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P-D(1-2) Glucan was synthesized by Agrobacterium and Rhizobium spp. in vitro with enzymes from the
internal membranes upon the addition of UDF glucose and Mg2+ or Mn2+. An intermediate containing protein
and jP-D(1-2) glucan was formed during the reaction. It could be precipitated with trichloroacetic acid or
separated by polyacrylamide gel electrophoresis under denaturing conditions. After detection with Coomassie
blue or a radioactive substrate, the intermediate appeared as a 235-kilodalton protein. The radioactivity could
be chased with a nonradioactive substrate. All strains that formed I-D(1-2) glucan in vitro formed the
235-kilodalton protein, whereas avirulent, (P-D(1-2) glucan-negative mutants did not synthesize it. Transposon
insertions in the chvB locus of strains ME2 and ME116 did not alter the virulence of the strains. These strains
were able to form P-D(1-2) glucan in vitro and synthesize the 235-kilodalton protein.

Polysaccharides are believed to be involved in the infec-
tion process by which Agrobacterium spp. produce tumors
in dicotyledonous plants and by which Rhizobium spp.
induce the formation of nitrogen-fixing nodules in legumes.
Exopolysaccharide (6, 11), lipopolysaccharide (2, 18), cellu-
lose (13), and ,B-D(1-2) glucan (1, 16) have been implicated.
The last compound is formed by both rhizobia and
agrobacteria (9, 14, 19). Its enzymatic synthesis was re-
ported previously (20). In a previous paper (21) evidence was
presented indicating that P-D(1-2) glucan is synthesized in
Agrobacterium spp. through the formation of a protein-
containing intermediate as follows: UDP glucose + pro-
tein -- protein P-D(1-2) glucan + UDP and protein ,-D(1-2)
glucan -* protein + cyclic P-D(1-2) glucan. These studies
have now been extended to some Agrobacterium mutants
that do not form P-D(1-2) glucan and are not infectious (16).
Chromosomal avirulent mutants mapped in two different
transcriptional units named chvA and chvB (5). They were
defective in plant cell attachment (4, 5), and it was recently
shown that chvB mutants do not produce P-D(1-2) glucan in
vivo (16).

In this paper we report studies on the in vitro synthesis of
,-D(1-2) glucan in Rhizobium meliloti and in avirulent mu-
tants of Agrobacterium tumefaciens and characterize the
protein-p-D(1-2) glucan intermediate by polyacrylamide gel
electrophoresis.

MATERIALS AND METHODS
Organisms and culture media. A. tumefaciens LBA4001

was obtained from P. J. J. Hooykaas, State University of
Leiden, Leiden, The Netherlands (10). All other strains ofA.
tumefaciens studied were described previously (5, 8). Rhi-
zobium meliloti 102F51 was obtained from Nitragin Co.,
Milwaukee, Wis. Agrobacterium strains were grown in 0.5%
tryptone-0.3% yeast extract medium at 28°C with good
aeration for 16 or 20 h (A6w, 1.1 to 1.4). When required,
kanamycin (100 ,ug/ml) or carbenicillin (100 ,ug/ml) was
added to the same medium. Rhizobium strains were grown in

* Corresponding author.
t Dedicated to Luis F. Leloir on the occasion of his 80th birthday,

on 6 September 1986.

yeast extract-mannitol medium (12) at 28°C until the Aw0
was about 0.7.
Enzyme preparation. Permeabilized cells (17) and inner

membranes (15, 21) were prepared as previously described.
Assay. The reaction mixture contained 60 to 90 kcpm of

