
Carbohydrate Research, 117 (1983) 157-167 
Elsevier Science Publishers B.V., Amsterdam-Printed in The Netherlands 

THE STRUCTURE OF THE ACIDIC POLYSACCHARIDE SECRETED BY 

Rhizobium phaseoli STRAIN 127 K44+** 

LARS-ERIKFRANZ~N**,WILLIAMF. DUDMAN***. MICHAELMCNEIL.ALANG.DARVILL,ANDPETERAL- 
BERSHElM++ 

Department of Chemistry, Campus Box 215. University of Colorado. Boulder, CO 80309 (U.S. A.) 

(Received December 6th, 1982; accepted for publication, January llth, 1983) 

ABSTRACT 

The acidic polysaccharide secreted by Rhizobium phaseoli strain 127 K44 was 

found to differ in structure from the polysaccharides of two other strains of 

Rhizobium phaseoli, namely, strains 127 K36 and 127 K38. The 127 K44 polysac- 

charide has a repeating unit (1) of nine glycosyl residues and one pyruvic acetal 

group, as shown on page 158. All of the glycosyl residues were found to be in the 

D configuration and in the pyranoid ring-form. 

INTRODUCTION 

The acidic polysaccharides secreted by two strains of Rhizobium phaseoli, 
127 K38 and 127 K36, have been shown to have different structures’.*. We now de- 

scribe an investigation of the structure of the acidic polysaccharide secreted by a 

third strain of the same Rhizobium species, strain 127 K44. 

EXPERIMENTAL 

Rhizobium phaseoli strain 127 K44 was obtained from Dr. J. Burton, Nitra- 

gin Company, Milwaukee, WI. Experiments were conducted to confirm that strain 

127 K44 is capable of nodulating bean plants. The acidic polysaccharide secreted by 

strain 127 K44 was purified, and structurally charaiterized, by procedures previ- 

ously described’- 

‘Host-Symbiont Interactions. Part XII. For Part XI, see ref. 1. 
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RESULTS AND DISCUSSION 

Composition of the polysaccharide. - The glycosyl composition of the 

purified polysaccharide was determined by methanolysis, dideuterio-reduction of 

the carboxyl groups, hydrolysis, reduction, and acetylation, followed by gas-liquid 

chromatography (g.1.c.) and g.l.c.-mass spectrometry (m.s.) analysis of the alditol 

TABLE I 

GI.YC’OSYl COMPOSITION Ot THF 4ClnlC POLYSACCHARIIX SECRETED HY Rhizohium phasroli STRAIU 127 

K‘H 

Glww~yl Glw~syI composmon Relatrrr 
resrdue (mol?) amount 

Galactosyl 11 1 
Glucosyl” 57 52 

Glucosyluronlc acid” 32 79 

“The relatwe amounts of glucosyluronic acid and glucosyl residues were detcrmlncd by g.l.s.-m.s, 
analysis after reduction of the glucosyluronlc residues as descrlhed’. 
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acetates, as previously described’. The results of this analysis, which are presented 

in Table I, suggest a repeating unit of nine sugars, consisting of one galactosyl, 

three glucosyluronic acid, and five glucosyl residues. All of the glucosyl and gluco- 

syluronic acid residues were, by using methods previously described’*5, found to be 

in the D configuration. 

Calorimetric determination of the pyruvic” and acetic acid’ substituents gave 

values of 5.0 and 6.2%, respectively. These values are equivalent to 0.97 mol of 

pyruvic acid and 2.5 mol of acetic acid per repeating unit of nine glycosyl residues. 

Glycosyl-linkage composition of the polysaccharide. - The methylated 

polysaccharide contained (1+3)-linked, (l-+4)-linked, and 4,6-di-O-substituted 

glucosyl residues and 4,6-di-O-substituted galactosyl residues (see Table II. column 

A). Analysis of the methylated, dideuterio-reduced carboxyl polysaccharide 

showed the presence of (1+4)-linked glucosyluronic residues (see Table II, column 

B). The quantitative data in Table II show that the repeating unit of the polysac- 

charide contains one (l-3)-linked glucosyl, one 4,6-di-O-substituted glucosyl, one 

4,6-di-O-substituted galactosyl, three (1+4)-linked glucosyluronic acid, and three, 

or four, (l-+4)-linked glucosyl residues. The sequence analysis next described es- 

tablished that only three (l-+4)-linked glucosyl residues were actually present in 

the repeating unit. 

