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ABSTRACT 

The structure of the capsutar antigen from Pneumococcus type 26 has been 
determined by using methylation analysis, periodate-oxidation studies, and n.m.r. 
spectroscopy of the original and the dephosphorylated product. It is concluded that 
the polysaccharide is composed of repeating-units having the following structure. 

O- 
I 

+)-cc-D-GaIp-( I +3)-cr-D-Glcp-( I +3)-cr-L-Rhap-( I -+I)-D-RlbitoI-(S-O-P-O- 

II 

0 

The only difference between this structure and that of the type-6 antigen is that the CL- 
L-rhamnopyranosyl residue is linked to O-4 of D-ribitol in the former, but to O-3 in the 

latter. 

INTRODUCTION 

Streptococcus prreumoniae types 6 and 26 (American nomenclaturel) show im- 

munological cross-reaction, as is also evident from their antigenic formulas, 6a, 6b, 
and 6a, 6c, respectively. According to the Danish nomenclature, these types are called 
6 and 6A, but as 6A and 6B are aiso used, the American nomenclature will be followed 
here in order to avoid confusion. The structure of the type-6 capsular antigen (S-6) was 
investigated by Rebers and Heidelberger”, who showed that it is composed of re- 
peating-units having the structure 1. The only structura1 feature not determined by 
these authors was the position to which phosphate is linked to the ribitol residue. As 
ribitol phosphate is most probably transferred to the repeating-unit from CDP- 
ribitol, in which phosphate is linked to O-5 of D-ribito13, it was assumed” that it is 
Iinked to the same position in S-6. We now report structural studies of the type-26 
antigen (S-26)_ 
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O- 

I 
--f 2)-ct-D-G~p-(l+3)-a-D-Glcp-(l+3)-cc-L-Rhap-(l +3)-D-Ribitol-(5-O-P-O- 

II 
0 

1 

RESULTS AND DISCUSSION 

Analysis of S-26 showed that it contains the same components as S-6, namely, 
D-glucose, D-galactose, L-rhamnose, ribitol, and phosphate, in equimolecular propor- 
tions. The optical rotations of the two polymers were similar: [a]g + 9 1 o for S-6, and 
[c(]g + 86” for S-26. The 13C-n.m.r. spectra (Fig. 1) were also similar, with signals for 
three anomeric carbon atoms at 96.7, 98.9, and 101.7 p_p.m. (S-6), and at 96.8, 98.9, 
and 101.1 p_p.m_ (S-26), at ambient temperature. From the chemical shifts of these 
signaIs, it is concluded that al1 of the sugars are pyranosidic and that D-glucose and 
D-galactose occur as a-pyranosides in both poiymers. In the lH-n.m.r. spectra, the 
signals for anomeric protons occurred at 6 5.58 (J 3 Hz), 5.09 (.7 3 Hz), and 5.02 (Jlow) 
for S-6, and at S 5.53 (J 3 Hz, 1 HJ and 5-12 (J low, 2 H) for S-26, thus corroborating 
the foregoing assignments and further demonstrating that the L-rhamnopyranosyl 
residues are a-linked in both polymers. 

The oligosaccharide from the S-26 polymer, obtained by treatment with 48% 
hydrofluoric acid, and the oligosaccharide2 from S-6 were subjected to methylation 
analyses (Table I)_ The same methylated reducing-sugars were obtained from both 
products. 1,2,4,5-Tetra-O-methylribitol was also obtained from S-6, in agreement with 
the published structure, but 1,2,3,5-tetra-O-methylribitol was obtained from S-26. 

TABLE I 

hlETHYL.ATiON ANALYSIS OF ORIGINAL AND hlODiFIED OLIGOSACCHARIDES FROM S-6 AND S-26 

MethyIated sugar-a Tb 

1,2,4,5-Ribitold 0.13 
1,2,3,5-RibitoId 0.15 
U-Rha 0.94 
2,3,4,6-Glc 1.00 
2,3,4,6-Gal 1.19 
2,4,6-Glc 1.82 

Mole xc 

A B c 

18 
13 

28 29 48 
52 

28 28 
26 29 

XI&Rha = 2,4-di-0-methyl-L-rhamnose, etc. *Retention time of the corresponding alditol ace- 
tate relative to 1,5-di-~-acety~-2,3,4,6-tetra-O-methyl-D-glucito~ on an OV-225 coIuum at 190”. 
c-4, S-6 ohgosaccharide; B, S-26 oiigosaccharide; and C, S-26 oligosaccharide after Smithdegradation. 
dThese derivatives are volatile and were partially lost during concentrations. 
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Fig_ 1. lSC-N.m.r_ spectra of S-6 and S-26. The spectra were determined at 85” and are better resolved 
than those determined at ambient temperature, aiso given in Table Il. The high-field region, with the 
signal for C-6 of the L-rhamnopyranosyl residue, is omitted. 

