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Bactenal hpopolysacchandes of the Shlgella genus, uuhke those of the 
Salmonella’, have not been studled m detail The structures proposed for 5% pexnerz 
hpopolysacchandes’ were recently remvestlgated3 We have chemotyped the S/z 
dysenterrae4 and Sh boydzz’ serotypes on the basis of the monosacchande composlhon 
of the respective hpopolysacchandes We now report data on the structure of the 
0-spec&c cham of S’lt boydzz 6 hpopolysacchande 

Isolation of the 0-specliic polysacchande by mdd hydrolysis of rhe hpopoly- 
sacchande6 and its characrenzation and monosacchande composltion have been 
described previously’ The polysacchande IS composed of D-galactose, D-mannose, 
2-acetanudo-2-deoxy-D-galactose, and D-glucuromc acid residues m the ratios 1 2-l 1 
When the polysacchande was methylated (Hakomon’) and then methanolysed, and 
the product muttnre subJected to ion-exchange chromatography, the methyl glycosldes 
of part&y methylated ammo and neutral sugars were obtamed The former was 
ldentlfied as methyl 2-deoxy-4,6-dx-U-methyl-2-methylarmno-D-galactoslde, smce the 
mass spectrum of its N,O-dlacetyl derlvatlve was closely slm&r to that of the cor- 
respondmg glttco Isomer, prepared from benzyl 2-ace-do-2-deoxy-3-0+-D- 
galactopyranosyl-a-D-glucopyranoslde ’ Both mass spectra were m agreement with 
the hterature datalo The methyl glycosldes of the pa&ally methylated, neutral sugars 
were converted mto the correspondmg aldltol acetates by hydrolysis, followed by 
reduction W&I borohydnde and acetylation G 1 c and g 1 c-m s of the products 
revealed denvatives of 3,4,6-tn-O-methylmannose, 2,3,4-tn-O-methylmannose, and 
2,6-dl-O-methylgalactose m the ratios I 1 0 7 Methylatxon analysis of the carboxyl- 
reduced polysaccharide’ gave 2,3,4,6-tetra-O-methylglucitol dlacetate together with 
the above components m approxunately equivalent amounts 

That glucuromc acid was hnked to galactose followed from the isolation of a 
glucuronosylgalactose upon acid hydrolysis of the polysacchande7 Base-catalyzed 



330 NOTE 

degradation of the gluc~voru c acrd moiety m the permethylated polysacchande, 
followed by mild hydrolysis with acid, deutenomethylation’ ‘, and g I c and g 1 c -m s 
of the derrved methylated aldrtol acetates, revealed the presence of 2,6-dr-O-methyl- 
4-O-tndeutenomethylgalactrtol trracetate wrth conconntant loss of 2,6-di-O-methyl- 
galactrtol tetra-acetate Thus, the glucuromc acid residue IS hnked to posrtron 4 of 
galactose 

On treatment of the poIysacchande with periodate, all of the mannose was 
oxrdlzed and the ratro of survrvmg galactose to 2-ammo-2-deoxygalactose was 1 1 
Penodate oxrdatron of the Smrth-degraded polysacchande changed this ratro to 10 3 
Thus result, together wrth the methylatron data, indicates the presence of a 2-ammo- 
2-deoxygalactosyl-(1+3)-galactose fragment m the polysacchande The same 
fragment has been found m Sh dysenter~ae 3 polysacchande’ 2 

Partral, acrd hydrolyses of the polysacchande gave a mixture of acrdrc com- 
ponents, from whrch an aldotnouromc acid conststing of mannose, galactose, and 
glucuromc acrd was Isolated, this acid reacted with the tnphenyltetrazohum reagent, 
thus excluding a (1+2)-hnk between galactose and mannose. 

Reduction of the aldotrrouromc acrd wrth NaBT4 and oxrdatron of the product 
with penodate gave radloactrve formaldehyde (Isolated as the dlmedone denvatlve), 
thus confirmmg the presence of a galactosyl-(1 -$I-mannose fragment 

The configuratrons of the glycosrdrc bonds m the polysaccharrde were 
determmed by apphcatron of the chrommm trroxrde-oxrdation procedure’ 3D14 
Analysrs of the acetylated, carboxyl-reduced polysacchande revealed the loss of 
2-ammo-2-deoxygalactose on oxrdatron An cz cotiguratron may therefore be asslgned 
to all the glycosrdrc bonds except that of 2-ammo-2-deoxygalactose The [a]n value 
(f 90”, water) of the polysacchande accords wrth thus conclusron 

From the foregomg evidence, the repeating umt of the 0-specrfic polysacchande 
of Sh boydrr 6 hpopolysaccharide can be assigned the followmg structure 

