestris, but cannot replicate in that

post. Thus miig! §}§&fé£' X7 Suhﬂ&aegsaa&dlhﬂée AaRRGHE At i Bis Of

Xanthonnnas 'S ce Bhd T atron 1s subsequently chaT?enged

wi th %&:’ﬁ% %é aﬁé!f:" Wl&@é@ﬂ%&tnmtHeavmﬂyvadeawaw@dch survive are
those 1In one o e transposons has inserted 1nto the genone of

Xanthononas canp@? yrigT SﬁTV(quﬁzpf AdebydasbalT pngeetphabe screened for
t hose whi ch have T ost the abrlity
I1~, Ketalase .

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

(h) F , G, L~ (X1403); Acetylase I,
Acetylase 11~ , Ketalase .

This polymer contains no acetate or pyruvate. HNeither the
inﬁer nor the outer mannose residues are modified.

It will be apparent to those skilled in the art that various
modificatiohs and variaéions 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.
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make xant han gum Such mut ant s may appear | ess nu00|
Xant honomas canpestris. |In other enbodi nents of the ﬂai ﬂ ,Eeans
of nutagene5|s can be enployed to generate nutants th

and& ruvyl ate the guns they produce. Such nmeans wil | readlly occur to
one rtted in the art, and include, without limtation, irradiation,
reconbi nqrzt. DA Lgpid3altady o "stx.l |a§irwat%&'4¥iﬂﬁibl@e(i>dlly5{éfb&ﬁd~1@eat es
Pat ent Application Serial No. 333, of Capage et al., entitled

! Repamn@%nhaDMgNadmtgachls@dm&uawmaﬁe s henur@niic’ afdildedradyiol lof3, 1989,
and incorporated specifically herein by reference, and in Exanple 1
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 generally to alternate glucose moieties,
the D-glucuionic 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 composition of claim 1, wherein said inner mannose
noieties are acetylated.

3. The composition of claim 2, wherein said outer mannose
moiéties are acetylated.

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

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

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

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

. 8. A process for preparing the polysaccharide polymer of
claiﬁ 1 comprising:

indculating a suitable growth medium with a

microorganism of the genus Xanthomonas which is capable of

i
f
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bel ow) and chem cal nutagen treatnent. Exanples of such nutagenesis
procedures have been described by MIler, J.H in -13- Experinents in
Mol ecul ar Genetics (1972); Davis, R W, Bostein, D. and Roth, J.R in
AdvancegnBhesériag Cheepodyseredaridenpoiamen iof ctalmedj gk is. Ronand
Sanbrook,- J. in Ml ecular Coning (1982), Cold Sprin Harb%r.

Al t er nBEREFILR tesh ito fhiea HaNAR ARNSNoSE, apd d@t@&ﬂé&cﬁ3ylate 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 1.

S. A process for preparing the polysaccharide polymer of

claim 2 comprising:

inoculating a suitable growth medium with a
microorganism 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

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.

10. A process for preparing the polysaccharide polymer of

claim 3 compfising:

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 inﬁer 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.

.
13
L)
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éssay[ng the culture broth of each nutant for the presence of the desired
pol ysaccharide, e.g., xanthan gum whi ch has the outer mannose acetyl at ed

but not pyruvyl ated, ruvyl at ed but_.no cet bo yruvyl at ed. and
acetyl at ed1ér un dﬁtlglpcé#wfyfﬂre p[’i?é’léllrnlne(i t?rhaen r%és@s?%c%%ae’%%%tge%%berr ok
unnmodi fi,ed. Thus, mutants can be found which appear to be bl ocked-at
variou§156§ﬁ#iSﬁ?ﬁﬁ*%ﬁ#@ﬁxanthan gum pat hway. Mutants of Xant hononas

canpestris whichg : hau, 5 | ) he i nner
mp ﬁ%%g%ﬁgctl g R IHHB I Yrdwe RGRIM A A @t d

nmannose and acety e outer mannose (X1397), acetylated at the
i Nner AR gaRd sRY 08V Hhd ¢énils M temindBRANch (D6l WPablarcedsy| at ed at

the i nner mannose and unnodified at the outer mannose (X1399),
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.
12. A process for preparing the polysaccharide polymer of
claim S comprising:
inoculating a suitable growth medium with a
nicroorganism of the genus Xanthomonas which‘is capable of
synthesizing the polysaccharide polymer of claim 5 that is
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 produce the polysaccharide polymer of claim 5.
13. A process for preparing the polysaccharide polymer of
claim 6 comprising:
| inoculating a_suitable growth medium with a
microofganism of the genus Xanthomonas which is capable of
synthesizing the éolysaccharide polymer of claim 6 that is non-
acetylated at the inner mannose and is pyruvylated but none-
acetylated at the outer mannose, and

- 33 -~ i
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unnodi fied at the inner mannose with a portion of the outer nmannose
noi eti es pyruvylated and a portion acetyl ated (X1400), unnodified at the
i nner mannose and acetylated at the outer mannose (X1401), and unnodified
at” the inner mandosmbating rapid sinecatated GRS REHITR IO tadie
unnodi fied at the inner nannose and unnDdififqﬁgi he outer mannose
( X1403emperatayay bl Haphvet fEr9en ¢ Aé%’fiaca‘?%’ﬁ%/&!fémw
Col | ection, Rockville, ryl and, under Accession 8033, 68034, 68035,
68036, Es®FP %ﬁ‘%rﬂf’%q‘ér% %c‘??ﬁg“?ﬁ cff cfis\&ﬁ‘})tf’ﬁ'beyond t he scope of
the inventi,gn to enpl oy en L.nhl hi . .yl ase 11 and
Ket al ase t(}%a'r (i \ﬁe%ocyess wdF ﬂ%ﬂ}.fé stl% &gﬁ}s}/elﬁedﬁldéo‘cp%l ey 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 inocﬁlated growth medium at a suitable
temperature, pH and dissolved oxygen level for a time sufficient
to produce the polysaccharide polymer of claim 7.
15. The procéss of claim 8, wherein said microorganism is a
Ketalase, Acetylase I, and Acetylase II deficient mutant of
Xanthomonas campestris.
16. The process of claim 9, wherein said microorganism is a
Ketalase and Acetylase II deficient mutant of Xanthamonas
campestris.

17. The process of claim 10, wherein said microorganism is a

Ketalase deficient mutant of Xanthomonas campestris.

18. The process of claim 11, wherein said microorganism is
an Acetylase I deficient mutant of Xanthomonas campestris.

19. The process of claim 12, wherein said microorganism is
an.Acetylase II deficient mutant of Xanthomonas campestris.

20; The process of claim 13, wherein said microorganism is
an Acetylase I and Acetylase II deficient mutant of X campestris.
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-14- the sanme products. Still other alternatives for producing this famly
of pol ysacchari des are contenpl ated, including enzymatic and chem cal
degradati on of natural xanthan gum The nutants .can .be gr.own .under

condi ti eas geher gidogdssoms icAadiie ldrt WHRTSITh i b ALY -’i%‘e"sf@aﬁlshormnas

canpestris. For exanple,

t hey can ,be gr.own ,on_ ,suj I jJy:l abl e carbon
soanc asetydasas Ig| %taéé@?éoé’é}% Jutgnh (L:é‘Intl g t{ylsa}ohydr ates

AR
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such as nol asses or corn syrup, various-organic acids and the |ike.