UDP [U-14C]glucose (320 Ci/mol), 50 mM Tris hydrochloride
(pH 8.2), 10 mM MgCl2, and enzyme (permeabilized cells or
purified inner membranes) in a total volume of 50 ,ul. The
reaction was carried out at 10°C for various times and
stopped by heating at 100°C for 1 min. Centrifugation at
1,500 x g for 10 min yielded a pellet and a supernatant fluid.
The latter was passed through a small DEAE-Sephadex G-25
column (0.6 by 4 cm) and eluted with water. The neutral
labeled products recovered in the percolate contained
mainly ,B-D(1-2) glucan. Radioactivity was determined by
counting aliquots with Bray solution in a liquid scintillator.
The pellet obtained as described above was suspended in 0.5
ml of 5% trichloroacetic acid (TCA) and filtered through a
glass microfiber filter (Whatman GF/C). After being washed
successively with 5% TCA and methanol, the dry filters were
counted with toluene 2,5-diphenyoxazole-dimethyl 1,4-
bis(5-phenyloxazolyl)benzene in a scintillator. Alternatively,
the reaction was stopped by the addition of 1 ml of TCA as
described below for gel electrophoresis.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis.

One-dimensional polyacrylamide gel electrophoresis was
performed on a 5 to 15% polyacrylamide continuous gradient
as described previously (7). Samples of inner membranes
(0.2 to 0.3 mg of protein) were precipitated with 10% TCA
overnight at 5°C, and the pellet obtained by centrifugation
was solubilized by heating at 100°C for 3 min in a cracking
buffer containing 50 mM Tris hydrochloride (pH 6.8), 2%
sodium dodecyl sulfate, 2% mercaptoethanol, 8 M urea, and
bromophenol blue.

Fluorographic detection of radioactivity in polyacrylamide
gels. Radioactivity in the polyacrylamide gels was detected
by the methods described by Bonner and Laskey (3).
HPLC. The neutral reaction products recovered in the

percolate of DEAE-Sephadex chromatography were sub-
jected to high-performance liquid chromatography (HPLC)
on a Lichrosorb-NH2 column 104 (250 by 4.6 mm) (Merck &
Co., Inc., Rahway, N.J.) eluted with acetonitrile-water
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FIG. 1. EcoRl (E) restriction map of the virulence region of A.
tumefaciens. The arrowheads and numbers above the horizontal line
show the locations of Tn5 insertions. The arrowheads below the
horizontal line indicate the locations of Tn3 and Tn3-HoHo inser-
tions. +,Virulent; -, avirulent. The data are from reference 5. kb,
Kilobases.

(70:30). The flow rate was 1 ml/min at 600 lb/in2. Fractions of
0.5 ml were collected, and radioactivity was counted in Bray
solution in a liquid scintillator.

RESULTS

P-D(1-2) glucan synthesis in different A. tumefaciens strains.
It has been reported (16) that P-D(1-2) glucan cannot be
detected in the cells or in the culture fluid of nonvirulent
chvB mutants ofA. tumefaciens. Figure 1 shows the location
of different chromosomal insertions in the chvB locus. In
vitro synthesis was measured with enzymes from such
mutants and wild-type strains. Wild-type LBA4001 and A723
incorporated 4.1 and 2.6 nmol of glucose per h per mg of
protein, respectively, into the neutral soluble fraction.
HPLC of the neutral compounds formed by both strains
showed that more than 80% corresponded to ,-D(1-2) glu-
can, according to its retention time, as compared with a

well-characterized cyclic P-D(1-2) glucan standard prepared
as described previously (20) (retention time, > 30 min). The
product obtained was polydisperse, and its degree of poly-
merization varied from 14 to 25 (20) (Fig. 2a). Mutants
A1020, A1011, A1038, and A1045 incorporated <10% glu-
cose into the neutral fraction, as compared with the wild
type (A723) (Table 1). When the neutral fractions obtained
from the mutants were analyzed by HPLC, only compounds
eluting with a retention time of 5 min were detected; no