-t3)-~-D-GalNAc-(l~3)~-D-G~-(~-t6)-a-D-Man-(l~2)~-D-M~-(~~ 

4 

t 
i 

a-D-GlcA 

EXPERIMENTAL 

General methods - G 1 c. was performed wrth a Pye serres 104 (Model 64) 
mst unrent eqmpped with a dual, heated, hydrogen game-ionisatron detector coupled 
wnh a Vldar Autolab 6300 c&ml integrator Separations were camed out on a glass 
column (0 4 x 90 cm) packed with 3% of ECNSS-M on 100-120 mesh GasChrom Q 
(column A), or a steel column (0.6 x 150 cm) packed wrth 3% of SE-30 on lOO- 
120 mesh Dldtomlte CQ (column B) G 1 c -m s was performed with a Vanan MAT 
111 “GNOM” mstrument, usmg the same columns Paper electrophoresrs was 
carrred out on Frltrak FN-I I paper 111 a 25mM pyridimum acetate buffer (PH 4 5) at 

28 V/cm Solutrons were concentrated m vacua at 40” 
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Methyiatron analysrs of the poIysaccharrde - Using the conventional pro- 
cedure’, the methyIated polysacchande (-2 mg) was heated m a sealed tube with 
1 ml of M hydrogen chlonde m methanol for 20 h at 100” The solution was then 
concentrated to dryness and a sol&on of the residue m 50% aqueous methanol was 
passed through a column (0 7 x 5 cm) of Dowex-SO(H*) resm by elutlon with 30 ml 
of 50% aqueous methanol to give the methyl glycosldes of the partially methylated, 
neutral monosacchandes The eluate was concentrated to dryness, the residue was 
heated with 1 ml of 85% formic acid for 1 h at lOO”, the hydrolysate was concentrated, 
and the residue was heated with 1 ml of 0 3~ hydrochlonc acid for 16 h at 100”. The 
resultmg sugars were converted mto the correspondmg aldltol acetates by the con- 
ventlonal method G 1 c and g 1 c -m s revealed three peaks, w&h T values (relative to 
1,5-di-O-acetyl-2,3,4,6-tetra-0-methylmanmtol) of 1 94, 2 47, and 3 92 (column A, 
155”), which were ldentlfied from their mass spectral5 as the acetates of 3,4,6-tn-O- 
methylmanmtol, 2,3,4-tn-0-methylmanmtol, and 2,6-dl-0-methylgalactitol The 
same components were detected on hydrolysis of the methylated polysacchande with 
formic and hydrochlonc acids, followed by borohydnde redution and acetylatlon 

The Dowex-50 column was next eluted w&h 15 ml of 2M ammoma m 50% 
aqueous methanol, the eluate was concentrated, and the residue was treated w&h 
0 4 ml of acetic anhydnde and 1 ml of pyndme at room temperature overnrght The 
mixture was concentrated to dryness and the residue was analysed by g 1 c and 
g 1 c -m s A smgle peak was detected with a T value (relative to methyl adeoxy- 
3,4,6-tn-O-methyl-2-N-methylacetarmdo-cr-~-galactos~de) of 1 18 (column B, 210”), 
the mass spectrum contamed the followmg peaks m/e 43 (65%), 45 (43), 56 (32), 

71 (36), 73 (91), 98 (59), 100 (X3), 101 (48), 102 (20), 115 (loo), 142 (53), 157 (9 3), 
169 (24), 186 (2 7), 187 (2 7), 214 (S), 228 (2 7), and 246 (4) 

Methylatlon* of benzyl 2-acetamxdo-2-deoxy-3-O-jSD-galactopyranosyl-cr-D- 
gIucopyranosldeg, followed by methanolysls, isolation of the ammo sugar fraction, 
and acetylatlon, afforded methyl 3-O-acetyI-2-deoxy4,6-d~-O-methyl-2-N-methyl- 
acetamldo-D-glucopyranoslde, the mass spectrum of wbch comclded with that of the 
2-ammo-2-deoxygalactose denvative Isolated from the polysacchande 

The methylated polysacchande (-2 mg) was dissolved m 3 8 ml of methanol 
and 0 2 ml of 2,2-&methoxypropane, a catalflc amounr of toluene-p-sulphomc acid 
was added, and the mixture was boiled under reflux for 30 mm Sodium (-50 mg) 
was added and bolhng was continued for 2 h Treatment’ f of the reaction product 
with dilute acetlc acid, followed by tndeutenomethylation and sugar analysis (g 1 c - 
m s of aldltol acetates), reveaIed the formatlon of 1,3,5-tn-0-acetyl-2,6-dx-O-methyl- 
4-0-tndeutenomethylgalachtol, T (relative to 1,5-dl-O-acetyl-2,3,4,6-tetra-O-methyl- 
galactitol) 1 44 (column B, 180°) 

The carboxyl-reduced polysaccharide was obtained by treatment’ 6 of a solution 
m methyl sulphoxlde wth dlazomethane The resulting methyl ester was reduced by 
dissolution m 0 2s~ borate buffer (PH 7 7) and treatment with potassmm borohydnde 
at room temperature for 1 k The product was Isolated by gel filtration 

Perrodate oxzdatzon of the polysaccharlde - Polysacchande (2.9 mg) was 
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treated with 3 ml of 0 fM sodium penodate for 48 h at room temperature in the dark 
Potassmm borohydnde (100 mg) was added and, after 1 h, the reactlon mixture was 
passed through a column (2 3 x 35 cm) of Sephadex G-25 The fraction eluted with the 
void volume of the column was freeze-dried and the resxdue was subJected to sugar 
analysis’ as follows 