M xtures of carbon sources can al so be enployed. The concentration of
carbon source supplied is often between 10 and 60 grans per liter. Al so
necessary for growh are an assimlable source of organic or inorganic
nitrogen, generally between about 0.1 and 10.0 grams per liter, and

m nerals, the choice of which are easily within the skill of the art.
Exanpl es of suitable nitrogen sources are ammobnium salts, nitrate, urea,
yeast extract, peptone, or other hydrolyzed protei naceous materials or

m xtures thereof. Exanpl es dssrricd|er mEeroisciostrEe phosphorus, sul fur,
potassium sodium iron, nmagnesium these are often added with a

Compositions are provided which include a water-soluble
polysaccharide polymer having a D-glucose:D-mannose:D-glucuronic
acid ration of about 2:2:1. 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 moieties are linked in a
beta-[1,2] configuration to the inner mannose moieties. The outer
manose moieties are linked to the glucuronic acid moieties in a
beta~{1,4] configuration. Processes for preparing the

polysaccharide polymers are also provided.
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chel ati ng agent such as EQTA or citric acid. Opt i mal ténperatures for

growt h of Xant hononas canpestris generally aggs fiRtiwReBeed Be
pref erably between about 27

and 30' C. Xant ho

grown aerobically by supplying air or oxygen

di ssol ved oxygen i s maintained,

Pref erably,

ateabogts 68C¢*t ¢ 8F0, 27

t he | evel

for exanpl e,

ﬂﬂlﬂi ‘Fﬁtﬁﬂiﬂs cells are
i out 10% of saturation.

i s kept above about 20% The pH often is mintgined
&P alft ¥ "F REDBGt 6.5 to 7.5.

e 35' C,

uate | evel of
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-15- The pol ysaccharides of ‘the present invention can be recovered from
ermentation broths by a sui'table means. Precirpis brdd 18 BW: REpiksHPr Opanol

t hanol , or other suitable al cohol readily vyiel chari des of
g f! &l on of about
of potassium

this invention. Generally, alcohols are added t
chl gride.« sedi ump ghl oglﬁescg (gbg,r? q__%é Alterntively, the pol ymers can be -
Il

50 to 75%  on the basis of volune, preferably i

recovered fromthe bro by ultra Fation. Mobi lity control solTUti®fs
for use in enhanced oil recovery rray al so be prepared fromthe variant
pol ysacchartdeg pUiYIIl:flbi i S | e —
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di scl osed herein. Sol ut i ons. of the pol ysacchari de poI yrrers at
concentrations of fromabout 50 to about 3fHD;GSh pr| ate for such
nmobility control solutions. O her known addl be used in

conbi nation with these solutions to further covery. Such
additives include, for exanple, surfactants, a |ne agents or netal :
organi ¢ crosslinking_age | gapcharl de polymers, |ike xaft-h&ff gum
caf Tat 5 b€ UsedV &s t‘kﬁgck@e-?n r%bggﬁﬁti in foods, cosnetics, medicinal
fornul ati ons, paper S|2|ng, dr|II|ng muds, printing inks, and the |ike and

* 1
as a—geH—ng |agcm — II- additT ot ney. qu’ be- used tO . ! g
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Thi s exanpl e denonstrates that there are two X. canpestris genes which
ncode enzymes that catal yzé acetyl ation of-.”x nt han gum Capage et al .,
. S. patent application Serial No. 333,868, " 31 Aeplzgedic| eot i de

sequence of a 16 kb segnent of X. canpestris l}i{) !{gi ns a gene

cluster required for xanthan gum bi osynt hesi { H re isolated that
nactivated each of the_genes identified by the DNA sequence. The

Dheﬁ’oﬁyﬁ"ess’ of “mutant stfdins cﬁrvr"f/fir?g‘;tsh’ése nut ati ons were determ fhed® ™

Mut ati ons. in gene F (see Figure la), caused by transposon insertion,

“esulgt.ed in ‘proqluct i on  of ,xa,ntzhanl gqum that
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contai ned no detectable acetate. Insertion nutations in gene G did not
‘result in any obvious defect in xanthan gum bi osynthesis. Mitants with gene
G def ect's produced high levels of xanthan gum and this gum contained al

of the normal constituents of xanthan in approximtely normal nolar rati os.

On the basis of these initial results, it was concluded that gene F encoded
an enzyne that catalyzed the known cetXIation of the inner

_ mannose of
xanthan, while the activity of tH&3J sBeen EPEER  enmi ned unknown.

However, when the DNA sequence wa ﬂ q fct t he am no-acid sequences
of the products of genes F and G A [EE
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QDG)
Thi s finding indicated that

The phenotypes of mutants d m r}ﬂm
reexam ned, and the conpositions of xa
preci sely quantitated. These data showed
decrease in the acetate content of gum pr

of gpF and gpG m ght be simlar.
-17- were subsequently

ans produced by these nmutants were

a small (5% 10% but significant

oduced by G nmutants as conpared to

these proteins were Tfmaﬁtﬂasﬁnawaep%gdenm ve honol ogy to ‘one anot her.

wild-type X
F- ST{\R’I"/ Clal F—SJOP
339 N
| G
1 31 253 364
aa
gpF 364aa ~ 42Kd
[DELETE Clal FRAGMENT
FIG. 2 3 F-START Clal F-STOP
: ; f/ ! X
E_ F AClal G
31/
1 253 364
Y gpF AClal 144aa ~ 17Kd
FIG. 4
A N\
CH2OH CHoOH
GLUCOSE
n
MANNOSE
A GLUCURONIC

ACID



«

.canpestris. Therefore further experiments were perforned to determ ne what
rol e gpG might have in acetylation of xanthan. The hypothesis that gpG
normal |y directs 10% of the acetyl ation of xanthan gum was seemi ngly
contradicted y. hggﬂgg§§ﬁnaax&nlthat transposon insertion nutations in gene
F resulted in lacetylatlon Clearly, these nmutant guns did
not retain 10% Bﬂ“ mm acetate content. However, it was possible that
i nsertions in or elimnated the expression of gene G as a
result of so- called "polar effects. Insertions of Tnl0 generally reduce

expression of genes | ocated downstream in terns of trangcription, fromthe
insertion site as -~
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reported by K eckner, N. et al., in J. Ml. Bio. 97:561-575 (1975).
Moreover, the reduction can be quite severe in instances where the
dommstrean1gene is "translationally coupled" to the gene containing the

|nsert|on tl g&n&gﬂgaied by Oppenheim D.S. and Yanofsky, C., in
Genet . Translatlonal coupling is a phenonenon wherein

t he translat naI of one gene overlaps the translational start
signal of an stream gene. I n sonme cases where such coupling

occurs, the |n|t|at|on of transl ation of the downstreamgene is largely or
entirely dependent on term nation of translation of the upstream gene
occurring at the coupler. Thus, insertions in the upstream
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N

rre:nﬁer of the coupl ed genes can dramatically reduce, or even el i m nat e,

expression of the downstream gene because these inserts invariably cause
~&rame shifting and premature terrlrg'!isng};[egt% 8den REMR& ation of the upstream
gene. The DNA sequence of the gum i{

eveal ed that the
transl ati-onal stop of gene F doese‘mgﬁm Dmml ansl ational start of gene
G i.e., the two are "coupled" (s ,

