
Carbohyd?atc Research, 33 (1974) 89-96 
0 EIsevier ScientiEc Publishing Company, Amsterdam - Printed in Belgium 

CHEMICAL ANALYSIS OF EXOCELLULAR, ACID POLYSACCHARIDES 
FROM SEVEN Rhizobium STRAINS 

RAND1 SBhiME 

Department of Chemistry, Agricultural University, N-1432 &NLH (Norway) 

(Received August 17th, 1973; accepted for publication October Sth, 1973) 

ABSTRACT 

A comparative, chemical analysis of the acid exopolysaccharides from seven 
Rhizobium strains, involving the taxonomic groups Rbizobiunz meliloti, Rb. trtifolii, 

Rh. phaseoli, and Rh. Zeguminosarum, is presented. Apart from the polysaccharide 
from Hz. meliloti, which is known to lack uranic acid, no significant differences in the 
carbohydrate composition were found. The two non-nitrogen&xing strains [infective 
(Coryn), and non-infective (Bart A)] gave polysaccharides which differ from those 
produced by the infective and nitrogen&&g strains in the detailed structural features. 
This dit3erence is expressed in the pattern of periodate oxidation and cation-binding 
capacity. 

INTRODUCTION 

Since the work of Beijerink in 1888, it has been known that the formation of 
noduli on Leguminous roots is caused by symbiosis of bacteria and the plantl. The 
bacteria, which belong to the genus Rhizobium, have a high specificity in cross 
inoculation. A common characteristic feature is the production of a highly viscous, 
extracellular polysaccharide, for which three possible roles were pointed out by 
Stacey’: Srstly, importance in the formation of infection threads in the plant roots; 
secondly, as food-reserve material for the plant; and thirdly, as a defence mechanism. 
The fist function has been widely investigated. Chemical’-l5 and immunological 
methods8*21*22 have not been very successful in distinguishing between the poly- 
saccharides of the different species. 

Ljunggren16 postulated that the polysaccharide was able to induce the for- 
mation of a polygalacturonase in the plant roots, thus facilitating the entrance of the 
bacteria into the host plant. Attempts to verify this finding have not been success- 
ful 17-1g. The possible role of the polysaccharide in the formation of infection threads 
is not excluded18*20; the polysaccharide may be one of at least two high polymeric 
factors which participate in the root-hair deformation2’ that commonly precedes the 
infection of the host. 

Galactose, glucose, and glucuronic acid are the common monosaccharide 
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constituents of the polysaccharides, as are pyruvic acid and acetyl groups’ z-15*21. 
The pymvic acid moiety is an immunological determinant21*22 in the eight strains 
examined. Stress is also laid upon the possible importance of the acetyl groups in the 
host/parasite interaction as well as in immunological ~pecificity~~. 

The purpose of the present work was to obtain further information about the 
chemical composition of the Rhizobium polysaccharides. The bacterial strains were 
selected according to different bacteria-host groups16. Three of the strains belong to 
the same group, but vary in ability to infect. 

ExPERrMENTAL 

Organisms. - The Rhizobium strains (kindly supplied from the culture collec- 
tion at the Department of Microbiology, Agricultural College of Sweden, Uppsala) 
were as follows: Rh. trifolii, U 226 (infective and co-operative, i.e., nitrogen Gxing in 
the host), Coryn (infective and non-co-operative, i.e., merely parasitic), and Bart A 
(non-infective). The following infective and co-operative strains were also used: 
Rh. leguminosarum U 311, Rh. meliloti U 27, and Rh. phaseoli U 453 and U 458. 

Cultivation of organisms. - The bacterial strains were kept on agar slants of 
Dom A medium23. For polysaccharide production, the bacteria were grown in shaken 
cultures in Dom A medium at 26” for 6 days. 

Preparation of polysaccharides. - The medium itself did not give any precipitate 
with ethanol. 

The cells were removed by centrifugation at 12,000 g, 4”, 20 min. To the clear, 
viscous supernatant, 2 vol. of ethanol were added. The precipitated polysaccharide 
was centrifuged, washed with ethanol, dissolved in water, precipitated with 5% 
cetyltrimethylammonium bromide, centrifuged, washed with water, dissolved in 3% 
aqueous sodium chloride, and precipitated with 2 vol. of ethanol. The collected 
polysaccharide was dissolved in water, dialysed against distilled water for 72 h, and 
freeze-dried; average yields were 0.5 g/l of medium. 