The polysaccharide (- I mg) was hydrolysed mth 1 ml of 2~ HCl at 100” for 
4 h The hydrolysate was concentrated to dryness, and the residue was Assolved m 
0 3 ml of water and treated with 0 5 ml of 33% acetic acid and 0 5 ml of 5% aqueous 
sodmm mtnte for 40 mm at room temperature KU-2(Hf) resm was then added and 
the solutxon was freeze-dned A solution of the residue m water (1 ml) was treated 
with 5 mg of potassium borohydnde for 1 h, then delomzed with KU-2(Hf) resm, 
and concentrated to dryness, and bone acid was removed from the residue by 
dlstrllation of methanol (3 x2 ml) therefrom The resultmg aldltols were acetylated 
wth acetxc anhydnde-pyndme at 100” for 15 mm, and the product mixture was 
subJected to g 1 c (column A, 190”) 

A solution of the oxidlsed-reduced polysacchande m 2 ml of 0 5M hydrochlonc 
acid was kept overmght at room temperature and then freeze-dried The residue was 
dissolved m 2 ml of water, and treated urlth 30 mg of sodium metapenodate for 16 h 
at room temperature and then mth 20 mg of potassmm borohydnde for 2 h. The 
reaction rmxture was passed m succession through columns conmmng 5 ml each of 
Amberhte IRA-4Ul(AcO-) and KU-2(H+) resms The eluate was concentrated to 
dryness and the residue was subJected to sugar analysis as descrxbed above 

Partzal, aczd hydro~yszs of the polysaccharzde - The polysacchande (12 9 mg) 
was heated mth 1 3 ml of 0 3~ hydrochlonc acid for 2 h at 100” The solution was 
freeze-dned, and the residue was dissolved m water and passed through a column of 
Amberhte IRA-4Ol(AcO-) resm (5 ml) The column was eluted with water (20 ml), 
and the acldlc components were desorbed by elutron with 10 ml of 15% acetic acid 
This fraction was subJected to preparative paper electrophoresls for 90 mm Two 

zones (RtlcA 0 7, 0 5), detected after stammg of guide stnps wrth alkalme sliver 
nitrate, were eluted with water Acid hydrolysis of the fast-movmg component, with 
2hf hydrochlor,c acid for 16 h at lOO”, afforded glucuromc acid and galactose, 
mannose was <-btamed as an addItIonal product on hydrolysis of the second com- 
ponent 

A solutlon of the aldotnouromc acrd (RGIcA 0 5, - 1 pmole) m 100 ~1 of 0 01~ 
borate buffer @H 9 25) was added to a tube contmmng -0 5 PmoIe of tntmm- 
labelled sochum borohydnde After 2 h at room temperature, sodmrn borohydnde 
(a 2 mg) was added, and after a further 2 h, the solution was acidified urlth acetic acrd 
and concentrated to dryness Bone acid was removed from the resxdue by evaporation 
of methanol (5 x 2 ml) Therefrom The product was subJected to paper electrophoresls, 
and the acldlc component (located by stalmng of gmde stnps with penodate- 
benudme) was eluted with water (5 ml) to Dve the reduced, ra&oactive aldotrlouromc 
acid A solution of this product m 1 ml of water was treated ~1% 70 mg of periodic 
acid dehydrate for 30 mm, galactito1 (9 66 mg, 53 pmoles) was then added followed, 
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after 2 h, by a solution of dlmedone m phosphate buffer’ ’ The preclpltate was thnce 
recrystalhzed from methanol to give the dImedone-formaldehyde complex, m p 190- 
192”, actlvlties of 5300,4470,4170, and 4460 counts mm-’ pmole- ’ were obtamed 
for the crude preparation and the three crystalhne samples, respectively 

Determznatzon of tire confguratzozzs of tlze glycoszdzc bonds - The carboxyl- 
reduced polysacchande ” (15 mg) was dissolved m freshly dmtilled formamlde (3 ml) 
and treated with 2 ml of acetlc anhydnde and 2 ml of pyrldme for 24 h at room 
temperature The hght-brown solutlon was dlalysed agamst dIstilled water, and the 
product was IsoIated by freeze-drymg A portlon of this acetylated polysacchande 
was subJected to methanolysls (M hydrogen chlonde m methanol, lOO”, 30 mm) 
followed by hydrolysis (2~ hydrochloric acid, IOO”, 4 h) The hydrolysate, after 
deammatlon, borohydrlde reduction, and acetylatlon, was analysed by g 1 c (column 
A, 190”) 

The acetylated polysacchande (- 10 mg) was dned over P,Os at 50”/0 1 torr 
for 2 h and then dissolved m 0 3 ml of glacial acetlc acid, chrommm tnoxlde (30 mg) 
was added, and the mixture was kept at 50” for 2 h The reaction mxxture was diluted 
with water, and the product was extracted with chloroform The extract was washed 
with water and concentrated to dryness, and the residue was subJected to sugar 
analysis as described above 
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