Mor eover, the sequence of
the translational initiation signal for

FIG. 6a FIG. 6b
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. MENT CLAET! e (A TV
gene G i I 'Eht&kﬁﬁ? strong, which suggests that the transl aff@ha”
coupling ght play a sipdificant role in gene G expression. To test this

hypot hest s| & @B &t ¥bn tbtion (as shown in Fig. 2) was constructed within
t he codi pgj sequence of g nE F. This deletion elimnated 660 base pairs

between {hé™Clal sites within gene F. The-deleted DNA falls entirely wthin
t he codi ng_segquence .of..genk F, and no foreign DNA is inserted. Thus, the
del eti on r enEBENETEC| GONERPLr OF oACERPRABIONAND \PYRIVNYIAT X0 Qfe fdNiHAN oes
not alter the reading frame since the nggeer of base pairs deleted is
evenly divisible by 3. The nutant gpF produced by this deletion nutation
(gpFdel) is mssing 220 am no aci ds out

BACKGROUND OF THE INVENTION

This invention relates to polysaccharide polymers; In
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 thaf the outer
mannose can be specifically 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 bacteria of the genus Xanthomonas,

in particular 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 modification agent, as well a 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 glucose, one glucuronic acid and
two mannose moleties. These sugar residues are arranged such that
the glucose moieties form ﬁhe backbone of the polymer chain, with
side chains of mannose~glucuronic acid-mannose residues generally
extending from alternate glucose moieties. Usually, this basic
structure is specifically acetylated and pyruvylated, as

described, for example, by Janson, P.E., Kenne, L., and Lindberg,
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of a total of 364, but the translational start of gene F and the gene F
transl ati onal stop, coupled to the start of gene G remain unaltered. The
elimnation of two-thirds of the ami no acid residues of gpF is very likely,
al t hough not certain, to result in elimnation of all protein activity.
Thus, any residual acetylase activity frgmthis nutant is nost apt to be
due to activity of gpG This Cal deletion mutati on was constructed on

plasni d pRKZ90-;tB36 - b3niELgHE ReFamdli ClA 52751282 afu IT)eands e WEdAl; Ly g
Yinot, L., Rees, D.A., and Sanderson, G.R., in Carbohydrate
Research, 46:245-257 (1976), each of which is specifically
incorporated herein by reference. The extent of acetylation and
pyruvylation is known to vary. The structure of xanthan gum is

depicted in formula I below:

Yt

In s?ite of the broad utility of naturally-occﬁrring 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
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-19 - gumgene cluster and an insertion of transposon Tnl0 del 16 del 17 KanR
described by Wy et al., in Gene 32:369-379 (1984) and here ternmed TnKl2,

| ocated within the vector position of the plasm d. The TnK12 insertion

provi des conveni ent drug resistances for selection of plasmd transfer. The
del eted plasmd, termed pl3delda, was transferred into the X canpestris
Gum del etion strain X1231, which is nissBng genes B - M and pol ysacchari de

produced by the resulting strain X1231(pl 3del d a) was anal yzed. This gum
contained a | ow but significant anount of acetate;

as high temperature and high salt concentrations would be
desirable.

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 result in a number of undesirable side
effects and may cause hydrolysis of the glycosidic backbone,
resulting in an irréversible'change in the conformation of the
molecule and lowered moleculaxr weight.

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 either fully acetylated or

deacetylated using chemical means.
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roughly (10-15)% the anount normally found in wld-type xanthan. This
result indicated that both gpF and gpG are acetyl ases and that the bul k of
acetylation of xanthan is catal yzed by gpF with a m nor conponent of

xant han acetyl ati on being catal yzed by gpG However, it renmained a
possibility that the |low | evel acetyl ati eA-observed in the nmutant X1231

(pl 3del Cla) resulted not fromthe activity of gpG but froma residual
activity of gpFdgl obJecadst ase phisehESueveric ARthlse BULAR&eTd ok Y§ Of

pl asm d pRK290- H336 was constructed. As shown in Figure 3b, this double
mut ant conipolgdatheagide RrGhan delpreos initvtian thrdiamey masmoiseniaut ati on
(KBmL) in gene G The doubl e nutant

asm d
acetylated or unmodified whgke 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 familf 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.

Additional objects and advantages of the invention will be
set forth in part in the description which follows, and in part
will be obvicus 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.

SUMMARY 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 polysacchaxide 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, generally to alternate glucose moieties, the

D—giucurbnate moieties are linked in a beta-[1,2] configuration to
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pH336KBm del O a was transferred into strain X1231, and the pol ysacchari de
produced was anal yzed. If the I ow | evel acetylation observed in gum
produced by X1231(pl3deld a) results fromthe activity of gpG then the
doubl e mutant X1231(pH336KBm del Cl a) should elimnate gpG activity by
virtue of the insertional nutation in gene G and no acetylation should be
observed. If, however, the real source dﬁihcetylating activity in - 20-

the inner mannose moieties and outer mannose moieties are linked
to the D-glucuronate mojieties in a beta-{1,4] configuration.

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.

This invention also contemplates processes foi the production
of the polysaccharide polymers described above. The
polysaccharide pqumers of this invention can be made generally by
genetic manipulations of the microbial biosynthetic pathways which
lead to thé production of polysaccharides. In particular,
microbial pathways for the production of xanthan gum may be
manipulated to create an in vivo or in vitro 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.




X1231(pl 3del A a) is the nutant gpFdel, the addition of the gene Ginsertion
shoul d not affect acetylation, and the sane 10% | evel observed in
X1231(pl 3del A a) should be seen in gum produced by the doubl e mutant

strain. The pol ysacchari de produced by strain x1231(pH336KBm del Cl a) was
found to contain no acetate. This proveQGLhat gpG does catal yze acetyl ation
of xanthan and that, in wild-type strains, gpGis responsible for roughly
10% of the total ;aced wfdreBobdadhadts bakaetne df ofesaNRYE Egéneitals dexarydtdon

denonstrates that the target residue for acetylation by gpG (but not gpF)
i s the out emndanhesgolfouimg detailed description are exemplary a
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.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure la shows the BamHI restriction map of a 16 kb region

of the chromosome of X. campestris that contains a cluster of

twelve genes required.for biosynthesis of xanthan and also shows
the approximate locations 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 F of the gum gene cluster.

Figure 3a shows the structure of plaswmid pl3delCla derived
from pRK290-H336 by in vivo insertion of transposon TnKl2 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 F.
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xant han repeating unit and that this acetylation is enhanced when
pyruvyl ati on of the outer mannose is blocked. Mutations in gene L (Figure
| a) of the xanthan biosynthetic gene cluster were previously shown to

i nactivate the ketal ase enzynme whi ch catal yzes pyruvyl ati on of the outer
mannose. Miutants | acking gpL activity produce xant han gum devoi d of
pyruvate. However, initial studies of s4@h nutants reveal ed that these
non- pyruvyl ated pol yners contai ned unusual ly high | evels of acetate,
generally ~f 0.8 acetate/ mannose. Thus, the outer nmannose can be

efficiently acetryhared3mwharoysy ey lsariohuire o rmtassdd] pHBB oERddedRdaf urt her
studi es have shown that this o -
which is similar in structure to pl3delCla, containing the same
660 base pair deletion within gene F. This plasmid contains an
insertion mutation (KBml) at the BamHI site within gene G. 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 schematic
representation, of the repeating unit of the polytetramer variant

of 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 through M. pHA3KBm2delCla
contains the gene F deletion mutation described in Figure 2 and an
insertion mutation in the BamHI site of gene X. The insexted DNA
is again a BamHI restriction fragment of pCU4-K which carries a

gene conferring kanamycin resistance.

