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In a recent pubhcation’, we reported structural studies of the capsular poly- 
sacchande (SII) from DzpZococcus pneumonrae Type II The methylatlon analysis was 
an essential part of these studies, and the results, to some extent, con&ted w&h 
previous structural proposals It was concluded that SII IS composed of hexa- 
sacchande repeating umts, contamIng one mglucuron1c acid, two D-glucose, and three 
r_-rhamnose residues The D-gh.ICUrOIUC acid was termmal and a-lmked to the 

6-positron of a D-ghCOSe residue The other D-glucose residue was PO-substituted, 
two L-rhamnose residues were 3-O-substituted, and one was 2,3-dl-O-substituted. 
AddItional structura1 evidence was provided by methylation analysis of SII material, 
whrch had been hydrolysed under nuld condlhons, durmg wkch essentially only the 
r_-rhamnosldlc hnkages should be cleaved 

We have now subJected SII to a new type of degradauon It 1s based upon the 
observation that fully acetylated glycopyranosldes m which the aglycon group 
occupies an equator& position m the most stable char-form (generally the j?-anomer) 
are oxldlsed to esters of 5-hexulosonrc acids by chronuum tnoxrde 111 acetic acld2 3 
The correspondmg a-glycosrdes are reasonably stable under these conditions By 
combmmg ths oxldatron with the methyIation analysis, we may deduce whch of the 
sugar residues m a polysacchande are j?-hnked When a sugar IS J?-linked to an 
a-pyranose resrdue, this procedure also reveals the position of subsQtutxon4, as the 
ester lmkage IS cleaved dunng the Hakomon methylation and replaced by a methoxyl 

group 
Treatment of SII with methyl vmyl ether and an acldlc catalyst yielded an 

acetylated product that was soluble m organic solvents Tbs product was treated 
with hthmm alummmm deutende, and subsequent removal of the acetal groups 
ylelded a carboxyl-reduced SII 111 whch the newly formed, pnmary alcohol groups 
were dldeuterated (C-6 of some glucose resxdues) The results of methylation analyses 
of thus product before and after the acetylation-chronuum tnoxlde treatment are 
Dven m Table I. OnIy one of the sugar residues m the repeatmg umt, a 3-O-sub- 
stituteci L-rhamnose residue, was destroyed by oxidation, demonstrating that this 
residue IS /?-lmked and that the other five resxdues are a-lmked The decrease in 
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2,3,6-tn-O-methyl-D-glucose and the conespondlng increase m 2,3,4,6-tetra-U- 
methyl-D-glucose further demonstrate that the /I-L-rhamnose restdue 1s hnked to 
posrtlon 4 of an H-D-glucose residue 

TABLE I 
PARTIALLY METHYLATED SUGARS FROM THE HYDROLYSATE OF METHYLATED 

CARBOXYL-REDUCED SII (A) AND ACETYLATED, OXIDISED, AND METHYLATED SE (B) 

Sugars 

2,3,4,6-Tetra-OMe-D-Gb 
2,3,4,6-Tetra-OMe-D-G-fCizb 
2,3,4-Tn-OMe-D-G 
2,3,6-Tn-OMe-D-G 
2,4-DI-OMe-L-Rha 
4-Mono-OMe-L-Rha 

T= Molar proportrons 

ECNSS-M 0 V 225 A B 

100 100 08 
100 100 10 10 
248 2 22 LO LO 
2 50 2 32 10 02 
099 092 20 11 
172 1 57 10 10 

‘Retention times of the correspondmg aldltol acetate on the ECNSS-M and OV 225 columns, 
relative to that of 1,5-dl-O-acetyl-2,3,4,6-tetra-O-methyl-D-ghxltol Ihe relative proportlons of 
these sugars were determmed by companng the relative mtensltles of ap xopnate m/e-values m the 
m s of the mixture 

These results, an conJunctton with previous resuits, estabhsh the presence of 
structural elements 1 and 2 m SII 

D-GAP 1 D-Gp 1 3_ L-Rhap 1 
0 # II B 

1 2 

In the prewous investigation, the fragment 3 was proposed, 

D-Gp 1 
e 

but may now be 
excluded as one of the three L-rhamnose resrdues 1s already engaged m structure 2 
The remarmng, conceivable altematrves to 3 are fragments 4 and 5 (where possrble, 
the anomenc nature of the sugar residues 1s grven) 

‘, L-Rhap ‘3, L-Rhap I_ 13 
b L-Rhap 4 L-Rhap -2 

(L D 

2 1 I 
L-Rhap 

3 I 
4 



122 NOTE 

-+ L-map 9 L-map + -+ L-Rhap -+ L&haps L-Rhap+ D-GP i 

D-GAP 

5 6 

The D-glucose resrdue m 5 could elther form part of the termmal element 1, 
gzving structure 6 for the hexasaccharrde repeatmg umt, or form part of the cham 
element 2, grvmg two further alternatives, 7 and 8, for the repeatmg umt. 

