
Note 

Structure of the capsular polysaccharide of Diplococcus pneumoniae type 
31 

The polysaccharide from lliplococcus pnerrrnoniue type ? I (S-31 ) contains’ 

r+galactosyl. L -rhamnosyl, and w&cosyluronic acid residues in the molar ratios of 

-2:‘: 1. Methylation analvsis of S-31 provided information about Lhc linkages of 

the different sugar unitx. Oxidation of carhoxyl-reduced S-31 with chromium 

trloxidc ah9 gave ~~aluabl~ information. On the basis of these rt’xults. hix ptwsible 

structure5 wer-c suggestrd’ for the repeating umt ot the polysaccharide. Although 

chromium trioxide ouidaticm gave a clear indication that the n-glucose luronic acid 

and the LWO I -rhamnosyl residues have the p-anomrric contiguratlon. it provided 

no Information about the contiguration of the u-galact~,furanos]vI residues. 

Polysaccharide S-31 has’ a spccitic rot&Ion 01 .- IO’. 7‘hc two /3-l.-rham- 

nopyranosyl residues contribute to the rotation in the positive dlrrcticm. and the p- 

n-giucosyluronic acid residue, in the ncgativiz direction. Therc‘forc. the two D- 

galactofuranosyl units are most probably present in the &uiom~ric ci)nfiguration. 

and it wa an obvious mIstaLe to suggest’ that the two n-g;ll;w<)uvl rtwclues have 

the w-anomeric configuration becauw such a polqsaccharide \\.\ould have ;I htgh. 

positwe specific rot;ation The same conclusion was drawn by I‘> ler’. who calcu- 

lated the specific rotation 01 S-i 1 for all possible anomeric configurati~ms of the II- 

galactos!,l and I -rhamncwyl residues. hTorenver. S-IO and S-3 I ha\,e been known to 

exhibit a minor. usually c)ne-waJ. crow-reactioni It was. thcrcforc, to be ex- 

pectedh that p-n-galactofur;{nc,sidc linkages ;trc present in S-31. a found in S-IO. 

C’onsequently, all 01 thi; >Ilgar residues in S-31 are ,%llnked. I‘he prewnt work was 

undertaken in order tc-, decide the wqut’nw of the different sugar rc~lciuc~ in the 

pcntasaccharide repeating-unit of S-31, 

The S-3 I poly\accharidc was pcrmethylated. and the product was degraded 

with odium methoxidt: in boiling mrthunol tw 0.5 h and for _7 5 h. wcpectivelv. 

During thi, treatment. thr urcrnic acid residue ,md the sugar residue immediately 

preceding it were degr:idcd to ;I considerable extent The degradation product was 

then hvdroly7cd. and the h~dr<~lvzate analyzed bv g.1.0 It t\aa ,~b\c~r~t~d that the _ _ 
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TABLE I 

Methylated sugar.? Mole o/c,u 

A R c 

3.4-Di-O-methylrhamnose 20.8 28.4 31.2 
2,4-Dr-0methylrhamnosc 20.8 17.1 6.3 
2,5,6-Trr-0methylgalactose 41.6 54.5 62.5 
2,3-Di-O-methylglucose 16.7 

‘Key: A, aldttol acetates’ from per-0methylated and reduced S-31; B, alditol acetates from per-O- 
methylated S-31 after degradation with sodium methoxrde for 0.5 h: C. alditol acetates obtained from 
permethylated S-31 after degradation with sodmm methoxrde for 2.5 h. 

proportion of 2,4-di-0-methylrhamnose had decreased considerably in 2.5 h, in 

comparison with the 3,4-di-0-methylrhamnose and 2,5,6-tri-0-methylgalactose 

found in the mixture of alditol acetates from permethylated and reduced S-31. The 

results, shown in Table I, clearly indicated that the 3-O-substituted r*-rhamnosyl re- 

sidue immediately precedes the D-glucosyhironic acid residue in the chain (reading 

from left to right). 

