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ABSTRACT 

The antigenic polysaccharide produced by Eubacterium saburreum, strain 

T27, is a homoglycan composed of D-glycero-D-g&c@-heptose (Hep) residues 

having a nonasaccharide repeating-unit with the structure J+ 6)-[a-Hepf-( l-+4)]- 

/3-Hepp-( lj-+ 36)-[a-Hepf-(1+2), a-Hepf-(l-+4)]-P-Hepp-( l--+. The polysac- 

charide contains acetyl groups linked to O-2 (except to the 2,4,6-linked hep- 

topyranosyl residue), O-3 and O-7 0, part of both heptopyranosyl and hep- 

tofuranosyl residues. The assignment of an acetyl group at O-3 of part of the termi- 

nal heptofuranosyl and 4,6-linked heptopyranosyl groups is tentative. 

INTRODUCTION 

The structure of a cell-wall antigen produced by Eubacterium saburreum, 
strain L44 (ref. 1) was reported to be that of a linear polysaccharide composed of 

(l-+6)-linked D-glycer@-D-galacto-heptopyranosyl residues, part of which are 

acetylated at O-7. The polysaccharide has been known as the only example of a 

bacterial homoglycan composed of heptose residues. Recently. a new strain, T27, 

of the same organism was isolated in our laboratory. The antigenic polysaccharide 

from strain T27 contains the same components as that of strain L44, but differs 

from the latter strain in its serological specificity. We report herein the structure of 

the new antigenic polysaccharide. 

RESULTS AND DISCUSSION 

Acid hydrolysis of the antigenic polysaccharide gave two compounds, in the 

ratio of 47:3. The first, isolated by p.c., was identified as D-glycero-D-galacto-hep- 

tose. The mass spectrum of its per-0-trimethylsilylalditol derivative showed that it 

was derived from a heptose. The ‘H-n.m.r. spectrum of the sugar was indistin- 

guishable from that of an authentic sample’, and its optical rotation, [cr]: t-56” (c 
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1.3. water). was in good agreement with the published value-. The second com- 

pound. isolated hq’ column chromatography on Dowt‘x 1 (Ml: 1. was ldcntitied ;I\ 

1.6-anhydro-D-g!\,~:,~~~-~r-~-,~~~~J~~~~-heptofurrlno~e. It sho\\eci nc) reducing power 

and the optical rotation of the per-l_I-acetyl derivative. jaj-$ + 148’ (c 0 h, chlor<)- 

form). was in good agreeniL-nt with the \~11ue rcpr)rteci tar ‘.a.5.7-t,tra-O-acet~l- 

1.6-anh~dro-r)-g!\~~,f~~)-~~-i)-,~f7/Nr/r)-hept~)fur~in~~se ‘. The ’ H-n.m.r. q~ectrum of the 

per-O-acetyl dcrivntix,e compound was identical bith that of an authcntlc sample ‘. 

The mass spectrum of its i”r-O-trimcthvlsilvl deri\ati\c iti><) ga\e results compatl- 

ble with a 1 .6-zinhctlroheptolurartosr structure. \howinp ;I peak ,II vz : 435 (hl ’ -- 
15) and intense peaks at ~CZ 319 and 217 (base peak). I‘he Intense peak at 111;: 310 

is characteristic for ;I htxc~furaxG_icl . and the peak dt I&Z 217 ii cithcr the base 

peak or the second. m~)st Intense peak in the rna\s spectra ok furano~ides. On the 

other hand. ;i peak at r~‘- _ 70-b. which u:~s 4lonn’ to hc much morr prominent 111 

the mass spectra of pyranckdcs than in those ot furanoaidcs. was obtained in loa 

Intensity. ‘The result indrcatcs that the sugar ha\ a turanoxe ring <tructurr. Thex 

diita Indicate that I)-g/~c’c’rc,-t,-sJJliJclf)-h~Iti~~~’ is the \oic sugar com[:onent of tht, 

antigenic pol?;saccharidc . and supgesl that 1 .f~-,tnh~dro-i)-~l\‘c.t~r-o-l~~ ij-#ii&-to-hep- 

tofuranose wax formed from the heptose residues during acid h!tirolvsIs of the anti- 

genie polysacchsridc. under conditions similar ICY thou rrrptrrl~xl h> Angkal anti 