Smith degradation5 (periodate oxidation, borohydride reduction, and mild 
hydrolysis with acid) of the oligosaccharide from S-26 yielded a disacchande derivative 
composed of D-glucose, r..-rhamnose, and glycerol residues. Methylatlon analysis 

(Table I, column C), in conjunction with results discussed above, demonstrate that it 
has structure 2 and consequently that the sequence of sugar derivatives in S-26 is the 
same as that in S-6, For reasons discussed above, it may safely be assumed that one of 
the phosphate diester linkages is to O-5 of n-ribitol. In order to determine the location 

of the other phosphate &ester Iinkage, and to decide whether the cc+rhamnopyrano- 
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syl residue is linked to O-2 or O-4 of D-ribitol, S-26 was oxidized with periodate; three 
mol of oxidant were consumed and one mol of formaldehyde was formed. The fonna- 
tion of formaldehyde demonstrates that D-ribitol is substituted at O-4, as in 3, and not 
at O-2. Two mol of periodate are consumed by the ribitol residue, leaving one for the 
D-galactopyranosyl residue, which is consequently substituted at O-2 or O-4. On acid 
hydrolysis of the oxidized and borohydride-reduced product, D-glucose, L-rhamnose, 
and glycerol, but no threitol, were formed, demonstrating that the D-galactopyranosyl 
residue is substituted at O-Z, as in 4. 

P 
cH20-p-o - 

CH~OH 

-O--&H 
II HO 0 

CH>OH 

I I O 
OH 

cx-o-Glcp-(l-+3)-CX-L-Rhap-0-CH YOCH o- 
I I 

Itr 

CH,OH HOCH 

I 
“; /” 

2 CHzOH /‘\\, 

P 
3 

4 

The combined results therefore demonstrate that S-26 is composed of repeating- 
units having the structure 5. The only structural feature that is different in S-6 and S-26 
is the position to which the cr-r_-rhamnopyranosyl residue is linked to D-ribitol, O-3 in 
the former and O-4 in the latter. 

O- 

I 
+2)-a-D-Galp-( 143)-a-D-Glcp-( l-+3)-a-r_-Rhap-( l-4)-D-Ribitol-(!%O-P-O- 

II 
0 

5 

In the r3C-n.m.r. spectra of S-6 and S-26, several signals overlap. However, 
structural information may be obtained from these spectra, especially when they are 
compared with those of the corresponding oligosaccharides (Table II). Thus, 31P-13C 
coupling is observed for phosphate-substituted carbons and their neighbours, namely, 
C-5 and C-4 of D-ribitol, and C-2 and C-3 of D-galactose, in both polymers. The in- 
significant coupling of C-l in D-galactose is discussed below. Significant downfield- 
shifts are also observed when a carbon atom is glycosyloxylated or substituted with 
phosphate, and the signals from the adjacent carbon atoms are shifted upfield, but to a 
lesser extent6. Thus, C-l of the galactopyranosyl residue in both S-6 and S-26 is easily 
recognized, as it shifts from 98.9 to 100.6 p.p.m. on cleavage of the phosphate linkage 
to o-2. 

The only structural difference between S-6 and S-26, namely, that O-3 in D- 

ribitoi is glycosidically substituted in the former, but that 04 is substituted in the 
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latter, is also manifested in their ‘3C-n.m.r. spectra. Thus, in S-6, C-5 and C-3 of the 
D-ribitol residue appear at 68.1 and 80.6 p-p-m_, respectively. In S-26, the signals of 
C-5 and C-4 of D-ribitol, at 66.0 and 78.3 p.p_m. respectively, have been shifted up- 
field because of the mutual shielding effects of the substituents (the signals for C-3 and 
C-4 in ribitol appear at the same field, 73.4 p_p.m_)_ The deshielding effected by 
dephosphorylation is also clearly observed. 

Some information on the conformation of the polymers may also be obtained 
from the ‘3C-n.m.r. spectra6. The three-bond 31P-13 C coupling is dependent upon the 
angle between the POC and OCC’ planes, allowing an estimation of the populations of 
the possible rotamers. Coupling constants of 8-10 and 2-3 Hz are observed for trans 
(dihedral angle 180”) and gauche (dihedral angle 60”) relationships, respectively. In the 
‘3C-n.m.r. spectra of a- and/&D-glucose 2-phosphate’ Jp, ,=_ 1 is 3 and 5 Hz, respectively, 
indicating a preference for gauche conformations. The virtual absence of coupling 
between P and C-l of the D-galactopyranosyl residue in both S-6 and S-26, and the 
high coupling constant (6 Hz) for C-3 at 69.9 and 69.5 p-p-m_, suggest a preference for 
the conformation depicted in 6, with gauche and trans relationships, respectively. The 
conformation may be somewhat distorted, as indicated by the dotted line. The coup- 
Iing constant (7 Hz) between 31P and C-4 in the D-ribitoI residue also indicates a trans 
relation between these atoms. 

