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ABSTRACT 

The extracellular polysaccharides of seven strains of Rhizobium japonicum were 
investigated by using a gas-chromatographic scheme developed for determination of 
the various sugars present. These polysaccharides were more heterogeneous in their 
composition than those of any other species of Rhizobium yet examined. Five strains 
(1809, 110, 123, 127, and 709) produced polysaccharides containing the same con- 
stituents, although in varying relative amounts: glucose (36-44%), galactose (7-25%), 
mannose (18-20%), CO-methylgalactose (5-13%), galacturonic acid (12-16%), and 
acetyl groups (4-8%). The su,oars of the polysaccharide of strain 1809 were all of the 
D series. These are the first bacteria1 polysaccharides reported to contain 4-O-methyl- 

galactose and the first Rhizobium polysaccharides in which galacturonic acid has been 
found. In contrast to this, the polysaccharide of strain 129 consisted of glucose (7%), 
galactose (51 “A), mannose (5%), xylose (5%), glucuronic acid (5%), and pyruvic acid 
(2%). The polysaccharide of strain 711 contained glucose (34%), galactose (13%), 
mannose (27%), and pyruvic acid (6%). 

INTRODUCTION 

The extracellular polysaccharides of Rhizobium species have been the subject of 
continuing interest since a role was proposed for them in the specificity of the sym- 
biotic relationship between the bacteria and their legume plant hostsl. There have 
been numerous investigations of the composition of Rhizobium extracellular poly- 
saccharides (see Discussion) but these have been concerned almost entirely with 
Rhizobium trifolii, R. meliloti, R. leguminosarum, R. phaseoIi, and R. lupini. Very little 
attention has been given to the polysaccharides of R. japonicum, the organism 
responsible for the nodulation of soybeans. Particular attention was drawn recently 
to these last polysaccharides by the fascinating observation by Bohlool and Schmidt’ 
that lectins isolated from the seeds and roots of soybean plants appear to react 
specikally with the polysaccharides of R. japonicum. Moreover, of the 25 strains of 
R. japonicum examined, three were totally unable to react with the lectins. These 
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results open a possible new mechanism for the specificity of the symbiosis of rhizobia 
and legumes and they make it important to know more about the polysaccharides 
of this species of Rhizobium. 

The information available about these polysaccharides indicates that, compared 
with the polysaceharides of other Rhizobium species, they are unusually heterogeneous 
with respect to their composition. The polysaccharides of ten strains of R. jagonicum 
have been examined and five found to contain only glucose and mannose3*4, one to 
contain only glucose and rhamnose5, and another to contain glucose, galactose, 
mannose, and rhamnose6. The re maining polysaccharides were reported to be 
glycuronans, all of different composition. One contained glucose, galactose, mannose, 
and glucuronic acid4, the second contained glucose, rhamnose, and CO-methyl- 
glucuronic acid’, and the third glucose, mannose, glucuronic acid, and PO-methyl- 
glucuronic acid’. 

The present paper describes a quantitative investigation of the composition of 
the extracellular polysaccharides of seven strains of R. japonicum, using an analytical 
scheme that emphasizes quantitative recovery of the components. 

SETHODS 

Microorganisms. - The strains of R. japonicum used were obtained from the 
culture collection of the Division of Plant Industry (strains CC709, CC711, and 
CCl809) and from Dr. -4. H. Gibson (strains 110, 123, 127, and 129). They were 
maintained on yeast extract-mannitol-agar slopes. 

Chemicals. - AU solvents and reagents were distilled and protected against 
moisture. Hexamethyldisilazane and the gas-chromatographic liquid phases OV-17, 
OV-101, and OV-225 were obtained from Pierce Chemical Co.; all other gas chro- 
matographic materials used were products of Applied Science Laboratories, Inc. 
D-Galactose dehydrogenase was purchased from Boehringer Mannheim GmbH. 

Poiysaccharide production. - The defined liquid medium of Bergersen’ was 
used. After the medium had been autoclaved, filter-sterilized solutions of thiamine 
(100 pg/litre), biotin (250 pg/litre), and calcium pantothenate (100 pg/litre) were 
added. Cultures (1 litre) were grown in 2-litre conical ff asks incubated at 28” on a 
gyrotary shaker operated at 120 rev./min. When the cultures were viscous and dense 
(5-10x log cells/ml) (10-12 days), the incubation was stopped. 

Microscopic examination of the cultures in the presence of India ink’ showed 
considerable variation between strains in the distribution of insoluble polysac- 
charides, but in all cultures the bulk of the polysaccharide was insoluble. The cultures 
were diluted with 2 to 4 times their own volume of saline and stirred vigorously in a 
blender for 5 min. The diluted cultures were centrifuged at 27,000 g for 1 h and the 
polysaccharides precipitated from the supematant fraction by addition of 3 to 4 
volumes of acetone. The precipitates obtained were fine and granular, in contrast to 
the gelatinous, bulky precipitates characteristic of R. tr@Zii and R. meliloti poly- 
saccharides. 
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strains (711 and 129, respectively) (Table II). These polysaccharides differ from all 
other Rhfzobium polysaccharides by their consistent content of mannose and by the 
presence of galacturonic acid and 4-O-methylgalactose, neither of which have 
hitherto been reported in these polysaccharides. This is the first reported occurrence 
of 4-O-methyl-D-galactose in bacterial polysaccharides; small amounts have been 
found in peat4’. 4-O-Methyl-L-galactose is known in seaweed polysaccharides4’. 

The compositional heterogeneity observed among R. japonicum polysaccharides 
is very interesting in the light of the interaction between soybean lectins and a majority, 
but not all, strains of R. japonicum*. Two of the lectin-reactive strains (110 and 123) 
were included in the present polysaccharide investigation. It will be extremely in- 
teresting to see whether there is any relationship between the other polysaccharide 
types of R. japonicum and their ability to react with the soybean lectins. These and 
other investigations with the R. japonicum polysaccharides are continuing. 
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