‘l‘ran’ 

The ‘El--11.m.r. spectrum of the polysaccharide shomcd signal\ attributable tcr 

two anomcric protcm5 al 5 q-.30 (J, 1~1~) and 4 h7 I./,,: 7 Hz), ;tnJ lor O-acctli 

groups at h‘ 2.16 (s) ‘I‘his indrc~~tcs that the hcptosc reGdue\ in the p~>lcsaccharidc 

are present in two diffcrcnt ;tnnmcric or ring tot-m\. 

In the methylation .tnal>,sis of the polysaccharide. the parfialik meth~latcd 

sugars, identified as aldltol ac’ct;lte>. were ‘,.i.5,~).7-pent~t-CI-rncLh\Itiepto\c t I ). 

‘,.?,7-tn-O-methvlhepto~c (2). and 3,7-di-O-mcthvlhept(~~e 1.3) 111 the proportlon of 

5:3: 1 (see Scheme I ). These rcsultx indkttc that the antlgenlc PnI~,a;lccllaridc con- 

tains a nonasaccharide repeating unit, and that. ot the mnc sugar rL%srduea. five 

occur as furano\yl end-groupx, three as pyrannsyi br~lnchin~-re~lcfura O-glycos~l- 

atcd at O-4 and -6. and the remaining residue as ;i r~r,lnc,s?l-hr;lnchin~ residue C)- 

&lycosylated at 0-z. -3. and -6 

The possihilitk that the branching residues are In turanosy~l 01 xcptanosyl 

form was eliminated a$ fo!iows. ‘The polysaccharlde ~215 partialI> h~drolyxd iO.5~ 

sulfuric acid, 100”. 2.5 hi. fracticlnated by gel filtration. ik!duccd M ith uodlum 

horodcuteride. methylated. and hydroivxtl. Subsequcnti~,_ the kug;i!-K in the hy- 

drolyzate were reduced with sodium horohydrlde and acct~latcti. :md the product 

was analyzed hy g.l.c.-m.s Three component:, were obtarncd that were Identified 

as 6-O-acetyl-I ,3.i.j._5.7-hesa-O-methvl-( l-‘f-l)heptitcji (4). I &Ii-Ckrcet~l- 

2.3,~.6,7-penta-0-meth~lhertitol (51. _ and 1 ,S.h-tri-~)-acct~I--1.?.J.I-tetr~l-O- 

methylheptitol (6) (WT Scheme I ). C’ompound 5 was obvmtl~ly der~k,cd frc>m hep- 

topyranosvl residues located at the nonreducing ends 0f ciligosaccharlties. 6 from 

internal-chain heptopyranosyl rcsrducs, and 4 front reducing heptopvranosc re- 
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Scheme 1 Fragmentation patterns of compounds I4 
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sidues. Therefore, none of the heptosyl residues of the main polysaccharide chain 

could have been present in the furanose or septanose form. 

Acid hydrolysis of the polysaccharide under mild conditions (50mM sulfuric 

acid, 80”. 3.5 h), followed by methylation analysis, gave. as alditol acetates, 

2,3,5,6,7-penta-0-methylheptose, 2,3,4,7-tetra-0-methylheptose, and 2,3,7-tri-O- 



methylheptose. in the proportion of 5:8:5. Assuming that none 01 the hep- 

topyranosyl linkages of the original polysacchxidr were cleuv,etl during the mild 

acid hydrolvcis, and considering that no 3.7-di-O-mcthvlheptitol ws obctxved. the 

sum of the last two alditols must account for four heptopvranoxvl residutzs, and the 

5:X:5 ratio of the three methyl:ated compounds can. theretore. bc exprexscd as 

1.53:1.-E: 1.3 (‘Table I). As shown in Table 1. the tncrease _ . after hvdrolysts. of 