Partial hydrolysis of the 0-methylated dideuterio-reduced carboxyl polysac- 
charide, followed by reduction and 0-ethylation, and then separation and analysis of 
the per-0-alkylated oligosaccharide-alditol. - The polysaccharide was per-O- 

methylated and the resulting methyl-esterified residues were reduced with lithium 

aluminum deuteride, as previously described’. Partial hydrolysis of the carboxyl- 

TABLE II 

GLYCOSYL-LINKAGE COMPOSITION OF THE EXTRACELLULAR POLYSACCHARIDE OF Rhizobium phaseok 
STRAIN 127 K44 

Glycosyl 
residues 

Positions of 
O-methyl 
groups 

R.tb Sample” 

A B 
(mol %) 

Glucosyl 234.6 0.67 15 11 

Glucosyl 2.3.6 0.69 54 39 

Glucosyl 2.3 0.84 19 10 

Galactosyl 2,3 0.85 12 9 

Glucosyluronic acid’ 233 0.84 - 31 

“Sample A was 0-methylated and hydrolyzed, and the resulting. partially 0methylated aldoses were 
reduced (NaBDJ), and the alditols acetylated. Sample B was 0-methylated, carboxyl-reduced 
(LiAIDJ), and hydrolyzed, and the resulting, partially 0-methylated aldoses were reduced (NaBDJ, 
and the aldttols acetylated. bRetentton time relative to myo-inosttol hexaacetate on a capillary column 

(10 m) of SP-2100, programmed from 150 to 240” at 4”imm. ‘This restdue results from the reduction of 
glucosyluronic acid residues to 6,6-dideuterio-D-glucosyl restdues. [The relative amounts of the 2,3-di- 

O-methyl-D-glucosyl and -glucosyluronic acid residues were determtned by g.l.c.-m.s.] 
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Fig. 1, Reverse-phase. I c. elutlon-protilc of the partially C&methyldtcd. pnrtlally O-ethylated t)l~gosac- 

charade-alditola derived from the ollgosaccharlde fragment\ produced h) partial hydrolysta of the 0 

mcthylated. carhoxyl-reduced pollucchdrlde. [l’hc profil t‘ IS the chemical-l~,nlrutlon. t~~tJ-ion rc- 

<ponac of -3'; of the eftluent from the I c column, whtch was Introduced directly unto the xwrce of 

the mass spectrometer ‘l’hc mash spectrometer scanned tram HI,‘; NO to lO(l0. nncc C’\CI) 7 s Each per- 

O-alkylated olrgosaccharlde-alditol that has heen structurally charxterlred has hccn .wtgncd J letter 

Indlcatlng where It 1s clutsd from the I c column (WC Tahlrs III, IV. and V, and FIN. 2) 

reduced. 0-methylated polysaccharide with 88 5; formic acid for 100 min at 80” 

yielded a mixture of partially 0-methylated oligosaccharide fragments. The mix- 

ture of fragments thus obtained was reduced with NaRDJ. and the product O-ethy- 

lated, to yield a mixture of partially 0-methylated. partially O-cthylated oligosac- 

charide-alditols. These were separated by 3.5MPa l.c.. a> described’ (gee Fig. 1). 
The effluent was monitored by mass spectrometry. as described’. 

The per-0-aikylated oligosaccharide-alditois were located. in the fractions 

obtained from the l.c. column. bq reconstructed, selected-ion chromatograms using 

the (M + 1) ions (calculated from the data of Tables I and II) of all pocsible per-0 

alkylated disaccharide-. trisaccharide-, and tetrasaccharide-alditols. Fractions con- 

taining per-0-alkylated oligosaccharide-alditols were further examined by g.l.c.- 

m.s.. using electron impact (e.i.) fragmentation to establish the Identities of the 

per-0-alkylated oligosaccharide-alditols. Nine per-0alkylated disaccharide-al- 

ditols (see Table TIT), nine per-0-alkylated trisaccharide-alditols (SW Table IV). 

and seven per-0-alkylated tetrasaccharide-alditols (see Table V) were detected. 

and their glycosyl sequences determined. It should be noted that. as a result of 

deuterio-reduction before O-ethylatinn, each glucosyluronic residue was con\crted 

into a 6,6-dideuterioglucosyl residue having an ethyl group on O-6. The structures 

of fragments [f], [i], [o]. [p], and [u] were confirmed bv hvdrolysis, and analysis of 



HOST-SYMBIONT INTERACTIONS. PART XII 161 

P s 
e - - - 



162 

c 
,; 

_.. 
.f 



HOST-SYMBIONT INTERACTIONS. PART XII 163 



the partially O-alkylated alditol acetates derived from them. 

P~~noid twzg-forms of the ~/_vco,syl rrsidtm. - The ring forms of all of the 

glycosyl residues in the repeating unit of the polysaccharidc NUC determined b> 

identifying and characterizing per-Cl-alkylated oligosaccharidc-;tidltois containing 

each glycosyl residue at either the (formerly reducing) alditol end or the nonreduc- 

ing end. The ring forms of such residues are delrneated hv the locatIon of the O- 

methyl and O-ethyl substitucnts”. 

&se-catulyz& dcgrcrrlrrtior~ oj‘ I/W methyhtcd po1~~rc.c Ilurul~~. -. The O- 

methylated polysaccharide was subjected to base-catalyzed drpradstiun. as dc- 

scribed’-‘. Two malor peaks were observed after reverse-phase. 1.c separation of 

the products. The fractions containing the major components were analyzed by 

e.i.-m.s. using a direct-inlet probe. by glycosyl-linkage compositlon-analysic. and 

by ‘H-n.m.r. spectroscopy. These data and the structures of fragments ((~1. [s]. and 

[t] identified the two products of the base degradation as the methyl w and ,!3- 

glycosides of the per-O-alkylated pentasaccharide fragment shown in Table VI. 