P-D(1-2) glucan was detected (results are shown in Fig. 2c for
strain A1020; strains A1011, A1038, and A1045 [data not
shown] gave the same results). Transposon insertion-con-
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FIG. 2. HPLC of the neutral soluble fractions formed by dif-

ferent strains of A. tumefaciens. Neutral soluble fractions (about 4
x 104 cpm) formed by inner membranes of A. tumefaciens A723 (a),
ME2 (b), and ME116 (d) and that (about 6 x 103 cpm) formed by
inner membranes of mutant A1020 (c) were analyzed by HPLC as

described in Materials and Methods.
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FIG. 3. P-D(1-2) glucan synthesis by inner membranes of R.
meliloti. The experiment was carried out as described in Materials
and Methods. (A) Incorporation of glucose into ,-D(1-2) glucan
(neutral fraction). (B) Incorporation of glucose into the protein-,-
D(1-2) glucan intermediate (5% TCA precipitate). , incor-
poration after the addition of 2 mM nonradioactive UDP glucose
(arrow). --- -, control (no addition of UDP glucose).

taining strains ME2 and ME116 (Fig. 1), which are virulent,
had inner membranes as active as those of the wild-type
strain A723 (Table 1), and the reaction products were

identical, as judged by HPLC (Fig. 2b and d). Thus, muta-
tions in the chvB locus that affect virulence impede the
synthesis of P-D(1-2) glucan.

3-D(1-2) glucan synthesis in R. meliloti. Permeabilized cells
of R. meliloti also formed P-D(1-2) glucan in vitro (20).
Purified inner membranes of R. meliloti 102F51 were used to
characterize further the biosynthesis of P-D(1-2) glucan in
this organism. The incorporation of glucose into the soluble
fraction and the 5% TCA precipitate is shown in Fig. 3. After
the addition of nonlabeled UDP glucose (2 mM), the radio-
activity in the TCA precipitate decreased very rapidly at first
and very slowly thereafter. The incorporation of radioactiv-
ity into the soluble fraction after the addition ofUDP glucose

TABLE 1. Incorporation of glucose into the neutral soluble
fraction by different strains of A. tumefaciensa

Glucose
incorporated

Strain Virulenceb Attachmentb (nmol/h per
mg of

protein)

A1011 chvB::TnS - - 0.2
A1020 chvB::Tn5 - - 0.2
A1038 chvB::Tn5 - - 0.2
A1045 chvB::Tn5 - - 0.2
ME2 chvB::Tn3 + + 3.6
ME116 chvB-Tn3::HoHo + + 3.7
A723 (wild type) + + 2.6
LBA4001 (wild type) + + 4.1

a The reaction was carried out for 60 min as described in Materials and
Methods with 0.2 to 0.3 mg of protein from purified inner membranes.

b The virulence and attachment ability of the different strains were previ-
ously reported (4, 5).

J. BACTERIOL.

 on O
ctober 2, 2018 by guest

http://jb.asm
.org/

D
ow

nloaded from
 

http://jb.asm.org/


PROTEIN-P-D(1-2) GLUCAN INTERMEDIATE 949

A
a1 2 3 4 5 6 7 8 9 1011

200.0-

116.0
97.4

66.0-

am. 4 1

.'ri., T'.i... V4

45.0-
36.0-
29.0-

B
1 2 3 456I

24.00_
184

FIG. 4. Polyacrylamide gel electrophoresis of inner membranes
of A. tumefaciens incubated with UDP [14C]glucose. Inner mem-
branes (0.22 mg of protein) were incubated with UDP [14C]glucose,
the reaction was stopped with TCA, and the precipitate was
subjected to gel electrophoresis as described in Materials and
Methods. Proteins were stained with Coomassie blue (A), and
radioactivity was detected by fluorography (B). Lanes 1 to 4
correspond to a chase experiment. After 10 min of incubation, 2 mM
nonradioactive UDP glucose was added, and the reaction was
stopped at 0 min (B, lane 1), 5 min (B, lane 2), 15 min (B, lane 3) and
35 min (B, lane 4). Lanes 5 and 6 correspond to inner membranes
from mutants A1011 and A1045, respectively. Lanes 7, 8, and 9
correspond to three different preparations of A. tumefaciens
LBA4001 inner membranes not incubated with UDP [14C]glucose.
Lanes 10 and 11 correspond to inner membranes from mutants
A1011 and A1045, respectively, not incubated with UDP [14C]glu-
cose. Numbers indicate the molecular masses (in kilodaltons) of
standards (lane a).

slowed down but still increased. This behavior is as expected
for a reaction intermediate and product and was very similar
to that obtained with the inner membranes ofA. tumefaciens
(21).