-2 L-Rhap ‘3 L-Rhap ‘, 
m a 

3 I I = 

D-Gp 

4 

I I i3 

L-Rhap 

:i= 
D-Gp 

7 

D-GAp -+$ D-Gp -+ L-Rhap -+ I_-Rbap -+ 

2 

I .I= 

D-C+ 

4 

i 1 I3 

L-Rhap 

3 

I 

I3 

Graded, acrd hydrolyses of a methylated polysacchande, followed by reductron 
with sodmm borodeutende, remethylatron wrth tndeutenomethyl lo&de, and 
analysrs (by g 1 c -m s ) of the ohgosaccharide aldrtols formed, has earher been used 
to elucrdate the sequence of sugar resrdues in polysacchandes5 

When SII was subJected to thrs treatment, g 1 c showed two peaks m the 
drsacchande regron The slower of these, from its m s , corresponded to the rsomaltrtol 
denvatlve 9 The aA, fragment (usmg the nomenclature proposed by Kochetkov and 
Chzho@) of m/e 224 contains five deutenum atoms and consequently IS derived 
from the D-ghCUrOIUC acrd resrdue The aA, Ion IS formed from the aA, fragment by 
ehmmatron of methanol The fact that only methanol and no tndeutenome’thanol 
was ehmmated proves that the trideutenomethoxyl group m aA, is located6 at 
posrnon 6. The aldrtol moiety of 9 gives all the expected fragments, demonstratmg 
that the uranic acid residue is hnked to C-6 of a cham D-glucose residue A fragment 
aAldJ, , formed by a rearrangement, consrsts of the aglycon group (Aid), C-l, and the 
methoxyl group from C-3 111 the Dgh.rcopyranose moie@. The for-matron of a 
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- 49 
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C 

192 _ 
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9 

fragment aAldJ, , contamng the algycon part, IS not completely understood7, but 
probably rnvolves elumnation of methyl formate from aAldJ, as m&cated below 

j” 
H&O-CH=O+-AId ti AId++HC 

\ 
OCH3 

aAldJ1 aAldJ2 

The m s of the matenal m the other peak was more complex and mlcated that 
it was a iwture of the L-rhammtol glycoslde denvatrves PO and 11. 

0CH3 I I 
I I 

lgo w 222 i i 215 
187’ ” I 

d2 

: aAldJ, 

-1: I *z 

62 em_-- 
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The D-ghCOpyranose resrdue should have a tndeuteriomethoxyl group at 
either C-4 or C-6, accountmg for the aA, ion at m/e 222 This eon loses either 
methanol or tndeutenomethanoi to form aA, From the ratro for m/e 190 and 187, 
it IS concluded that most of the tideutenomethoxyl should be at posrtron 4 It IS not 
possrble to estabhsh whether the L-rhammtol part 1s substituted at poslhon 2 or 3 
The fragment aAldT, was observed at m/e 275 and 272, and the correspondmg, 
aAldJ,, at m/e 215 and 212 The preponderance of the ion with the highest mass 
number m both cases strongly suggests that most of the L-rhammtol 1s derived from 
the branched L-rhamnose residue m SII These results thus demonstrate that the 
4-substrtuted D-glucose residue m SII is hnked to the branched L-rhamnose residue 
Structure 6 for the repeatmg umt may thereby be excluded, and erther 7 or 8 should 
represent the actual structure. 

These structures should, at the present stage, be regarded as tentatrve, and 
Independent evrdence IS needed rn order to confirm the structural details and effect a 
final chorce 

EXPERIhfENTAL 

General metlzods - Concentratrons were performed under dimlmshed pressure 
at bath temperatures not exceeding 40” G 1 c was conducted with a Perkm-Elmer 
model 900 Instrument, usmg the followmg columns (a) ECNSS-M, 3% on Gas- 
Chrom Q, at 200” for aldrtol acetates and at 165” for partrally methylated aldnol 
acetates, (b) OV-225 S C 0 T column, at 190” for partially methylated aldttol 
acetates, XE 60 5% on Gas-Chrom Q. at 200” for permethylated disaccharide aIdltoIs 
For g 1 c -m s , a Perlcm-Elmer 270 gas chromatograph-mass spectrometer was used 
Mass spectra were recorded at a manifold temperature of 300”, an lomsation potential 
of 70 eV, an lorusatron current of 80 pamp, and an Ion-source temperature of 80” 