Methoak - Acid hydrolysis was carried out with tritluoroacetic acid (TFA)24. 
Polysaccharide solutions, 0.5% in 2~ TFA, were heated in closed ampoules at 120” 
for 2 h. The acid was removed by evaporation (below 50”) under diminished pressure. 

D-Galactose and D-glucose were determined, after hydrolysis of the poly- 
saccharides and separation of the products on Whatman No. 1 paper, using l-butanol- 
pyridine-water (5:3:2), by the quantitative ferricyanide test2’. D-Glucuronic acid was 
determined by the carbazole method26 on unhydrolysed material, with corrections 
for the presence of galactose and glucose. -4cidic components were separated by 
chromatography with ethyl acetate-acetic acid-formic acid-water (18:3:1:4) and by 
high-voltage electrophoresis on Whatman No. 1 paper in the buffer pyridine-acetic 
acid-water, 5:2:43 (pH 5.3). Total carbohydrate was calculated from the amounts of 
glucose, galactose, and glucuronic acid. 

Pyruvic acid was determined colorimetrically2’, as was acetyl with ethyl acetate 
as a stanclard28. 
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Detection of carbohydrates after chromatography was effected with p-anisidine 
hydrochloride and aniline hydrogen phthalate. Pyruvic acid was detected by spraying 
with a solution consisting of equal volumes of 0.2% ethanolic o-phenylenediamine 
and 20% aqueous trichloroacetic acid”. 

Periodate oxidation3’ was carried out with 30-mg samples of polysaccharide 
dissolved in 10 ml of 15m~ potassium periodate, in the dark at room temperature. 
After 48 h, 5 ml of the reaction mixture were removed, 50 mg of sodium borohydride 
were added, and the pH was adjusted to 7 with acetic acid after 4 h. The solution was 
dialysed overnight against distilled water and freeze-dried. The residue was dissolved 
in 5 ml of 15m~ potassium periodate for further oxidation. The reaction was followed 
spectrqphotometrically 31. The total oxidation time was 160 h. 

Protein determination was carried out with the calorimetric method of Lowry 
and co-workers3 ‘, and by the Kjeldahl method. Ca2+ and Mg” were determined 
by atomic absorption analysis, and Kf and Naf by flame spectrophotometry. 

RESULTSAHD DISCUSSION 

Only acidic polysaccharides could be isolated from the culture fluids; neutral 
poIysaccharides could not be detected. The polysaccharides were not amenable to gel 
filtration because of the high viscosity of their solutions. No evidence of heterogeneity 
could be found, however, when the polysaccharides were examined by free-boundary 
electrophoresis at pH 2 and 7, although the high viscosity was stili a problem and 
some figures are thus Iacking from Table I. 

Trifluoroacetic acid (TFA) was used as the hydrolysing agent since it permitted 
rapid reaction and the recovery of the monosaccharides was at least equal to that 
associated with mineral acids 24. Treatment of the uranic acid-containing poly- 
saccharides with 2M TFA at 120” for 2 h gave only negligible amounts of acidic 
oligosaccharides, whereas treatment with 0.5~ sulphuric acid at 100” for 18 h gave at 
least five oligosaccharides, two of which contained glucose (unpublished data). After 
treatment of monosaccharides with TFA, followed by paper chromatography and 
determination of reducing powerZ5, the recoveries of galactose, glucose and xylose, 
and mannose were 98, 92, and 82%, respectively. The recovery of glucuronic acid was 
35% (sum of acid and lactone), and that of galacturonic acid was 48%. Simrlar 
percentage recoveries have been obtained after sulphuric acid hydrolysis33. 

Paper-chromatographic and -electrophoretic examinations showed that 
ghtcuronic acid was the only uranic acid present in the polysaccharide hydrolysates. 
The isolated acid was transformed into glucuronolactone in acid solution, and into 
o-glucose after hydrolysis of the reduced methyl ester methyl glycoside34. 

