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ABSTRACT 

The structure of the type-specific polysaccharide antigen of Streptococcus ra/tu.s was determined by 
methylation analysis, periodate oxidation. and by ZLX’H- and “C-n.m.r.-spectroscopy. The polysaccharide 
was found to possess the trisaccharide repeating unit +3)-a-L-Rhap-( I -t2)-[a-n-Galp-( I +3)]-z-L-Rhap-( I +. 

INTRODUCTION 

The immunological detection of characteristic cell wall polysaccharides was 
originally used to classify strains of Streptococcus mutans into eight serotypes (a-h)“. 
This group of organisms has attracted considerable attention because of its etiologic 
role in dental caries. Coykendal14, on the basis of DNA hybridization experiments, 

proposed to reclassify the mutans group of streptococci into five distinct species. Strong 
evidence in support of these new species assignments was provided by recent multi- 
locus-enzyme electrophoresis studies’. Only the original serotypes, c, e, and.6 retained 
the designation S. mutans. Serotype b strains were included in the new species Strepto- 

coccus rat&s. 

The type-specific polysaccharide of S. raltus, originally referred to as the S. 

mutans serotype b polysaccharide, was first isolated and characterized by Mukasa and 
Slade’. These workers extracted the type-specific polysaccharide with hot trichloroacet- 
ic acid, purified it by ion-exchange chromatography and gel filtration, and reported that 
it was composed of rhamnose and galactose in almost exactly a 2: 1 molar ratio. 

Recently, Ota et ~1.~ reported that periodate treatment of the type-specific poly- 
saccharide of S. rattus abolished its reactivity with specific antiserum. These workers 

also found that both D-galactose and D-glucose were potent inhibitors in hapten- 
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reference at 6 39.5. ‘H-13C chemical shift correlated spectra were obtained in the inverse 

detection mode with GARP decoupling’4.‘5 in the AM-600 spectrometer. 

Anal.yti~ulprocedures. -The rhamnose content of column fractions was routine- 

ly monitored by the procedure of Dische and Shettleslh. Monosaccharides were ana- 

lyzed as the trifluoroacetate derivatives of their methyl glycosides as described previous- 

1~‘~. The absolute configurations of the sugar residues were determined by a modifica- 

tion of the g.1.c. procedure described by Leontein et al.““. Instead of acetate derivatives, 

trimethylsilyl derivatives of the (S)-( +)-2-butyl glycosides were prepared with Tri-Sil. 

The retention times of L-galactose and D-rhamnose were determined by chromatog- 

raphy of the (R)-( -)-2-butyl glycosides of the D- and L-forms, respectively. 

Immunological methods. ~ Rabbit antiserum to the group A-variant streptococ- 

cal polysaccharide was obtained from J. E. Coligan, National Institutes of Health, 

Bethesda, MD. Double-diffusion experiments were carried out in 1% (w/v) agarose gels 

containing 0.1 M TrisaHCl, pH 7.5. 

Pol_vsuccharide extraction und pur$cation. -- The S. ruttus type-specific poly- 

saccharide was extracted from lyophilized cells by use of a modified version of the 

nitrous acid extraction procedure described by Swanson et al.“. A 2’4 (w/v) suspension 

of lyophilized cells was stirred for 1 h at room temperature in a mixture composed of 1 

part of 4~ NaNO?, 1 part of glacial acetic acid, 3 parts of water, and a few drops of 

antifoam B (Sigma). The cells were removed by centrifugation and the supernate was 

rapidly desalted in a hollow-fiber device equipped with a 10 000 mol.-wt. cutoff cartridge 

(Amicon Corp., Danvers, MA 01923). The presence of residual nitrite in the extract was 

monitored by a simple color test in which a few drops of the supernatant was mixed with 

an equal volume of 0.1 M FeSO, in 2~ H$O,. The desalted supernatant was lyophilized, 

redissolved in I % (w/v) acetic acid, and loaded onto a 1.6 x 88 cm column of Bio-Gel 

P- 10, which was eluted with 1% acetic acid. Fractions were analyzed for rhamnose and 

the peak was pooled and lyophilized. 

Methylution unulysis. - The methylation analysis procedure of Harris et al.’ 

employing potassium methylsulfinylmethanide in dimethyl sulfoxide was used. The 

resulting, partially methylated alditol acetates were separated on a 12.5-m, fused silica 

WCOT column (0.2 mm i.d.) coated with a 0.33-pm film of cross-linked dimethyl 

silicone (Hewlett---Packard) in a Hewlett-Packard 5985A combined gas chromato- 

graphyymass spectrometry system. Electron-impact mass spectra were obtained at an 

ionizing voltage of 70 eV. 