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.
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acetylation is catal yzed by gpG and not gpF. In order to exam ne the

I nteraction of the two acetylase genes with the ketal ase gene and each

ot her, a set of eight mutant -21- strains conprising all conbinations of
nmutations in gene F (Acetylase I), gene G (Acetylase I1), and gene L

(Ket al ase) were constructed. The vari ous__ec_onbi nations of nutations were
constructed on plasm d pRK290- H336 whi ch contains the entire gum

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.

DETAILED DESCRIPTION OF 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.

The polysaccharide polymers of the present invention have
been described in detail above. These polysaccharide polymers can

be produced in vitro with a cell-free enzyme system or can bhe

produced in vivo by growing cells of an appropriate mutant strain.
Other means of preparing the polysaccharide polymers are also
described below.

In Vitro Polxsaécharide 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.
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gene cluster. The gene F nutation enployed in these constructions is the
in-franme deletion within this gene. As described above, this deletion

el i m nates 660 base pairs between the Clal sites |ocated within gene F. The
deleted DNA falls entirely within the codi ng sequence of gene F, and no
foreign DNA is inserted. Thus, the del et-i%n renoves a | arge portion

(approxi mately 66% of the gene but does not alter the readi rame since
the nunber of bas&opaitis aeretedopsfirdomeyhafvitdisid HE= © Rg"frfﬁ?ant gpF

produced by this deletion | Rdeh)st Sq eSSk NG 220 aps | out
0 2 total of VIeE™ b ERE TS deePhe R ek QRO & HieRaRaRtile:
the genus Xanthomonas, preferably Xanthomonas campestris, in the

presence of a suitable buffer, preferably including EDiA,-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 thereof.

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
incubated with the appropriate substrates, which, depending on the:
gunm desired, may include UDP-gluccse, 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 elminating 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. Such mutant-derived cell lysates would
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transl ational stop coupled to the start of Gremain unaltered. The
elimnation of two-thirds of the am no acid residues of gpF was shown above
to elimnate gpF activity. The gene G nmutation used in these nutants is an
insertion (KBnl) within gene G at a BanH site that interrupts the coding
sequence of gene G The inserted DNA is a restriction fragnment containing
the 1.3 kb Kan[err] DNA segnent of plasti@ pUC4- K as described by Vieira,

J. and Messing, J., in Gene 19:259-268 (1982), which is ultimtely derived
fromthe kaﬁé‘?ﬁ}/‘t‘f% thesver it %@ﬁedﬁ?cf’r%ﬁ%%§8h“Tn‘§’Cf§‘erTﬁ}éegsé?@ to

mitations uggd WELE ;Qf EWO4ld/RES th@WRutsti¥h in combination with a withheld

substrate,

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 chromatoéraphy.

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

The involvement of lipid carriers, specifically isoprencid
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.
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insertion of transposon TnK12 within the coding region of gene L. -22-
The second type is derived fromthis insertion by deletion of a 3 kb

H ndl Il fragnment of TnK12 which carries the genes encoding resistance to
kanamycin and streptonycin. In this TnK12 del etion nutation, an insert of
kb of TnK12 DNA still remains within the gene L codi ng sequence and this
results in insertional inactivation of thélgene L product.

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 produce other altered polysaccharides.

In Vivd'Polxsagcharide Synthesis

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

Furthermore, for whole cells to synthesize non-acetylated
xanthan gum, a means of blocking the acetylation of either the
inner or outer mannose during xanthan 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 pyruvylation
~teps would be required. In one embodiment of the present
invention, mutagenesis was employed to alter some of the genes
responsible for these various reactions.

Transposons, including but not limited to Tnl0, TnK12 (Tnlg
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
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The various conbi nati ons of these nutations were constructed on plasmd
pRK290- H336 using in vitro reconbi nant DNA technol ogy. The ei ght nutant

pl asm ds obtai ned were then conjugally transferred fromE. coli into X
canpestris strain X1231 which contains the deletion nutation that
elimnates the entire gumgene cluster fromthe chronosone. The 8 resulting
strains X1396- X1403 (Table 1) were thenl@&ral yzed for pol yner production.

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, bﬁf 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 Xanthonomasg 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 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. 333,868 of Capage et al., entitled "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




-23- Table 1 Genotype Strain Acetyl ase | Acetyl ase |
Ket al ase X1396[ err] + + +
X1397 + + b X1398

+ C + X1399 +

c d X1400 e +

+ X1401 e ~13+ b X1402
e C + .

Experiments in Molecular Genetics (1972); Davis, R.W., Bostein, D,

and Roth, J.R. in Advanced Bacterial Genetigs (1980); and

Manjatis, T., Fritsch, E.F. and Sambrook, J. in Molecular Cloning

(1982), Cold Spring Harbor.

Alternatively, appropriate mutants can be detected by
assaying the culture broth of each mutant for the presence of the
Aesired polysaccharide, e.g., xanthan gum which has the ouger
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 outer mannose (X1397), aceéylated at the inner
mannose and pyruvylatéd at the outer mannose (X1398), acetylated
at the innér mannose and unmodified at the outer mannose (X1399),
unmodified at the inner mannose with a portion of the outer
mannose moieties pyruvylated and a portion acetylated (X1400),
unmodified at the inner mannose and acetylated at the outer
mannose (X1401), and unmodified at the innexr 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, res@ectively.

It is not beyond the scope of the invention to employ enzyme

inhibitors of Acetylase I, Acetylase II and Ketalase to arrive at
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X1403 e c d[err]

Wl d-type, carries TnK12 insertion within pRK290 portion of the plasmd
[err] TnK12 insertion nutation Kan[err] fragment insertion nutation [err]
TnK12 del etion derivative insertion nmutation [err] in-franme, non-polar

del etion nutation - 24-

~14-

the same products. Still other alternatives for producing this
family of polysaccharides are contemplated, including 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 carbén 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 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,
potassium, 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 aerobically by
supplying air or oxygen so that an adequate level of dissolved
oxygen is maintained, for example, above about 10% of saturation.
Preferably, the level is kept above about 20%. The pH often is

maintained at about 6.0 to 8.0, preferably at about 6.5 to 7.5.
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Al'l strains were grown in 50 ml each FXC-RAH 1 nediumat pH 7.0 that
contained: 3.2 g/l NZ-amne AS 1.7 g/l MSo[err].7Herr]O 0.7 g/l

KH err]PJ err] 40 g/l glucose 19.5 g/l (2-(Nnorpholino) ethane sulfonic
acid) 5-10 ng/| kanamycin 1 ng/l Tetracycline (where applicable) in 300 m
baffl ed shake flasks. Tenperature was maintained at 30'C. After

approxi mately 60 hours of incubation, thes<culture

The polysaccharides of the present invention can be recovereq
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. Alterntively, 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 known additives may
also be used in combination with these solutions to further
enhance oil recovery. Such additives include, for example,
surfactants, alkaline agents oxr 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 nuds, printing inks, and the
like and as a gelling agent. 1In 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
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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 m nutes at
10'C. Guns were precipitated fromthe supernatants by the addition of 2-3
vol unes of 2-propanol and collected by centrifugation using the conditions
described previously. The precipitates were then rehydrated in 100-300 m
of 20 mM Nadl and the precipitations repeabed. The guns were finally
rehydrated in 100 mM distilled Herr] O each. Sanples of each were
subsequent |spegilffigably abpFICratedoheyest i PY KPA9"EPFPO for four days with

daily Herr]O changes in 12,000 - 14,Qggﬁﬁgggytoff cel l ul ose tubing.