2.3,-t.7-tetra-O-methylheptosc ( + 2.-h) is proportional to the total circr~asr In 

3.3,7-tri-O-methvlhrptosc ( - I .16) and 3.7-di-O-mrthvlheptose ( - I .I)())? ;rnd the 

decrease in 2.3.5.6.7-penta-0-methvlheptose ( - 3 Ih) IS :IISO prop~~rtton:tl to the 

total decrease in ?.i.7-tri-O-methvlhcpt~xc ( - 1 .Ih) :tnd .~.?-di-O-m~thvlhcptc,se 

(3 x -- I .()(I) (Table I). 

These results demonstrate that the terminal rl-R(\.c.rro-D-gtrlc2clo-hep- 

tofuranosyl groups are attached to 0-d of the J,6-O-diglycosyl:rted t~-~~/~ce’rr+D- 

gulacto-heptopyranosyl residues, and to O-2 and O--t of ‘.~,h-O-triglycosylatz[l I?- 

Rl~~rro-I~-gcrlacto-pyr~nosyl residues. The Libsence of ?,7-di-CAmrthvlhcpto$e fol- 

lowing mild-acid-catalyzed hydrolysis indtcattx that the 0-D-Sl~ccJrc,-D-Srtltrc.to-hep- 

tofuranosyl-( I--~~)-n-~:!vt~ro-L)-~~~~a~.~~~-hept(~pyr~lnosyl linkage is more re;idily hy- 

drolyzable than the corresponding ( I-4) linkrtge. 

‘I‘hc O-xctyl groups vvere located by the method of de Helder and Norrman’. 

i.e., by protection of the frt-c hydroxyl groups by treittmcnt with methkl \,inyl cthet 

and :I trace of p-t”lucrlexultc:llic xid. followed by mcthvlation an,rly\is. ITour calm- 

ponents wet-c obtained th;rt were tdentified as the slditol ;tcetatc‘s ot the hcptosc. 7- 

O-methylheptose. 7-O-mcth\,Ihcptosc. ;tnd .i-(~-mcthvlheptoxe. l‘hc r-atlo of the 

four derivatives wax found to tbc -57:X: 105. Thts result md~catt~ that 26’; of the 

heptose residues arc acetyi;ttc‘cl at O-7. IO'i at O-2. and 7“; ;I: O-.3. 

In order to establish the positions 01 the CI-acctyl groups on the hepto- 

pyranosyl and -furanosyl r-exidues. the polysaccharidr W;IS treated with methyl vinyl 

ether. methylated with (-??,)methvl i<>dtde. hydrnivzed under rn~ld condittons to 
7 

. . 
remove the acetal groups. and rcmethvhtted with methvl iodide“. In thk proce- 

dure. the substitution by O-acctyl groups rn the original polysacch:trtde 1s rcfected 
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in the substitution pattern of the (2H,)methyl groups. The hydrolyzate of the final 

product was reduced with sodium borodeuteride, acetylated, and analyzed by 

g.l.c.-m.s. Three components, 2,3,5,6,7-penta-O-methylheptose (l), 2,3,7-tri-O- 

methylheptose (2), and 3,7-di-0-methylheptose (3), were again obtained. M.s. 

(see Scheme 1) demonstrated that all the heptose derivatives contained (in part) 

(*H3)methyl groups at O-7 (CH20CD3-7, m/z 48); except for 3, at O-2 (CHDOAc- 

l-CHOCD,-2, m/z 121); and at O-3 in 1 and 2 (CHDOAc-l-CHOMe-2- 

CHOCD,-3,. m/q 165) and in 3 (CHDOAc-l-CHOAc-2-CHOCD,-3, m/z 193). 

The ion at m/z 165 in 1 and 2 is not unequivocal evidence for a (2H,)methyl group 

at O-3, because the same ion at m/z 165 is also given by the fragment that is not 

(2H3) methylated but at O-3 but at O-2 (CHDOAc-l-CHOCD3-2-CHOMe-3). 