Periodute oxidation stud&. ~ Smith degradation’” was carried out by dissolving 

the polysaccharide (final concentration, 5.00 mg/mL) in 40mM NaIO,-O.lM sodium 

acetate buffer, pH 4.0, and allowing it to react for 48 h at 4”. Progress of the oxidation 

was monitored by measuring the absorbance at 223 nm of a 1:500 dilution of the 

reaction mixture. Excess periodate was destroyed by the addition of I ,2-ethanediol and 

the mixture was desalted on a column of Bio-Gel P-2 eluted with 1% (w/v) acetic acid. 

The oxidized polysaccharide was reduced with NaBH, (20 mg/mL in 0.2M NH,OH) for 

24 h at 4”. The sample was acidified with acetic acid, again desalted on a Bio-Gel P-2 

column, and lyophilized. This material was then treated with M trifluoroacetic acid for 1 
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Sequential periodate oxidation, borohydride reduction, and mild acid hydrolysis 

(Smith degradation) of the S. rams type-specific polysaccharide completely destroyed 

the galactose residues. A total of 4.02 pmol of periodate were consumed per mg of 

polysaccharide. Gel filtration of the product of Smith degradation in a Bio-Gel P-10 

column gave a single peak of rhamnose-containing material which was eluted at a K,, of 

0.22. This material gave an intense precipitin band upon double immunodiffusion 

against rabbit antisera to the group A-variant streptococcal polysaccharide, a poly- 

saccharide that has been shown to be a linear homopolymer of alternating O-2- and 

0-3-linked L-rhamnopyranosyl units22. 

A quantitative determination of the amount of formic acid produced during 

periodate oxidation indicated that 1.97 pmol formic acid were produced per mg of the S. 

rat&s type-specific polysaccharide. This corresponds to almost exactly one mol of 

formic acid produced for every two mol of periodate consumed and suggests that the 

sugar residues oxidized were either terminal rhamnopyranosyl or galactopyranosyl 

groups or 0-6-linked galactopyranosyl residues. 

Methylation analysis of the S. rattus type-specific polysaccharide and the product 

of Smith degradation was carried out. The Smith-degraded polysaccharide was found 

to be composed of O-2- and 0-3-linked L-rhamnopyranosyl units in an equimolar ratio. 

The partially methylated alditol acetates derived from the S. ratfus type-specific poly- 

saccharide indicated the presence of a nonreducing terminal galactopyranosyl group, 

and O-2-, O-3-, and O-2,3-linked rhamnopyranosyl units in the approximate molar 

ratio of 0.6:0.3:1.0:0.8, respectively. No other hexose units were observed in the gas 

chromatogram. The relative amount of terminal galactopyranosyl groups was less than 

expected, based on the results of the quantitative monosaccharide analysis. Similarly, 

the presence ofO-2-linked rhamnopyranosyl residues was not consistent with the results 

of the quantitative formic acid determination since such residues would consume perio- 

date but not produce formic acid. Furthermore, if 0-2-linked rhamnopyranosyl resid- 

ues were present in the backbone of the S. rattus type-specific polysaccharide, then 

Smith degradation would be expected to yield preponderantly small oligosaccharide 

units, but this was not the case. There was only a relatively small increase in the elution 

volume of the polysaccharide following Smith degradation (from Ka,, 0.16 to 0.22). The 

most likely explanation for these apparent inconsistencies in the methylation data is that 

they are artifacts of the methylation analysis procedure. It is possible that a small 

fraction of the terminal a-D-galactopyranosyl groups were eliminated in the initial steps 

of the methylation analysis procedure, perhaps after dissolution of the polysaccharide 

in the potassium methylsulfinylmethanide reagent and before the addition of methyl 

iodide. This would explain the presence of a small amount of 0-2-linked rhamnopyra- 

nosy1 units and the relatively low proportion of terminal galactopyranosyl groups and 

O-2,3-linked rhamnopyranosyl residues compared to 0-3-linked rhamnopyranosyl 

residues. 

‘H- and “C-n.m.r. data for the type-specific polysaccharide of S. raftus are given 

in Table I. The ‘H-resonance assignments were based on 2D-COW, TOCSY, and 

2D-NOESY experiments. The ‘C-chemical shifts were assigned based on the ‘H-13C 





The aforementioned results support the conclusion that the S. rat&s type-specific 

polysaccharide possesses the trisaccharide repeating-unit 1. The polyrhamnose back- 

bane o‘i thepo$%accharibe was s’nown to ‘ne ioeniXaJ ‘lo t’naj 05 t’ne,eroup A-vanant 

polysaccharide which consists of alternating O-2- and 0-3-linked rhamnopyranosyl 

residues. Side-chain, terminal a-D-galactopyranosyl groups are linked to O-3 of the 

0-2-linked rhamnopyranosyl units in the backbone. 

The polyrhamnose backbone of the S. rattus type-specific polysaccharide, which 

is identical to that of the group A-variant streptococcal polysaccharide, appears to be 

quite a common feature of streptococcal polysaccharides. Other polysaccharides found 

to possess this backbone structure are the group-specific polysaccharides of groups A”, 

C25, and E’h streptococci, and the type-specific polysaccharides of serotypes ez7, and f 28 
S. mutans. 
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