Triplicate sanples of each purified hen
This example demonstrates that there are two X.

campestris genes which encode enzymes that catalyze acetylation of
xanthan gum.

Capage et al., U.S. patent application Serial
No. 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 F (see Figure la), caused by
transposon insertion, resulted in production of xanthan gum that
contained no detectable acetate. Insertion mutations in gene G
did not result in any obvious defect in xanthan gum biosynthesis.
Mutants with gene G defects produced high levels of xanthan gum,
and this gum contained all of the normal constituents of xanthan
in approximately normal molar ratiocs. On the basis of these
initial results, it was concluded that gene F encoded an enzyme
that catalyzed the known acetylation of the inner mannose of
xanthan, while the activity of the gene G 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 G
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concentrated 3-4-fold by vacuumdrying and hydrolyzed in 2 M
trifluoroacetic acid at 120'C for 2-1/2 hours. After neutralization with
1.2 MNa[err]CJerr], the hydrol ysates were filtered through 0.45 mm
filters and ready for analysis by high- performance |iquid chronmatography
(HPLC). The anal yses were perforned using a Beckman HPLC equi pped wth an
Am nex HPX-87H i on exclusion colum (3Q0i-x- 7.8 nm. Organic acids were
detected by ultraviol et absorbance at 214

were subsequently reexamined, and the compositions of xanthans
produced by these mutants were 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 performed 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
observation that transposon insertion mutations in gene F resulted
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 F reduced or eliminated the
expression of gene G as a result of so-called "polar" effects.
Insertions of Tnl0 generally reduce expression 6f genes located
downstream, in terms of transcription, from the insertion site as
reported by Kleckner, N. et al., in J. Mol. Bio. 87:561-575
(1975). Morxeover, the 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 (1§80). 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
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nm Refractive index was used to detect neutral sugars. The colum was run
Isocratically with 0.01 NHerr]SOJerr] as the nobile phase at a flow rate
of 0.6 mM/mnute at 45 C. The nolar ratios of the conponents in each
hydrol ysate were cal cul ated using a series of calibration curves based on
peak areas for each sugar and organic acid. The nolar ratios of acetate and
pyruvate to mannose are shown in Table 2189able 2 Ml ar Ratios of Acetate
and Pyruvate to Mannose Acetate/ Pyruvate
eliminate, 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 révealed that
the translational stop of gene F does overlap the translational
start of gene G, i.e., the two are “coupled" (see Figure 1b).
Moreover, the sequence of the translational initiation signal for
gene G is not particularly strong, which suggests that. the
translational coupling might play a significant role in gene G
expression. To test this hypothesis, a deletion mutation {as
shown in Fig. 2) was constructed within the cod;pg sequence of
gene F. This deletion eliminated 660 base pairs between the Clax
gites within gene F. The deleted DNA falls entirely within the
coding sequence of gene F, and no foreign DNA is inserted. Thus,
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. Tpe mutant gpF produced
by this deletion mutation (gpFdel) is missing 220 amino acids out
of a total of 364, but the translational start of gene F and the
gene F translational stop, coupled to the start of gene G, 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




Strain Acetylase | Acetylase II Ket al ase Mannose Mannose X1396

+ + + 0. 66 0. 43 X1397 +

+ 1.01 0.00 .1398 +

+ 0. 63 0. 36 X1399 +

0.51 0. 00 X1400 - + + 0.10
0. 39 X1401 + —l9— 0. 47 0. 00
X1402 - 0. 00 0. 37 _X1403

- gum .gene cluster and an lnsertlenoaf transposon Tnl0 dellé dell?
0.00 KanR described by Way et al., in Gene 32:369-379 (1984) and here
termed TnK1l2, located within the vector position of the plasmid.
The TnK1l2 insertion provides convenient drug resistarces 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 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 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
aqtivity 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 F Clal deletion mutation and an insertion
mutation (KBml) in gene G. The double mutant plasmid
pH336KBmldelCla was transferred into strain X1231, and the
polysaccharidé produced was analyzed. If the low level
acetylation 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 G, and no acetylation should be

observed. If, however, the real source of acetylating activity in
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-26- The follow ng key observations about the data presented in Table 2 can
be made. 1. The 660 bp deletion in gene F inactivated the gene F protein
(Acetylase 1). See X1402 vs X1398. 2. The gene G protein (Acetylase I1)
acetyl ated xanthan and at a much reduced | evel conpared to wld-type when
Ket al ase was active. See X1400 vs X1396, described in Ex. 4. 3. | f
Ket al ase was inactivated, acetylation »®20-

X1231(pl3delCla) is the mutant gpFdel, the addition of the gene g
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(pH336XBmldelCla) was found to contain no acetate. This
proved that gpG does catalyze acetylation of xanthan an& 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 L (Figure la) of the xanthan
biosynthetic gene cluster were previously shown to inactivate the
ketalase enzyme which catalyzes pyruvylation of the outer mannose.
Muténts 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 “f 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




Acetylase Il increased dramatically (X1400 vs X1401), described in Ex. 4.
4. The extent of acetylation by Acetylase | did not increase in response

to the inactivation of Ketal ase.

See X1398 vs X1399, described in Ex. 4. 5.

Pyruvyl ation did not vary significantly regard- |ess of the extent of

acetyl ation.

See X1396, X1398, X1400, angd X1402, described in Ex. 4. These

data indicate that the gene G protein (Acetylase Il) catalyzes the

acetylatloné%f

ra&gg gé&ELDQinénylﬁoEgmginééqgﬁﬁﬂbf mutations in gene F
(Acetylase I), gene G (Acetylase II), and gene L (Ketalase) were
constructed. The various combinations of mutations were
constructed on plasmid pRK290-H336 which contains the entire gum
gene cluster.

The gene F 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 F. The deleted DNA falls entirely within the coding
sequence of gene F, and no foreign DNA is inserted. Thus, the
deletion removes a large portion (approximately 66%) 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 (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 G mutation used in these mutants is an
insertion (KBml) within gene G at a BamHI site that interrupts the
coding sequence of gene G. The inserted DNA is a restriction

fragment containing the 1.3 kb Kgnr

DNA segment of plasmid pUC4-X
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 Tn903.

The gene L mutations used were of two types. One is an

insertion of transposon TnKl2 within the coding region of gene L.
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This appears to occur to a limted extent when Ketal ase is active, but

I ncreases dramatically in Ketal ase nutants. These data indicate that
pyruvyl ati on bl ocks acetyl ati on, but the converse is not true since

pyruvyl ation didn't change significantly regardl ess -27- of the |evel of
acetylation. The gene F protein (Acetylase |I) catalyzes the acetyl ation of
the internal mannose only, and previous daga for polytrinmer and

pol ytetraner variants of xanthan

The second type is derived from this insertion by deletion of a 3
kb HindIII fragment of TnK12 which carries 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 L coding sequence and this results in insertional
igactivation of the gene L product.