The neutral monosaccharides in the hydrolysate were indistinguishable from 
D-glucose and D-galactose. It must be pointed out that pyruvic acid and the degrada- 
tion products of glucuronic acid in the TFA hydrolysate gave positive reactions with 
developing reagents used for, and have mobilities @.c., t.l.c., and paper electro- 
phoresis) similar to those of, carbohydrates. 
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The presence of pyruvic acid was confirmed by the chromatographic behaviour 
of the acid and its 2&diuitrophenylhydrazone. 

The quantitative data on sugar composition of Rhizobium polysaccharides have 
not been consistent until recently, probably because of the various conditions used 
for acid hydrolysis. GaIactose is decomposed by hydrochloric acid hydrolysis and may 
therefore appear to be present in only small amounts5-7*g. Treatment with M sulphuric 
acid for 24 h at 100” does not effect complete hydrolysis of uranic acid-containing 
polysaccharides ’ 3. In spite of the accumulated data12-15, it has not been possible to 
correlate the chemical composition of the polysaccharides with the specificity in the 
host/bacteria interaction. 

The f&Jres for the content of pyruvic acid, acetyl, glucose, galactose, and 
glucuronic acid in Table I are in good agreement with data presented elsewhere13, 
but do not indicate significant variation between the strains. 

Examinations of polysaccharides’21’4 and oligosaccharides2S4*5 that have 
been isolated indicate P-D-interglycosidic linkages. The polysaccharides also have a 
branched structure; the main chains are (1 +3)- and (1+4)-linked with branching 
residues linked (1+4) and (l-6) ’ 2~14 No significant variation has been found in the . 
amount of linkage types in the polysaccharides from different strains14. The strain 
Rh. meliloti is outstanding, as its polysaccharide lacks glucnronic acid, and has 
(1 -@linked chain residues. 

U 226 

5 lo- 

0 

u 458 

5 

04- 

40 a0 120 160 40 a0 120 160 Time t 

Fig. 1. Periodate-oxldatlon curves of the polysaccharides of some of the Rhrzobium strains. 
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The periodate-oxidation values in Table I, which have been obtained by a 
method30*35 that cleaves the six-membered hemiacetals formed during the first stage 
of oxidation, thus giving fully oxidized polysaccharides, indicate that polysaccharides 
of the non-co-operative strain Coryn and the non-infective strain Bart A have a 
linkage pattern different from that of the polysaccharides of other strains. The 
consumption of periodate per sugar unit after oxidation for 160 h is lower, which 
indicates a higher content of (1+3)-linkages, or that one of the vicinal hydroxyl 
groups in (1+4)- or (l-&Q-linked components is acetylated. The acetyl groups are 
reported to be in the 6-positions in the polysaccharide of Rk meliloti, but their 
location in the polysaccharides from the other strains is unknown. In the capsular 
polysaccharides of Kiebsiella K-type 5,2-0-acetyl groups are present’ 6. Fig. 1 shows 
that the initial oxidation rate of the polysaccharide from the non-nitrogen-fixing 
strains is slower than those of the effective strains, which also vary. These data 
indicate that the former polysaccharides are less branched, or that their end groups 
are more substituted and are thus prevented from beiig rapidly oxidized. 

The content of sulphated ash was found to be high (Table I); the composition 
of the inorganic components of the poIysaccharides is shown in Table IL The ionic 
composition of the polysaccharide from R/z. meliloti is different from that of the 
polysaccharides from other strains, in that it has a high content of K+ and little Na+ 
(the polysaccharides of the other strains have a high Na+ content with some K+). The 
content of Mg2+ is also much higher. The ratio of monovalent/divalent ions varies, 
the polysaccharides of the nitrogen-king strains having the highest values. 

The various Rh. strains were cultivated in media of fixed ionic composition. The 
variation in cationic composition of the atid polysaccharides produced by the 
different strains, therefore, is due to selection of cations, which is possibly connected 
with variations in the stereochemistry of the poIysaccharides. The ionic composition 
may be of significant importance in the bacteria/host interaction. 

Various amounts of protein have been found in the polysaccharide preparations 
(Table II). It is of interest that one of the root-hair deformation factors is either 
protein or carbohydrate2’, and deproteinated polysaccharide preparations did not 
cause the typical root-hair deformations obtained with cruder preparations3’. 
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