Identification of the protein-j-D(1-2) glucan intermediate.
The 10% TCA precipitate obtained after 10 min of incubation
of inner membranes of A. tumefaciens LBA4001 under the
conditions described in Materials and Methods was sub-
jected to polyacrylamide gel electrophoresis, followed by an
analysis of radioactivity by fluorography. A radioactive band
of approximately 235 kilodaltons (kDa) was detected (Fig.
4). The position of the radioactive band corresponded to that
of a protein detected by Coomassie blue staining (Fig. 4). As
described previously (21), when the TCA precipitate was
subjected to extensive proteolysis, the radioactivity was
recovered in a glycopeptide containing an oligosaccharide
which was identified as P-D(1-2) glucan. A chase experiment
is shown in Fig. 4. After the addition of nonlabeled UDP
glucose (2 mM), the radioactivity of the 235-kDa protein
decreased rapidly as a function of time. Thus, as previously
described for the radioactivity of the 5% TCA precipitate
(21), the labeled product of the 235-kDa protein behaved as
an intermediate. The 235-kDa protein was searched for in the
purified inner membranes of different strains. Inner mem-
branes prepared from avirulent A. tumefaciens A1011,

A1020, A1038, and A1045 contained no detectable amounts
of the 235-kDa protein after being stained either with
Coomassie blue (Fig. 4 and 5) or by the silver staining
procedure (data not shown). Other differences observable
between LBA4001 and mutants A1011 and A1045 (see the
proteins around 25, 27, and 50 kDa, Fig. 4) were not
observed in experiments in which those mutants were com-
pared with the parental strain A723 (data not shown). No
other major difference was observed in the proteins of the
inner membranes among mutants A1020 and A1038 and the
wild type strain A723 (Fig. 5). After incubation with UDP
[14C]glucose, no radioactivity was found in the position that
corresponds to the 235-kDa protein or any other protein
(Fig. 4 and 5). On the other hand, inner membranes from
strains ME2 and ME116, which form ,B-D(1-2) glucan, had
the same levels of the 235-kDa protein as did the wild-type
strain. Thus, mutations in the chvB locus that lead to
avirulence were defective in the in vitro synthesis of ,-D(1-2)
glucan, probably owing to the fact that they lacked the
235-kDa protein on which the P-D(1-2) glucan intermediate is
built up.
The 235-kDa protein was also searched for in inner mem-

branes of R. meliloti, known to synthesize ,-D(1-2) glucan,
and in Escherichia coli, which does not form this polysac-
charide. The 235-kDa protein was detected in R. meliloti by
Coomassie blue staining, and when these inner membranes
were incubated with UDP [14C]glucose and subjected to
polyacrylamide gel electrophoresis, the 235-kDa protein
became labeled (Fig. 5). On the other hand, the 235-kDa
protein was not present in the inner membranes of E. coli,
and after incubation with UDP [14C]glucose, no radioactivity
was detected in the position that corresponds to the 235-kDa
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FIG. 5. Polyacrylamide gel electrophoresis of inner membranes
of R. meliloti, E. coli, and A. tumefaciens incubated with UDP
['4C]glucose. Inner membranes (0.2 to 0.3 mg of protein) were
incubated for 10 to 20 min with UDP ['4C]glucose and subjected to
polyacrylamide gel electrophoresis as described in the legend to Fig.
4. Proteins were stained with Coomassie blue (A), and radioactivity
was detected by fluorography (B). Lanes: 1, E. coli; 2 and 3, R.
meliloti; 4, A. tumefaciens LBA4001; 5, A. tumefaciens A723; 6,
strain ME116; 7, strain ME2; 8, A. tumefaciens A1038; 9, A.
tumefaciens A1020. Numbers indicate the molecular masses (in
kilodaltons) of standards.
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protein or in any other protein (Fig. 5). These results further

emphasize the role of the 235-kDa inner membrane protein in

the synthesis Of P-D(1-2) glucan.
In experiments in which the formation of the protein-p-

