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It was reported recently that an lmmunogemc tetraheteroglycan from the cell 
wall of Stzeptococczzs bovzs, stram C3, consists of a main cham of +3)-6-deoxy-L- 
talose-(l~3)-L-rhamnose-(l-,3)-D-galactose-(l+2)-L-rhamnose-(l+ and side chams 
of smgle D-glucuromc acid groups at O-4 of the 3-substituted rhamnose reslduesl 
The lmmunogemclty of a cell-wall glycan IS attnbutable to the nature of the mono- 
saccharlde constituents, the sugar sequence, and the glycondlc bond-types’. We have 
now found that the sequence proposed for the mam cham of tbs glycan needs to be 
revised to the followmg ~3)-6-deoxy-L-talose-(l~3)-D-galactose-(l~3)-L-rhamnose- 
(l-2)-L-rhamnose-(l- w&h side chams of smgle D-ghxuronlc acid groups at O-4 

of the 3-substituted L-rhamnose residues This revlslon mvolves a reversal of the order 
of the D-galactose residue and the 3-substituted L-rhamnose residue It IS based on 
new data from experiments on the chemical degradation of the tetraheteroglycan by 
alkahne fl-ehmmation, oxldatlon with ruthenium tetraoxlde, and degradation by 
base and acid followed by reduction and methylatlon analysis of the resulting ohgo- 
sacchande 

Fig 1, frame B, shows a g 1 c pattern for the methylated aldltol acetates from 
the reduced ohgosaccharlde These derivatives were ldentlfied as 3-O-acetyl-1,2,4,5,6- 
penta-O-methylgalactltol, 1,5-dl-O-acetyl-2,3,4-tn-O-methylrhammtol, and 1,3,5- 
tn-O-acetyl-6-deoxy-2,Pdl-O-methyltahtol The three denvatlves possessed retention 
times identical to those of reference denvatlves (frames A and C of Fig I), and the 
derivatives of L-rhamnose and 6-deoxy-L-talose yielded mass-spectral data Identical 
with the data of the reference compounds The foregomg results establish that the 
sequence of residues m the ohgosacchande derived from the degraded glycan is 
L-rhamnose-(l-+3)-6-deoxy-L-talose-(l+3)-D-galactose In the native glycan, the 
D-galactosyl residue 1s attached to a second L-rhamnosyl residue by a 1+3 hnkage 
The second rhamnosyl residue IS, m turn, attached by a 1+2 linkage to the terminal 
L-rhamnose group of another ohgosacchande and is substituted at O-4 by a D- 

glucosyluromc acid group Repetition of tbs structure several times yields the glycan 
molecule1 
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Fig 1 A photograph of the g 1 c charts for (A) the methylated aldltol acetates from reduced O-D- 

galactosyl-(l-+3)-D-galactose, (B) the ohgosacchande from the tetraheteroglycan oxldlzed by 
ruthenium tetraoxtde and then degraded by base and acid, and (C) reference denvatlves of L- 

rhatnnose and 6-deoxy+talose 1 = 3-0-acetyl-1,2,4,5,6-penta-0-methylgaiactltol, 2 = 1,5-dl-O- 
acetyl-2,3,4-tn-O-methylrhammtol, 3 = 1,3,5-tn-O-acetyl-6-deoxy-2,4-d~-O-methyltal~tol, and 
4 = l,.S-dl-0-acetyl-2,3,4 6tetra-0-methylgalactttol 

The earher data’ from methylatlon analysis, penodate oxldatlon, and p-ehmma- 

tlon expenments are m harmony with the revised structure for the tetraheteroglycan 
The revised structure for the repeatmg umt of the glycan IS thus 

~3)-6-deoxy-L-Talp-(1~3)-D-Galp-(l~3)-L-Rhap-(l~2)-L-Rhap-(l+ 
4 

T 
1 

D-GlcpA 

EXPERIMENTAL 

SeIectzve oxidatron of the tetraheteroglycan wrth rzrthenzum tetraoszde - The 
tetraheteroglycan3 from Streptococczrs bows, stram C, (25 mg), was methylated by 
the Hakomon procedure4 The methylated glycan was purified by chromatography 
on Sephadex LH-20 and the punfied product subjected to /?-ehmmatlon to remove 
the D-glucosyluromc acid group? The product was rechromatographed on Sephadex 
LH-20, dned III a stream of nitrogen, and oxidized with ruthemum tetraoxlde6 A 
syrupy, methylated glycan devoid of D-glucuromc acid groups was obtained 

Degradatzon of the methyzated and oxzdzzed tetraheteroglycan -The methylated 
and oxldlzed glycan was degraded to an ohgosacchande derivative by treatment first 
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with base and then with acid, essentially as described m a pubhshed procedur&. 

However, m order to effect complete hydrolysis of the product, treatment of the 
sample with sodmm methoxlde was extended to 4 h As revealed m later analyses, 
some degradation of the reducing-end residue of the ohgosacchande occurred As a 
result, methylatlon analysis gave a lower yield of 3-O-acetyl-1,2,4,5,6-penta-@ 
methylgalactltol than of the other denvatlves (frame B of Fig 1) 

Structural analysis of the merhylated oligosaccharzde - The methylated ohgo- 
sacchande, obtamed as Just described,, was reduced to the correspondmg aldltol with 
sodmm borohydnde The product was dried ovemlght and then remethylated4 The 
product was successively hydrolyzed, reduced, and acetylated, and the denvatlves 
were rdentrfied by g 1 c -mass spectrometry 3 ’ The results of the g 1 c analysis are 
shown m Frg 1, frame B 

Reference derwatrves and analytzcal methods - O-/?-D-Galactopyranosyl- 
(l-+3)-D-galactose’ (2 mg) was reduced with sodmm borohydnde. and the product 
subJected to methylatlon analysis The g 1 c pattern for the denvatlves from the 
reduced ohgosacchande 1s shown m frame A of Fig 1 L-Rhamnose (5 mg) and the 
native tetraheteroglycan (3 mg) were methylated and subJected to the conventional 
senes of reactlons to obtain methylated aldltol acetates3 ’ The 2,4-dlmethyl ether 
of 6-deoxy-L-talose possessed the shortest retention-time of the denvatlves from the 
tetraheteroglycan The g 1 c pattern for this denvatlve and for the tnmethyl ether 

of L-rhamnose 1s shown m frame C of Fig 1 The g 1 c pattern for other denvatlves 
from the tetraheteroglycan IS not shown m Fig 1 

G 1 c analysis was performed m a 1 83 m x 3 2 mm stamless-steel column 
packed with 3% OV-225 on 80-100 Supelcoport A Vanan Aerograph 1400 gas 

chromatograph was used at a temperature of 190 o Mass spectrometry was performed 
with a DuPont 21-490 mass spectrometer The source temperature was 240”, the 
electron potentral70 eV, and the lomzatlon current 125 PA Mass-spectral data were 
obtamed for all derIvatlves obtarned from the ohgosaccharlde from the glycan except 
for 3-O-acetyl-1,2,4,5,6-penta-0-methylgalactltol, which was present m low con- 
centratlon The mass-spectral data for the denvatlves of L-rhamnose and 6-deoxy-x_- 
talose have been recorded previously 3 ’ Data for the reference compound 3-0- 
acetyl-1,2,4,5,6-penta-0-methylgalactltol were as follows (relatrve abundances In 
parentheses) m/e 45 (lOO), 89 (80), 101 (go), 133 (20), 205 (15), and 248 (10) 
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