Accordingly, the identification of the position of the 0-acetyl groups in 1 and 2 is 

tentative. These results demonstrate that 0-acetyl groups are distributed between 

both heptopyranosyl and heptofuranosyl residues. 

The optical rotation of the original polysaccharide, [(.y]g 1-13.8” (c 1.0, 

water), decreased on mild acid hydrolysis, and a product, from which -70% of the 

heptofuranosyl groups had been removed (Table I), showed [LX]; -6.7” (c 0.8, 

water). These results suggest a /3 form for the D-glycero-D-galacto-pyranosyl re- 

sidues, and an cy form for the D-gjycero-D-ga!acto-heptofuranosyl groups. The ‘H- 

n.m.r. spectrum of the degraded polysaccharide obtained by mild-acid hydrolysis 

showed two signals in the anomeric region, one of which, at 6 4.67 (J,,? 7 Hz), was 

stronger than the other at 6 5.20 (J1,Z low). These signals could be assigned to H-l 

of the D-glycero-P-D-galacto-heptopyranosyl residues and to H-l of the D-glycero- 

cY-D-gafacto-heptofuranosyl groups, respectively. 

I 
O--AC 

I &AC 
HCOH 

H,CO--AC 
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with 0.5M sulfuric acid (3 mL) for 2.5 h at loo”, and the hydrolyzate was placed on 

a column (1 x 139 cm) of Sephadex G-25 which was eluted with water. The frac- 

tions other than those corresponding to monosaccharide and void-volume regions 

were pooled and reduced with sodium borodeuteride, and the product was me- 

thylated. The methylated product, which was isolated by partition between chloro- 

form and water. was hydrolyzed, reduced with sodium borohydride, acetylated. 

and analyzed by g.l.c.-m.s. The proportions of 4 corresponding to 1,2.3,4.5,7- 

hexa-0-methylheptose, 5 corresponding to 2,3,4.6.7-penta-O-methylheptose, and 

6 corresponding to 2,3,4,7-tetra-O-methylheptose were 27:30:33. 

Another portion of the polysaccharide (8 mg) was hydrolyzed with 5omM sul- 

furic acid (2 mL) for 3.5 h at 80”. The degraded polysaccharide was recovered by 

dialysis, lyophilized. and subjected to methylation analysis. 
Location of 0-acetyl groups. - The polysaccharide (15 mg) and 

p-toluenesulfonic acid (5 mg) were dissolved in dimethyl sulfoxide (1.5 mL) in a 

stoppered flask. Methyl vinyl ether (2 mL) was added and the solution was kept for 

4 h at 14-15”. The clear, yellow mixture was placed on a column (1.5 X 41 cm) of 

Sephadex LH 20, which was then eluted with anhydrous acetone. The separation 

was monitored by optical rotation, and the acetal derivative was eluted in the void 

volume. free of reagent. The acetalated polysaccharide was methylated, hydro- 

lyzed, reduced with sodium borodeuteride, acetylated, and analyzed by g.l.c.-m.s. 

G.1.c. (OV-225 column, at 210”) showed the presence of four components having 

the retention times relative to D-glucitol hexaacetate of 1.35, 1.65, 2.11, and 2.41. 

They were identified as 1,2,3,4,5,6-hexa-O-acetyl-7-O-methyl-(l-2H)heptitol 

(26%), 1,3,4,5,6,7-hexa-O-acetyl-2-O-methyl-(l-”H)heptitol (lo%), 1,2,4,5,6,7- 

hexa-O-acetyl-3-O-methyl-(l-2H)heptitol (7%), and 1,2,3,4,5,6,7-hepta-O-acetyl- 

(l-2H)heptitol (57%), respectively. 

Another portion of the polysaccharide was treated with methyl vinyl ether 

and methylated with (‘H,)methyl iodide. The product was hydrolyzed with 90% 

formic acid for 30 min at 40”. recovered by dialysis, and lyophilized. Remethylation 

with unlabelled methyl iodide was followed by hydrolysis, borodeuteride reduc- 

tion, acetylation, and analysis of the product by g.l.c.-m.s. 
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