H-2 , 
,’ Ak P 

, 

c-3 C-l 

6 

EXPERIMENTAL 

General methods . - Concentrations were performed under reduced pressure at 
bath temperatures below 40”. A Perkin-Elmer 990 instrument with flame-ionisation 
detectors was used for g.1.c. Separations were performed on a glass column (180 x 
0.15 cm) containing 3% of OV-225 on 100/120 mesh Gas Chrom Q, at 210° for aIdito1 
acetates and at 190” for partialIy methyIated aIdito1 acetates. Peak areas were measur- 
ed with a Hewlett-Packard 3370B electronic integrator. G.l.c.-m-s. was performed 
with a Varian MAT 3 1 I-SS 100 instrument at an ionisation potential of 70 eV. N.m.r. 
spectra for solutions in DzO were recorded in the PFT-mode with a JEOL FX-100 
spectrometer, using external tetramethylsilane (13C), and internal 4,4_dimethyl4si- 
Iapentane-I-sulphonate (‘H) as references. Optical rotations were determined with a 
Perkin-Elmer 241 instrument_ 

Material. - The polysaccharides S-6 and S-26 were prepared at the Lederle 
Laboratories, Pearl River, N-Y., U.S.A. As observed at this Iaboratory, the polymers 
undergo autohydrolysis unless kept at low temperature. For further purification, each 
polymer (475 mg) was dissolved in water (250 ml), and 5% cetyltrimethylammonium 
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bromide (60 ml) was added. The resulting precipitate was collected by centrifugation, 
washed with water, and dissolved in 10% aqueous sodium chloride (100 ml), and the 
polymer Was then precipitated with ethanol (500 ml). The products (N 250 mg) in 
water (c 0.2) showed [cY]~ + 91” (S-6) and 86” (S-26). 

Sugar analysis. - After hydrolysis with 0.25~ trifluoroacetic acid for 16 h at 
lOO”C, the sugars were analysed as described by Sloneker8. Identifications were con- 
firmed by g-1-c. and m-s. Absolute configurations of the sugars were determined ac- 
cording to the method of Leontein et aZ.9. 

Phosphate analyses. -These were performed as descrrbed by Chen et aLla. 

Dephosphorylation. - S-26 (50 mg) was dissolved in 48% aqueous hydrogen 
fluoridell(3 ml). After 4 days at-16”C, the hydrogen fluoride was evaporated at re- 
duced pressure and the residue was dissolved in water (4 ml). The pH of the solution 
was adjusted to 7 with ammonia, and the solution was freeze-dried. Chromatography 
on a column (100 x 2.5 cm) of Biogel P2 yielded the pure oligosaccharide (16 mg), 
[a]o f95” (c 0.2, water). The oligosaccharide from S-6 had [a],, t-90” (c 0 2, water). 

Methylation analyses. - The oligosaccharides were subjected to methylation 
analysis, as previously describedl”, the permethylated products being isolated by 
partitioning between water and chloroform. The product was hydrolysed with 0.25~ 
trifluoroacetic acid for 16 h at 100°C and the resulting mixture of methylated sugars 
was analysed, as their alditol acetates, by g.l.c.-m-s. 

Smith degradation of the oligosaccharide from S-26. - A solution of the oligo- 
saccharide (16 mg) in a mixture of O.ihT sodium acetate buffer (pH 3.9,12 ml) and 0.1~ 
sodium metaperiodate (4 ml) was kept at f5” for 4 days. Excess of periodate was 
reduced with ethylene glycol (0.2 ml), sodmm borohydride was added, and the solu- 
tion was kept at room temperature overnight_ Excess of borohydride was decomposed 
by addition of 50% acetic acid. Chromatography on a column of P-2 yielded a pure 
product (4 mg). This material was treated with 0.25M trifluoroacetic acid for 20 h at 
room temperature, the acid was removed by evaporation, and the material was chrom- 
atographed on a column(70 x 1.6 cm) of P-2. The product (3 mg) had [aID f78” (c 0.2, 
water). An acid hydrolysate ofthe product contained glycerol, rhamnose, and glucose_ 

Periodate-oxidation studies of S-26. -A solution of S-26 (5 mg) in 25mhI sodium 
metaperiodate was kept at 24”. Consumption of periodate was followed spectrophoto- 
metricallyra at 223 nm and was compIete after 48 h, when 3.2 mol had been consumed. 
The fom-raldehyde produced (1 .O mol) was determined by reaction with chromotropic 
acidr3. 

A solution of S-26 (25 mg) in O.lhi sodium acetate buffer (pH 3.9, 24 ml) and 
O.lhf sodium metaperiodate (8 ml) was kept at 4” for 5 days. Excess of periodate was 
reduced with ethylene glycol (0.3 ml), and the mixture was dialysed overnight and 
freeze-dried. The product was reduced with sodium borohydride (200 mg) in water (5 
ml), and the solution was then acidified with 50% acetic acid, dialysed, and freeze- 
dried. A hydrolysate of the resrdue was reduced and acetylated. The presence of 
glucitol, rhamnitol, and glycerol acetates was demonstrated by g.l.c.-m.s , but no 
threitol acetate was detected. 
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