Carbuxyl redzzctzon of SZZ - Methyl vinyl ether (3 ml) and toluene-p-sulphomc 
acid (5 mg) were added to a solutron of SLI (25 mg) m methyl sulphoxlde (10 ml) The 
resclltmg solution was kept at 15” for 3 h The excess of methyl vmyl ether was 
removed by evaporation, and the resulting nuxture was added to a column (60 x 5 cm) 
of Sephadex LH-20 which was then rmgated wrth acetone. The acetalated SII (35 mg) 
was recovered with the void volume 

Acetalated SH (30 mg) was dissolved m dlchloromethane-ethyl ether (2 1) and 
treated with hthmm alunumum deutende (50 mg) at reflux temperature for 8 h 
Excess of reductant was destroyed by the additton of M phosphonc actd After 
filtratton and concentration, the yreld of reduced, acetalated SII was 30 mg I r 
showed no carbonyl absorption band Reduced, acetalated SII (25 mg) was dissolved 
1115% aqueous acettc acid and the soluhon was heated at 100” for 1 h The product, 
isolated by concentration of the solutton, was punlied by passage through a column 
(60 x 2 cm) of Sephadex G 15; yield of carboxyl-reduced SIT, 20 mg The result of a 
methylatron analysis of this matenal is shown m Table I (column A). 

Chromrum trioxzde oxzdation of carboxyl-reduced SZL - Carboxyl-reduced SII 
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(10 mg) was drssolved m formamrde-pyndme (30 ml, 2 1), acetrc anhydnde (10 ml) 
was added, and the resultmg mrxture was kept at room temperature for 18 h Water 
(10 ml) was added dropwrse to the cooled and strrred solutron, and the mzxture was 
dralysed agamst distilled water Concentratron and purrficatron by passage through a 
column of Sephadex LH-20, as described above, yrelded carboxyl-reduced, acetylated 
SII (15 mg). 

Powdered chrommm trroxide (30 mg) was added to the solutron of acetylated, 
carboxyl-reduced SH (10 mg) m glaczal acetrc acrd (0 3 ml) The resultmg suspensron 
was agrtated m an ultrasomc bath at 50” for 1 h. The dark reactton mrxture was 
fractronated on a column of Sephadex LH-20 by rmgatron wnh acetone The oxldrsed 
SIP matenal (10 mg) was eluted with the vord volume, free of reagents Methylatron 
analysrs of this product was performed as prevrously described’‘’ but the methylated 
maternal was isolated from the reaction mrxture by partrtromng between water and 
chloroform, and not by dralysis 

Partral hydroi’yszs of methylated Sir - Methylated SLI (25 mg) was hydrolysed 
wrth 90% aqueous formrc acid at 80” for 70 mm After evaporatron to dryness, the 
ohgosacchande zmxture was drssolved m drchloromethane-ether (30 ml, 2 1), and 
hthmm alurmmum deuterrde (50 mg) was added The nnxture was refluxed and, 
after 8 h, the excess of reductant was destroyed by the addrtron of M phosphonc acrd 

After processmg, the resrdue was methylated wrth tndeutenomethyl zodrde, as 
described above The mixture of permethylated ohgosacchande aldrtols was analysed 
by g 1 c -m s Two peaks were obtained m the drsaccharrde regron A, T-value 0 68 
(relatrve to permethylated rsomaltrtol), and B, T-value 1 00 The m s of A had, znrer 
da, peaks at m/e 43(24), 45(21), 55(19), 57(26), 62(24), 69(25), 71(30), 74(15), 75(12), 
78(11), 83(10), 85(12), SS(lOO), 91(12), 96(12), 97(13), 101(24), 104(40), 106(10), 
111(13), 119(U), 148(g), 187(6), 190(24), 212(4), 215(g), 222(4), 272(3), 275(11), and 
B at m/e 43(25), 49(18), 50(12), 61(9), 63(S), 71(15), 73(16), 75(23), 78(12), SS(lOO), 
89(9), 93(21), 101(53), 104(22), 105(16), 111(29), 137(10), 149(22), 181(g), 192(43), 
196(2), 224(5), 228(l), 242(17), 302(4) 
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