The various combinations of these mutationéhweré
constructed on plasmid pRK290-H336 using in vitro recombinant DNA
technology. The eight mutant plasmids obtained were then
conjugally transferred from E. ceoli into X. campestris strain
X1231 which contains the deletion mutation that eliminates the
entire gum gene cluster from the chromosome. The 8 resulting
strains X1396-X1403 (Table 1) were then analyzed for polymer

production.
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U S. Patent No. 4,713,449 and U.S. Application Serial No. 844,335 have
shown that Ketal ase catal yzes the pyruvylation of the external mannose
only. EXAMPLE 3 This exanpl e denonstrates that gpG (Acetylase I1) does not
catal yze acetylation of the inner mannose of the xanthan repeating unit.
Gene | of the gum gene cluster encodes Transferase V (Figure 1), the enzyne
t hat adds mannose to the lipid-linked tets2asaccharide internediate in

xant han bi osynthesis. This systemis described in U S. Patent No.

4,713,449. Mutations that

Table 1
Genotype
Strain Acetylase I Acetylase II Ketalase
X1396% + + : +
X1397 + + . b
X1398 + c 4
X1399 * € 4
X1400 _® + +
X1401 € + b
X1402 & © +
X1403 ® ¢ | d
a wild-type, carries TnK12 insertion within PRK280
portion of the plasmid
b

™RK1l2 insertion mutation

€ gan® fragment insertion mutation

d T™nK1l2 deletion derivative insertion mutation

€ in-frame, non-polar deletion mutation
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I nactivate gene | lead to the synthesis of a lipid-linked tetrasacchari de.
This tetrasaccharide repeating unit is polynerized to yield pol ytetraner
gum which contains the internal mannose in its normal |inkages but |acks

t he outer mannose nornally found on xanthan gum (Figure 4). A double mutant
pl asm d, pKBnRdel G a, was constructed which contains an insertion nutation
within gene | and the O al deletion nut-sg4-on within gene F (see Figure 5).
The doubl e nmutant plasm d pKBnRdel Cla was transferred into the X

canpestris ge| egg(%r}n%t LRKR AP0 Mhidh oBEAKNEXOMM-GURAL0RSa8 AN G I N

Its chronpbsone. es B and”C are provided by the chronosone since the
mut ant pl asthée ERidaieedd:

3.2 g/l N-Z-amine AS
1.7 g/l MgSo, . 7H,0

0.7 g/l KH,PO,

2

40 g/l glucose

19.5 g/l (2-(N-morpholino) ethane sulfonic acid)

5-10 mg/l kanamycin
1 mg/l Tetracycline (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-propancl 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 H20 each. Samples of each were subsequently
dialyzed against 4 1 of distilled HZO for four days with daily Hzo
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

trifluorcacetic acid at 120C for 2-1/2 hours. After

neutralization with 1.2 M Na2CO3, the hydrolysates were filtered
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-28- from pRK290- HA3, does not carry B or C but contains all the remaining
gum genes, D through M The resulting strain, X1106(pKBnRdel C a) or X1419,
was anal yzed for polymer conposition twi ce. Both analyses failed to detect
acetate in the polynmer. This result shows that Acetylase Il cannot
acetylate the internal mannose of the polytetramer to any significant
degree. In this mutant strain, Acetylasezgf Is active because gene Gis not

through 0.45 mim filters and ready for analysis by high-
performance liquid cﬁromatography (HPLC).

The analyses were performed using a Béckman HPLC
equipped with an Aminex HPX-87H ion exclusion column (300 x 7.8
mm). Organic acids were detected by ultraviolet absorbance at 214
nm. Refractive index was used to detect neutral sugars. The
column was run isocratically with 0.01 N H,80, as the mobile phase
at a flow rate of 0.6 ml/minute at 45°C. |

B The molar ratios 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/ Pyruvate
Strain Acetylase I Acetylase II Ketalase Mannose Mannose

X1396 + + + 0.66 0.43
X1397 + + _ 1.01 0.00
.1398 + _ + " 0.63 0.36
X1399 + _ _ 0.51 0.00
X1400 - + + 0.10 0.39
X1401 - + _ 0.47 0.00
X1402 - - + . 0.00 0.37
X1403 - - 0.00 0.00

REPLACEMI T Skl

15 MAY 1997

s w2 - o el



nmut ated and the gene F nutation is the non-polar Cal deletion which has
been shown above not to affect the expression of gene G EXAMPLE 4 This
exanpl e describes the repeating units that conprise the pol ysaccharide
famly that can be produced by genetic control of acetylation and
pyruvyl ati on of the pentasaccharide repeating unit of xanthan gum The
structures of these repeating units are_ghown in schematic formin Figure

6. (a) WIld-type (X1396); Acetylase | , Acetylase |

xanthan is extensively acetylated at the inner

[err], Ketal ase Normnal

The following key observations about the data presented in

Table 2 can be

made.

The 660 bp deletion in gene F inactivated the gene
F protein {Acetylase I). See X1402 vs X1398.
The gene G protein (Acdetylase 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.

I1f Ketalase was inactivated, acetylation by
Acetylése 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 regard-
less of the extent of acetylation. See X1396,
X1398, X1400, and X1402, described in Ex. 4.

These data indicate that the gene G protein (Acetylase

II) catalyzes the acetylation of the external mannose of xanthan.

Th;s 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

REPLACEMEN]
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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 heterogeneous with respect to nodifications of the
outer mannose, containing either pyruvate or acetate. -29- (b) L
(X1397); AcetylaSe I[err], Acetylase |I[€%],

of the level of acetylation. The gene F protein (Acetylase rI)
catalyzes the acetylation of the internal mannose only, and
previous data for polytrimer and polytetramer varian;s 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.
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 system
is described in U.8. Patent No. 4,713,449. Mutations that
inactivate gene I lead to the synthesis of a lipid~linked
tetrasaccharide. This tetrasaccharide repeating unit is
polymerized to yvield polytetramer gum, which contains the internal
mannose in its normal linkages but lacks the outer mannose
normally found on xanthan gum (Figure 4). A double mutant
plasmid, pKBm2delCla, was constructed which contains an insertion
mutation within gene I and the Clal deletion mutation within gene

F (see Figure 5). The double mutant plasmid 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
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Ket al ase[err]. This polynmer contains no pyruvate and as a result is
extensively acetylated at the outer mannose residue. The inner mannose
residue is highly acetylated as in wild type. (c) Herr] (X1398);. Acetyl ase
| , Acetylase ll[err], Ketalase[err]. 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 i-80 acetylation of the outer
mannose. (d) derr], L[err] (X1399); Acetylase | , Acetyl ase

from pRK290-HA3, does not carry B or C but contains all the
remaininé 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, Acdetylase II is active because gene G is not
mutated and the gene F mutation is the non-polar Clal deletion

which has been shown above not to affect the expression of gene G.
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) Wild-type (X1396); Acetylase I+, Acetylase
II+, Ketalase +,

Normal xanthan is extensively acetylated at the inner
mannose residue and is frequently pyruvylated on the ocuter mannose
reéidue. 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
heterogeneous with respect to modifications of the outer mannose,

containing either pyruvate or acetate.
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ll1[err], Ketalase[err]. This polyner has the high | evel wld-type
acetylation of the inner nmannose, but the outer mannose.is unnodified. (e)
F (X1400); Acetylase I[err], Acetylase Il[err], Ketalase[err]. The inner
mannose of this polyner is unnodified, while the outer mannose is nodified
as in wld-type. That is, the outer mannose in generally pyruvyl ated, but a
significant fraction of the outer mannos29resi dues are acetyl ated i nstead.
(f) F[err], L[err] (X1401); Acetylase I[err], Acetyl ase

(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 residue is highly acetylated as in wild type.