The S-31 polysaccharide was 0-deacetylated. Oxidation of the product with 

sodium metaperiodate, followed by treatment with sodium borohydride, gave a 

polyol, complete hydrolysis of a portion of which gave arabinose and rhamnose in 

the ratio of 2: 1. The arabinose must have been formed from the 3-O-substituted D- 

galactofuranosyl residue, and the presence of rhamnose showed that the 2-O-sub- 

stituted rhamnosyl residue was degraded by periodate, and that the 3-O-substi- 

tuted one survived the oxidation. The rest of the polyol was hydrolyzed at room 

temperature, the hydrolyzate reduced with sodium borohydride, and the alditol 

product divided into two parts. One part was acetylated; analysis of the acetate by 

g.1.c. showed the presence of arabinose only. The other part was hydrolyzed with 

0.5M sulfuric acid for 20 h at lo@‘, and the hydrolyzate acetylated. Examination by 

g.1.c. showed the presence of arabinose and rhamnose in the ratio of 1: I. These re- 

sults clearly showed that periodate oxidation of S-31 produced arabinose and a di- 
saccharide having the structure Ara(l&3)Rhap, the arabinose and the arabinosyl 

group arising from the oxidation of 0-3-linked D-galactofuranosyl units. All these 

results can be explained only if S-31 has structure 1. 

--+a)@L-Rhap( l-+3)&D-Ga?f( 1+3)&L-Rhap( 1+4)@-D-GlcpA( 1+3)&D-Galf( I-+ 

1 

EXPERIMENTAL 

Materials and methods. - Polysaccharide S-31 was kindly supplied by Dr. K. 

Amiraian, Division of Laboratories and Research, State of New York, Albany, 

N.Y. Alditol acetates were prepared as already described’. 



G.1.c. was performed with a Ilewlett Packard Model 5731.A Gas Chro- 

matograph. C’olurnn A (1 .X3 y 6 mm) was glass. packed with .i’i of f”~‘NSS-M on 

Gas-Chrom Q ( 1 O(L 120 mesh ); column 8 ( 1 .S3 m x h mm) \I as glriw. p;~ckcd with 

3’; of OV-225 on G;i+~'hrom C_) ( IOO---I31 mc4). 

Rasr degradation of per-O-methylated S-31 uas performed by LISIII~ :I knoun 

method’. ‘I’he product W;I~ :matvzetl as the alditol acetatck in column\ .-I and ff :ir 

17(1’. 

Oxidntiotl oj’ S-.?l bcaiill pcuwdtitr. Polysaccharide S-3 t was O-deacctylated 

with 0.01~ sodium hydrosidc solution for 2 h. ‘1‘0 a O.O> -(i solutmn (‘0 mI_) 01’ the 

deacetylatcd S-31 was added 0 7ar sodium metaperiodate soluticln (5 ml ). and the 

mixture was kept in the dark tar 4% h at 5’. T’he t‘xcc‘ss of perlociatc was decom- 

posed hv adding cthvlenc &co1 (0.5 ml.), and after 3 h. the mi\!ure w;ts dial\zrcl 

against distilled water Sodium horohvdride (50 mg) was ;~&it‘d. :rnd the ucjlutl<>n 

was kept for 4 h at room temperature. decntionized with I~oucx-~~)U’ ?iN (II. ) ron- 

exchange resin. and evaporated to dr! nas. Boric ;rclci iv;15 I emok cd b\ repeated 

addition and evaporation of methanol. Aldltol acetates prepared from ;I portlnn ot 

the pnlyol thus obtained wer-c an;llyzed by g.1.c. (column .-\ at 1’41 1. ‘I‘he rat ofthc 

polyol was hydrolyzed witIt 0.5~1 sulfuric ac~d for h h at room tcmperaturc. -I-he 

acld was neutralized with hanurn carbonate. the suspension filter-cd thnqh 3 Ce- 

Ilte bed. and the filtrate dccattonl7ed wtth Ambrrlltc IR- 170 (H _ ) Ion-exchange 

resin. the suspension liltercd. and the filtrate concentrated to ;I small \,~lume. I‘hc 

materral was then reductxI w;lth socilum horohydrldr in the usual ~a>, antI the ~jlu- 

tion was divided into two parts. One part was acctqlatecl with ;icctlc anh~dride- 

pyridine. and the product cuamlned hy g.1.c. (column .4 at lYO’.). ‘I’hc other part 

was hvdrolvzed with 0.5~ sulturic acid for 3) h at 100”. and. ;tftc!- ncutrali7ation of . . 
the acid. the solution W:I\ c\aporatcd to drvnesa. ‘I‘hc res~duc was acct!latcd \tith 

acetic anhydridc~-pyridlnr and the products ex;mlincd hy g.1.c. (columr? .? at IYO”). 