D(1-2) glucan intermediate was measured after incubation

with UDP ['4C]glucose, it was observed that the inner

membranes of nonvirulent strains A1011 and A1045 formed

a certain amount of a radioactive TCA-insoluble compound.
This substance was formed more slowly than was the

protein-P3-D(1-2) glucan intermediate obtained with wild-

type inner membranes. It increased for about 1 h at 10'C and

faster at 300C. In contrast, the protein-P-D(1-2) glucan

intermediate formed rapidly, reached the maximum, and

then decreased. Another difference was that while the

protein-p3-D(1-2) glucan intermediate decreased upon the

addition of nonlabeled UDP glucose (21), the compound

formed by the mutants remained constant after a chase with

UDP giucose.

On the other hand, the products of partial acid hydrolysis

of the labeled TCA-insoluble compounds accumulated by

the mutants were different from those of the wild type.The

protein-p-D(1-2) glucan intermediate obtained from the wild-

type strain produced glucose, sophorose, and higher

homologs on paper chromatography (21), while galactose, a

small amount of glucose, and slower-running compounds
were recovered from mutants. Thus, it seems that the

radioactive TCA-insoluble compounds formed by the mu-

tants were not related to P-D(1-2) glucan synthesis. They

were not studied further.

DISCUSSION

We previously provided evidence indicating that the syn-

thesis Of P-D(1-2) glucan in Agrobacterium spp. proceeds

through the formation of a protein-bound intermediate (21).

The results presented here show that the protein-p-D(1-2)
glucan intermediate is a 235-kDa protein. A chase with

nonlabeled UDP glucose of the pulse-labeled 235-kDa pro-

tein showed that it behaves as an intermediate. Similar

events occurred with R. meliloti. The 235-kDa protein can be

stained with Coomassie blue and becomes labeled during
incubation with UDP [14C]glUCose. On the other hand, inner

membranes prepared from E. coli, a bacterium that does not

form 13-D(1-2) glucan, lack the 235-kDa protein.
The parallelism between the ability to synthesize t3-D(1-2)

glucan and the presence of the 235-kDa protein was further

investigated with avirulent mutants ofA. tumefaciens. It was

recently shown that Tn5 insertions in the chvB chromosomal

locus lead to avirulent, attachment-defective mutants (5, 8)

that do not produce P-D(1-2) glucan in vivo (16). Inner

membranes purified from mutants A1011, A1020, A1038, and

A1045 incubated with UDP [14Ciglucose were found to form

no P-D(1-2) glucan, as judged by the results of HPLC.

Polyacrylamide gel electrophoresis of the inner membrane

proteins showed that none of the mutants contain the

235-kDa protein. Furthermore, no radioactivity accumulated

in the position that corresponds to that of the 235-kDa

protein or in any other protein after incubation with UDP

[14C]glucose.
Two transposon insertions in the chvB region produced a

wild-type virulence response (5) (Fig. 1, strains ME2 and

ME116). Inner membranes prepared from strain ME2 or

ME116 incorporated [,4C]glCose into 13-D(1-2) glucan at

rates comparable to those of the wild-type strain. Polyacryl-
amide gel electrophoresis of the inner membrane proteins
showed that the 235-kDa protein was present and became