(c) G (X1398); Acetylase 1%, 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
rannose. _

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

I1”, 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 11v,
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 mannose residues are acetylated instead.

(£) P, L (X1401); Acetylase I , Acetylase
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-30- Il[err], Ketalase [err]. This polynmer contains an unnodified inner
mannose. The outer mannose is not pyruvylated but is heavily acetyl ated.
(g) Flerr] , Herr] (X1402); Acetylase I[err], Acetylase ll[err],

Ket al ase[err]. This polyner is not acetylated at either the inner or outer

mannose residues. Pyruvylation of the outer mannose occurs normally as in
wi | d-type. -30-

II+, Ketalase .

This polymer contains an unmodified inner mannose. The outer

mannose is not pyruvylated but is heavily acetylated.
(g) F~, G~ (X1402); Acetylase I”, Acetylase
117, Ketalase' .

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

(hy F, 67, L™ (X1403); Acetylase I ,
Acetylase II~, Ketalase .

This polymer contains no acetate or pyruvate. Neither the
inﬁer nor the outer mannose residues are modified.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the processes and
products of the present invention. 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.
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(h) Flerr], derr] , L[err] (X1403); Acetylase I[err], Acetylase Il[err],
Ketal ase[err]. This polyner contains no acetate or pyruvate. Neither the

i nner nor the outer nmannose residues are nodified. It M“mmﬂ Iﬂﬁﬁntm“
those skilled in the art that various nodifications an

made in the processes and products of the present inventtofi. Thu$,

I ntended that the present invention covet3the nodifications and varlatlons

of this invention provided they cone mnthln t he scope of the appended
clai ms and d:hehds equi val ents.

1. A composition comprising a water;soluble polysaccharide
polymer having a D-glucose:D-mannose:D-glucuronic acid ratio of
about 2:2:1, wherein the D-glucose moieties are linké& in a beta-
{1,4] configuration, inner D-mannose moieties are linked in an
alpha-{1,3] configuration generally to alternate glucose moieties,
the D-glucuionic acid moieties are linked in a beta-{1,2]
configuration to said inner mannose moieties, and outer mannose
mojeties are linked to said glucuronic acid moieties in a beta-
f1,4] configuration.

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

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

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

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

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

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

8. A process for preparing the polysaccharide polymer of
claiﬁ 1 comprising:

inoculating a suitable growth medium with a

microorganism of the genus Xanthomonas which is capable of

This Sheet Has Been Replaced
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Clainms 1. A water-sol ubl e pol ysaccharide polymer having a D-

gl ucose: D- mannose: D- gl ucuronic acid rati o of about 2 mm&
D-glucose noieties are linked in a beta-[1, 4] conflg

D-mannose noieties are linked in an alpha-[1, 3] conflguratlbn generally to
alternate glucose noieties, the D glucuronic acid noieties are linked in a
beta-[1,2] configuration to said inner raAnose noieties, and outer nmannose
noi eties are linked to said glucuronic acid noieties in a beta- [1,4]
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
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.
9. A process for preparing the polysaccharide polymer of
claim 2 comprising:

inoculating a suitable growth medium with a

microorganism 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

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

10. A process for preparing the polysaccharide polymer of

claim 3 compiising:

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.
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configurati
sai d i nner
of claim1l,
acet yl at ed.
sai d outer
pol ynmer of

on, wherein the outer mannose noieties are not acetylated and
mannose noi eties are acetylated. 2. The p. g | ymer
wherein a |l arge portion of said inner manH @m\ﬂmm@

3. The pol ysaccharide polyner of claim 1% I nwa portion of

mannose noi eties are pyruvyl ated. 4. The pol ysacchari de
claim3, wherein substantially3zall of said outer nannose

noi eties are pyruvylated. 5. The pol ysacchari de pol yner of claim 4,

wherein sa

Ll
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d outer nmannose noieties are pyruvyl ated. )
11. 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 suitable
temperature, pH and dissolved oxygen level for a time sufficient
to produce the polysaccharide polymer of claim 4.

12, A process for preparing the polysaccharide polymer of

claim 5 comprising:

inoculating a suitable growth medium with a

microorganism of the genus Xanthomonas which is capable of

synthesizing the polysaccharide polymer of claim § that is
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 produce the polysaccharide polymer of claim 5.

13. A process for preparing the 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
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6. The pol ysaccharide polymer of claim11l, wherein said outer mannose

noi eties are not pyruvylated. 7. A wat er - sol ubl e pol ysac

having a D gl ucose: D-nannose: D-gl ucuronic acid rati ﬁ i‘m%
wherein the D glucose noieties are linked in a beta- Isguprat i on,
I nner D-mannose noieties are linked in an al pha-[1, 3] conflguratlon
generally to alternate glucose noieties-3he D glucuronic acid noieties

are linked in a beta-[1, 2] conflguratlon to said i nner mannose noi eti es,
and outer mannose noimtulestimgesaid inoculated growth medium at a suitable

temperature, pH and dissolved oxygen level for a time sufficient
to produce the polysaccharide polymer of claim 6.
14. 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 ocuter 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.

15. The process of claim 8, wherein said microorganism is a
Ketalase, Acetylase I, and Acetylase II deficient mutant of
Zanthomonas campestris.

16. The process of claim 8, wherein said microorganism is a
Ketalase and Acetylase II deficient mutant of Xanthamonas
campestris.

17. The process of claim 10, wherein said microorganism is a
Ketalase deficient mutant of Xanthomonas campestris.

18. The process of claim 11, wherein said microorganism is
an Acetylase I deficient mutant of Xanthomonag campestris.

19. The process of claim 12, wherein said microorganism is
an.Acetylase II deficient mutant of Xanthomonas campestris.

20. The process of claim 13, wherein said microorganism is

an Acetylase I and Acetylase II deficient mutant of X campestris.
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| inked to said glucuronic acid noieties in a beta- [1, 4] configuration,
wherein said i nner mannose noi eties are not acetylate i f

sai d outer mannose noieties are acetylated. 8. The ﬂmmﬂMﬁmnml yner
of claim7, wherein a portion of said outer mannose norties are s »

pyruvyl ated. 9. The pol ysaccharide polyner of claim7, wherein said outer
mannose noi eties are not pyruvyl ated. 10.“%\5”process for preparing a

wat er - sol ubl e polysa ri I i . . . .
D- gl ucose: D- _man_n%)%l'e: ([;)ﬂtg%a c%?:g%gcxgggl ?&ellt}img’ %Peggéﬁt 5819 Bioxaoraanisy pis
D-gl ucose nmahehb&EyBife I and Ketalase deficient mutant of X_campestris.
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- 32 - | inked in a beta- [1,4] configuration, inner D mannose noieties
are linked in an al pha-[1,3] configuration generally to alternate gl ucose
noi eties, the D-glucuronic acid noieties are linked in a betA-[1, 2]
configuration to said inner mannose noi eties, and outer mannose noi eti es
are linked to said glucuronic acid noieties in a beta-[1,4] configuration,
wherein the outer mannose noieties are neBeacetyl ated and said inner

nMannose noi etles YlRpric CONTROL OF ACETYLATION AND PYRUVYLATION OF
XANTHAN GUM