The molecular weight of the methyl /3-glycoside \vas confirmed by i,i\t-atom-bom- 

bardmen-mass xpectromttry [f.a.h --m.s.). which yielded MI intense (M + 1) ion 

at m/z 1095. 

The repeating unit of the pof~.suc.~~~mritlC. -- The fragments that were iden- 

tified among the reduced and O-ethylated products from the partial hydrolysis of 

the carboxvl-reduced, 0-methylated pol~saccharide are cummarized in Fig. 2. The 

nonasaccharide repeating-unit (1) depicted in Fig. 2 is determined b\ many differ- 

ent sets of fragments. as, for example, fragments [il, [o]? [\I. It]. ,~nd iz]. The strut- 

ture elucidated agrees with the dat,l obtained by compositional anal!+, (SW Table 

I), glycosyl-linkage analysis (see Table II), and base-cataly/.cd clcirrudatiorl (see 
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TABLE VI 

~~AcNosTlc 10~s FROM THE ~1. MASS SPECTRUM OF THE PARTIALLY O-METHYLATED. PARTIALLY O- 
ETHYLATEDPENTASACCHARII~EMETHYLGLYCOSlDEOBTAlNEDBYBASE-CATALYZEDDEGRADATlONOFTHE 

GLYCOSYLL~RONIC ACID RWDUES OF THE METHYLATED POLYSACCHARIDE SECRETED BY RhiX?biU??I 

phased STRAIN 127 K44 

Dlagnostlc fragmmt-mm’ 

b’ a 187 (100. dA2) 
Et+4Glc+4Glc+OMe 201 (90. b’A2), 233 (53, dA, + b’A,). 

6 405 (2.1, dcA,), 437 (4.7, b’aJ7 + dcA,). 

t 497 (0.6. b’aJ,), 609 (0.6. dcbA,). 
Et-+3Glc+4Glc-*4Glc 641 (0.3, b’abJ, + dcbA,), 701 (0.2, b’abJ,). 

d c b 905 (0.2, dcbaJ,) 

“% of base peak and fragment-ion designations are in parentheses. 

Table VI) of the polysaccharide. No oligosaccharide fragments were found that 

contradicted the structure proposed. 

Determination of the anomeric configuration of the glycosyl linkages by ‘H- 
n.m.r. spectroscopy. - The ‘H-n.m.r. spectrum of the methylated polysaccharide 

showed two a-anomeric signals and multiple /3-anomeric signals (see Table VII). 

Five of the per-0-alkylated oligosaccharide-alditols ([cl, [d], [i], [o], and [p]) iso- 

lated after partial hydrolysis of the 0-methylated polysaccharide, and the pentasac- 
charide methyl glycoside obtained after base-catalyzed elimination, were also 

examined by ‘H-n.m.r. spectroscopy (see Table VII’). 

The data in Table VII allow the anomeric configuration of all of the glycosyl 

residues to be unambiguously assigned as illustrated in 1. However, no fragment 

containing the branch-point glucosyl residue and the adjacent glucosyluronic acid 

residue was available in sufficient quantities, or sufficiently free from other oligom- 

ers, to allow ‘H-n.m.r. examination. This glycosidic linkage was deduced to be an 

c-u-linkage, because the other eight glycosidic linkages had been unambiguously 

characterized in isolated oligosaccharide fragments, and only one was an a-linkage. 

The ‘H-n.m.r. spectrum of the polysaccharide clearly showed the presence of two 

a-linkages. Further evidence that the glycosidic linkage of the branched glucosyl 

residues is in the (Y configuration came from consideration of the l.c. retention- 

times of the per-0-alkylated disaccharide-alditols [j] and [ml. These two fragments 

differ only by containing two and four deuterium atoms, respectively, and, because 

the two fragments are identical in the distribution of methyl and ethyl groups, they 

would be predicted to have virtually indistinguishable retention-times on the l.c. 

column if they had the same anomeric configuration of their glycosidic bond. The 

fact that their l.c. retention-times are different (see Table III) indicates that they 

differ in the anomeric configuration of the glycosidic linkages between their con- 

stituent residues4. The glycosidic linkage of fragment [m] was established to be in 

the /?-anomeric configuration by ‘H-n.m.r. analysis of fragment [p] (see Table VII 

and Fig. 2). Therefore, fragment [j] contains an cw-anomeric linkage. 
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TABLE VII 

The structure of the polysaccharide secreted by Rhizobirm phmeoli strain 

127 K44 has been determined to be that depicted in 1. This structure has the same 

backbone as previously characterized polvsaccharides secreted by Rhizobia 

phaseoli strain’ 127 K38 and R. phnsdi strain’ 127 K3h. but it contains a side chain 

different from that of either of the previously described R. phasedi polysac- 

charides. 
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