labeled after incubation with UDP [14C]glucose. These re-
sults further emphasize the correlation between P-D(1-2)
glucan synthesis and the presence of the 235-kDa protein in
the inner membranes. The insertions in strains ME2 and
ME116 map on the right half (5') and left half (3') of the chvB
locus, respectively (Fig. 5); accordingly, the operon may be
divided into at least three genes. For a discussion of the
nonpolar effects of transposon insertions, see reference 5.
This implies that there is no room for the codification of the
235-kDa protein within the chvB region, which is 5 kilobases
long. A possible interpretation is that this region codifies for
regulatory functions required for the synthesis or insertion
or both of the 235-kDa protein in the inner membrane.
Another possibility is that the apparent molecular mass of
the 235-kDa protein is an artifact, owing to the fact that it is
glycosylated. This seems to be less probable since the
protein migrated as a sharp band without any smearing that
could suggest a variable degree of glycosylation and since
the protein eluted in the void volume of a column of
Sephadex G-200 with a buffer containing 1% sodium dodecyl
sulfate (data not shown), suggesting a molecular weight
higher than 200,000. Chromosomal mutations lying in the
chvB region affect the ability of A. tumefaciens to adhere to
plants, with loss of virulence. These mutations also result in
an inability to form P-D(1-2) glucan in vivo and in vitro and
to synthesize the 235-kDa protein intermediate. The mutants
are also nonmotile because they no longer have flagella (4)
and are no longer able to conjugatively transfer plasmid
pAgK84 (A. Kerrs, unpublished results). Thus, chvB mu-
tants are pleitropic. If this region codifies for positive regu-
lators, as suggested above, a complex phenotype would be
expected. These regulators may control the expression of a
set of genes required for infection, among which P-D(1-2)
giucan may play a role. The 235-kDa protein may contain the
necessary enzyme activities for P-D(1-2) glucan synthesis or
may act only as an acceptor for the elongation of the
polyglucose chain. In all the mutants, the only difference
detected in their inner membranes was the absence of the
235-kDa protein; however, in the region of lower-molecular-
weight proteins, the gel was too crowded to draw firm
conclusions. Further experiments will be required to estab-
lish if some other proteins are required for the synthesis of

ACKNOWLEDGMENTS

We thank Luis F. Leloir for helpful discussion during the realiza-
tion of this work and preparation of the manuscript. The
Agrobacterium mutants were kindly provided by Eugene Nester.
We also thank Susana Raffo and Marta Bravo for the preparation of
radioactive compounds, Jorge A. Coira and Alejandra Raimondi for
technical assistance, and Irene P. Cangiano for typing the manu-
script.

This work was partly supported by a grant from the Consej'o
Nacional de Investigaciones Cientfficas y Thcnicas, Argentina.
R.A.U. is member of the Carrera del Investigador, and A.Z. is a
fellow of the Consejo Nacional de Investigaciones Cientfficas y
T&cnicas.

LITERATURE CITED
1. Abe, A., A. Amemura, and S. Higashi. 1982. Studies on cyclic

031-2 glucan obtained from periplasmic space of Rhizobium
trifoiji cells. Plant Soil 64:315-324.

2. Banerjee, D., M. Basu, I. Choudhury, and G. C. Chatterjee.
1981. Cell surface carbohydrates of Agrobacterium tumefaciens
involved in adherence during crown gall initiation. Biochem.
Biophys. Res. Commun. 100:1384-1388.

J. BACTERIOL.

 on O
ctober 2, 2018 by guest

http://jb.asm
.org/

D
ow

nloaded from
 

http://jb.asm.org/


PROTEIN-P-D(1-2) GLUCAN INTERMEDIATE 951

3. Bonner, W., and R. A. Laskey. 1974. A film detection method
for tritium-labelled proteins and nucleic acid in polyacrylamide
gels. Eur. J. Biochem. 46:83-88.

4. Douglas, C. J., W. Halperin, and E. W. Nester. 1982.
Agrobacterium tumefaciens mutants affected in attachment to
plant cells. J. Bacteriol. 152:1265-1275.

5. Douglas, C. J., R. J. Staneloni, R. A. Rubin, and E. W. Nester.
1985. Identification and genetic analysis of an Agrobacterium
tumefaciens chromosomal virulence region. J. Bacteriol. 161:
850-860.