ABSTRACT

Compositions are provided which include a water-soluble
polysaccharide polymer having a D-glucose:D-mannose:D-glucuronic
acid ration of about 2:2:1. The D-glucose moieties ére 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 moieties are linked in a
beta—-[1,2] configuration to the inner mannose moieties. The ocuter
manose moieties are linked to the glucuronic acid moieties in a
beta~[1,4] configuration. Processes for preparing the

polysaccharide polymers are also provided.
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acetyl ated, said process conprising: (a) obtaining a Xant hanonas which is

i ncapabl e of expressing a functional gene G protein of the xanthan gum gene
cluster; (b) culturing said Xant hanonas under conditions sufficient to
produce said pol ysaccharide polynmer. 11. The process of claim 10, wherein a
| arge portion of said inner mannose noieties are acetylated. 12. The
process of any of clains 10 or 11, wherein a portion of said outer nannose

noi eties are pyruvylated. 13. The processt/&f any of clains 10 or 11,
wherein
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sai d outer
for

mannose noi eties are not pyruvyl at ed.
preparing a water-sol ubl e pol ysacchari de pol yner

14. A process
havi ng a

33 -

D gl ucose: D-mannose: D-gl ucuronic acid ratio of about 2:2:1, wherein the

D-glucose noieties are linked in a beta-

D- mannose noieties are linked in an al pha-

[1,4] configuration, inner

[1,3] configuration generally to

alternate glucose noieties, the D-qucurQ?gc acid noieties are linked in a
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beta-[1,2] configuration to said inner mannose nvoi eties, and outer nannose
noi eties are linked to said glucuronic acid noieties in a beta-[1, 4]
configuration, wherein said i nner nannose noi eties are not acetylated and a
portion of said outer mannose noieties are acetyl ated, said process
conprising: (a) obtaining a Xanthanonas which is incapable of expressing a
functional gene F protein of the xantha ﬂyﬁ]gene cluster; (b) culturing
sai d Xant hanonas under conditions suffici‘ent to produce said pol ysaccharide
pol yner. 15. The process of claim 14, wherein a portion of said
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outer mannose noieties are pyruvylated. 16. The process of claim 14,
wherein said outer mannose noieties are not pyruvylated. - 34 - 17. The
process of any of clains 10, 11 or 14, wherein said Xanthononas is

Xant hononas canpestris. 18. The process of claim 14, wherein said

Xant honmonas is an acetylase | deficient nutant of Xanthononas.
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19. The process of claim 14, wherein said Xanthononas is an acetyl ase |

ket al ase deficient nutant of Xanthonpnas.
10 or
Xant hononas. 21.
Xant hononas is an acetyl ase |1

11, wherein said Xant hononas is an acetyl ase |1
The procees of any of clainms 10 or
and ketal ase deficient nutant of

and
20. The process of any of clains
deficient nutant of
11, wherein said

Xant hononas. - 35 -
5/5
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Claims !
: afifn

1. A water-soluble polysaccharide polymexr having a D-
glucose:D-mannose :D-glucuronic acid ratio of about 2:2:1, wherein
the D-glucoge moieties are linked in a beta-({%,4] configuration,
inner D-mannose moieties are linked in an alpha-[1,3]
configuration generally to alternate glucose moleties, the D-
glucuronic acid moleties are linked in a beta-[1,2] configuration

to said inner mannose moleties, and cuter mannose moleties are

linked to said glucuronic zcid meieties in a beta-[1,4]

Y

configuration, wherein the outer wmanncse moletiles are not

acetylated and said inner mannose woletles are acetylated.

2. The polysaccharide polymer of claim 1, vherein a

large portion of said inner mannose moleties are acetylated.

3. The polysaccharide polywmer of claim 1, wherein a

portion of said outer manncse moieties are pyruvylated.

4. The polysaccharide polymer of claim 3, wherein

substantially all of said outer mannose moieties are pyruvylated.

5. The polysaccharide polymer of claim 4, wherein

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

cuter mauncse moieties are not pyruvylated.

7. A water-goluble polysaccharide polymer having a D-
glucose:D~mannose:D-glucuronic acid ratic of about 2:2:1, wherein
the D~glucose moleties are linked in a beta-[1,4] configuration,
inner D-mannoge moleties are linked in an alpha-[1, 3]
configuration generally to alternate glucese moieties, the D-
glucuronic acid moieties are linked in a beta-[1,2] configuration
to said inner wmannose moieties, and outer mannose moieties are
linked to said glucuronilc acid moieties in a beta-[1,4]
configuration, wherein sald inner wmannose moieties are not
acetylatéd and a portion of said ocuter mannose moieties are

acetylated.

B. The polysaccharide polymer of claim 7, wherein a

portion of sald outer mannose woitiles are pyruvylated.

9. The polysaccharide polymer of c¢laim 7, wherein

sald outer mannose moletiesg are not pyruvylated.

10. A process for preparing a water-soluble
polysaccharide polymer having a D-glucose:D-mannose:D-glucuronic

acid ratio of about 2:2:1, wherein the D-glucose moieties are
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linked in a beta-[1,4] configuration, inner D-mannose moleties
are linked in an alpha-[1,3] configuration geperally to alternate
glucoge moleties, the D-glucuronic acid moieties are linked in a
beta-[1,2] configuration to said inner mannose meoieties, and
outer mannose moieties are linked to said glucuronic acid
moieties in a beta-[1,4] configuration, wherein the outer mannose
moieties are not acetylated and said inner mannose moleties are
acetylated, said process comprising:

{(a) obtaining a Xspnthamonas which is incapable of

expressing a functional gene & protein of the xanthan gum gene

cluster;
{b) culturing said Xanthamonas under conditions

sufficient to produce said polysaccharide polymer.

11. The process of claim 10, wherein a large portion

of said inner mannose moieties are acetylated.

12. The process of any of claims 10 or 11, wherein a

portion of said outer mannocse wmoieties are pyruvylated.

12. The process of any of ¢laims 10 or 11, wherein

said outer wamnnose moleties are not pyruvylated.
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14, A process for preparing a water-soluble
polysaccharide polywmer having a D-glucose:D-mannose:D-glucuronic
acid ratio of about 2:2:1, wherein the D—glucpse wmoieties are
linked in a beta~-(1,4] configuration, inner D-mannose moleties
are linked in an alpha~{i1,3] configuration generally to alternate
glucose woieties, the D-glucuronic acid moieties are linked in a
beta-[1,2] configuration to gaid inmer mannose wmoieties, and
outer mannose moieties are linked to said glucuronic acid
woieties in a beta-[1,4] configuration, wherein said inner
mannose moieties are not acetylated and a portion of said outer
mannose moieties are acetylated, said process cowprising:

(a) obtaining a Xanthamonas which is incapable of

expressing a functional gene F protein of the xanthan gum gene
cluster;

{b) culturing said Xanthamonag under conditions

sufficient to produce sald polysaccharide polymer.

15. The process of claim 14, wherein a portion of said

outer mannose moieties are pyruvylated.

16. The process of claim 14, wherein said outex

mannose moieties are not pyruvylated.
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17. The process of any of claimeg 10, 11 or 14, wherein

said Xanthowonas is Xanthomonas campestrisg.

18. The process of claim 14, wherein said Xanthomonas

is an acetylase I deficient mutant of Xanthowmonas.

1%. The process of claim 14, wherein said Xanthomonag

is an acetylase I and ketalase deficient mutant of Xanthowonas.

20. The process of any of claims 10 or 11, wherein

said Xapthomonas is an acetylase II deficient mutant of

Xanthowmonas.

21. The process of any of claime 10 or 11, wherein

said Xanthomonas is an acetylase II and ketalase deficient mutant

of Xanthomonas.
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