6. Finan, T. M., A. M. Hirsch, J. A. Leigh, E. J. Johansen, G. A.
Kuldau, S. Deegan, G. C. Walker, and E. R. Signer. 1985.
Symbiotic mutants of Rhizobium meliloti that uncouple plant
from bacterial differentiation. Cell 40:869-877.

7. Garcia-Patrone, M, 1985. Bacitracin increases size of parasporal
crystals and spores in Bacillus thuringiensis. Mol. Cell.
Biochem. 68:131-138.

8. Garfinkel, D. J., and E. W. Nester. 1980. Agrobacterium
tumefaciens mutants affected in crown gall tumorigenesis and
octopine catabolism. J. Bacteriol. 144:732-743.

9. Gorin, P. A., J. F. T. Spencer, and W. S. Westlake. 1961. The
structures and resistance to methylation of ,1-2 glucan from
species of Agrobacterium. Can. J. Chem. 39:1067-1073.

10. Klapwijk, P. M., T. Scheulderman, and R. A. Schilperoort. 1978.
Coordinated regulation of octopine degradation and conjugative
transfer of Ti plasmids in Agrobacterium tumefaciens: evidence
for a common regulatory gene and separate operons. J. Bacte-
riol. 136:775-785.

11. Leigh, J., E. R. Signer, and G. C. Walker. 1985. Exopolysac-
charide-deficient mutants of Rhizobium meliloti that form inef-
fective nodules. Proc. Natl. Acad. Sci. USA 82:6231-6235.

12. Leps, W. T., W. J. Brill, and E. T. Bingham. 1980. Effect of
alfalfa ploidy on nitrogen fixation. Crop Sci. 20:427-430.

13. Matthyse, A. G., K. V. Holmes, and R. M. Gurlitz. 1981.
Elaboration of cellulose fibrils by Agrobacterium tumefaciens
during attachment to carrot cells. J. Bacteriol. 145:583-595.

14. McIntire, F. C., W. H. Peterson, and A. J. Riker. 1942. A
polysaccharide produced by the crown gall organism. J. Biol.
Chem. 143:491-496.

15. Osborn, M. J., and R. Munson. 1984. Separation of inner
(cytoplasmic) and outer membranes of gram negative bacteria.
Methods Enzymol. 31A:642-653.

16. Puvanesarajah, V., F. M. Schell, G. Stacey, C. J. Douglas, and
E. W. Nester. 1985. Role for 2-linked-P-D-glucan in the viru-
lence of Agrobacterium tumefaciens. J. Bacteriol. 164:102-
106.

17. Staneloni, R. J., M. E. Tolmasky, and L. F. Leloir. 1984.
Lipid-bound saccharides containing glucose and galactose in
Agrobacterium tumefaciens. J. Gen. Microbiol. 130:869-879.

18. Whatley, M. H., J. S. Bodwin, B. B. Lippincott, and J. A.
Lippincott. 1976. Role for Agrobacterium cell envelope lipo-
polysaccharide in infection site attachment. Infect. Immun.
13:1080-1083.

19. York, W. S., M. McNeil, A. G. Darvill, and P. Albersheim. 1980.
Beta-2-linked glucans secreted by fast-growing species of Rhi-
zobium. J. Bacteriol. 142:243-248.

20. Zorreguieta, A., M. E. Tolmasky, and R. J. Staneloni. 1985. The
enzymatic synthesis of P1-2 glucans. Arch. Biochem. Biophys.
238:368-372.

21. Zorreguieta, A., R. A. Ugalde, and L. F. Leloir. 1985. An
intermediate in cyclic P1-2 glucan byosynthesis. Biochem. Bio-
phys. Res. Commun. 126:352-357.

VOL. 167, 1986

 on O
ctober 2, 2018 by guest

http://jb.asm
.org/

D
ow

nloaded from
 

http://jb.asm.org/

