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ABSTRACT 

On graded hydrolysis and Smith degradation, the O-somatic polysaccharide 

isolated from Shigella dysenteriae type 10 bacteria yielded four oligosaccharides 

which were characterized by methylation studies. Immunochemical studies using 

constituent monosaccharides and the oligosaccharides indicated that the sugar 

grouping +3)-ManNAc-(l--+3)-Rha-(1+4)-GlcNAc-(l& was the immunodomin- 

ant part in the polysaccharide molecule, and that 2-acetamido-2-deoxy-D-mannose 

contributed maximally to the immunological specificity of the macromolecule. 

INTRODUCTION 

Based on the results of methylation, Smith degradation, and oxidation with 

chromium trioxide, the repeating unit of the O-somatic polysaccharide of Shigellu 
dysenteriue type 10 was reported by Dmitriev et al. ’ , but it has been observed in our 

laboratory that the structures of O-somatic polysaccharides of some serotypes of 

this organism differ from those published earlier; one of them is* type 7. In the pre- 

sent investigation, the polysaccharide isolated from Sh. dysenteriue type 10 bacteria 

(strain 2050.52) was subjected to methylation and periodate oxidation with a view 

to checking whether the structure of the polysaccharide isolated in the present 

studies was identical with that used by the earlier workers’. The polysaccharide was 

subjected to graded hydrolysis and Smith degradation, and the oligosaccharides 

obtained were used to enhance understanding of the immunochemical specificities 
of different sugar groupings in the macromolecule. 

*To whom correspondence should be addressed 

0008-6215/83/$03.00 0 1983 Elsevier Science Publishers B.V. 



Cells of Ship&r dy.scwtrriue type 10 (strain 2050.52) were obtained from a 72” 

h growth of the strain on brain-heart infusion-agar in Roux bottles. The protcinace- 

ous part of the bacteria1 cells was removed by treatment with 45“;’ aqueous phenol 

at 65-W. The resulting product contained nucleic acid and lil~“l’“lSs”c~h”ride 

(LPS). The nucleic acid was precipitated as a complex ivith Cctavlon. ;~nd the LPS 

was isolated. It was further purified by passing it through a column of Sephades G 

100. to remove the r-cmaining nucleic acid. The LPS was eluteti as a single sub- 

stance in 87% yield, and it had [cY]~; 130’. 

The LPS was cleaved by heating in 1 S+j acetic acid for I .5 h ai 100”. After re- 

moving the lipid by centrifugation. the material was Cractionatcd on a column of 

Sephadex G-75 (see Fig. I ). ‘l‘hree fractions. designated F, ( 107 mg. [a]$ +X5’). 
F2 (85 mg. [n]$ +81”), and F3 (55 mg, [n]:: +W), in the order of their elution 

from the column. were obtained. F, being eluted first. Each fraction was found to 

he electrophoretically homogeneous. In the Ouchtcrlony gel-diffusion’ test against 
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TABLE II 

RESULTS OF METHYLATION ANALYSIS OFTHE PS AND OLIGOSACCHARIDES o-1 TO 0-3 

Methyl sugaP Retention Mole proportion 
time’ 
on 3% PS O-I 
ECNSS-M 

O-2 o-3 

2,3,4-Tri-0-methylrhamnose 0.46 - 1.00 1.00 

2,4-Di-0-methylrhamnose 0.99 1.00 - 0.96 - 

3,4,6-Tri-0-methylmannose 1.95 0.90 1 .oo 1.00 1.00 

2-Amino-2-deoxy-3,6-di-O-methylglucose 1.71 0.84 0.93 0.86 0.95 

2-Amino-2-deoxy-3,4,6-tri-0-methylmannose 1.00 - 0.94 

2-Amino-2-deoxy-4,6-di-0-methylmannose 2.85 0.87 - 0.92 

“The methyl sugars identified are the corresponding alditol acetates. ‘Retention times are relative to 
1,5-di-0-acetyl-2,3.4,6-tetra-O-methyl-D-glucitol, at 170”. for neutral sugars; and at 190”, with respect 
to 1 ,S-di-O-acetyl-2-deoxy-3,4,6-tri-O-methyl-2-(N-methylacetamido)-~-glucitol, for amino sugars. 

the homologous rabbit antiserum, F, gave a single band, whereas the other two did 

not give any band. 

All of the fractions were separately hydrolyzed, and the constituent sugars 

were identified and their amounts estimated (see Table I). As only F, gave a band 

in the Ouchterlony gel-diffusion test, it was considered that this material contained 

the specific sugar groupings. Hence, further investigations were conducted on this 

fraction. Fraction F, (PS) showed absorption bands at 1650 and 1565 cm-’ in the 

i.r. spectrum, indicating the presence of primary amide linkages. 

The PS was fully methylated by the Hakomori method” followed by the Pur- 

die method”. The product showed no hydroxyl band in its i.r. spectrum. The per- 

methylated PS was hydrolyzed, the partially methylated sugars were converted into 

their alditol acetates”“, and these were analyzed by g.1.c. in column 2. From the re- 

sults, given in Table II, it was concluded that the structure of the repeating unit of 

the PS is the same as that reported by earlier workers’, as follows. 

-+2)/3-D-Manp( 1-+3)cY-D-ManNAc( l-+3)&L-Rhap( 1-+4)a-D-GlcNAc( l+ 

When the PS was subjected to periodate oxidation, it was found that 0.29 mol 

of the oxidant was consumed per mol of hexosyl residue in 8.5 h; the value calcu- 

lated for the proposed structure is 0.25 mol. On hydrolysis, the periodate-oxidized 

and then reduced PS gave glycerol, rhamnose, 2-amino-2-deoxyglucose, and 2- 

amino-2-deoxymannose in the mol ratios of 1.89:1.00:0.95:0.82. All of the sugar 

residues, except the mannose units, were resistant to periodate. Identification of 

glycerol in the hydrolyzate indicated that this compound resulted from oxidation of 

a (l&2)-linked mannose unit. Thus, the results of the periodate-oxidation studies 

are in good agreement with those expected from the structure assigned to the PS. 

Graded hydrolysis of the PS. - To gain understanding of the immunochemi- 



cal specificities of different sugar groupings in the PS. attempts were made to oh- 

tain oligosaccharides from it. The F’S was subjected to mild hydrolysis \vith acid. 

and the hydrolyzate was found to contain, besides monos3~charicies. three 

oligosaccharides, designated O-l, O-2. and O-3 in the order of dccrcasing mobility 

in p.c. The mixturr was separated on thick filter-papers. ;tnd the oligosacchnrides 

isolated were purified by gci filtration. 

On hydrolysis. oligosaccharidc O-l (RMal,~,sc 0.5Q: yield. S mg: [a];: +5’ (C 

0.5, water)) gave rhamnose. mannose, and 9-amino-‘-deoxygl~lcase in the mol 

ratio\ of 0.05: 1 .00:0.92. On reduction with NaBH,, folloued b> hydrolysis and 

p.c. examination using spray reagent C. O-1 gave spots corresponding lo rhamnosc 

and ?-amino-3,-dcoxyglucohc. The rest of the hydrolylatc m;lterial \\a> :tcetqlatcd. 

and g.1.c. analysis of lhe products gave ;I peak corresponding to mannitol he.xaace- 

tate; other peaks did not corl-cspond to any of the other sLigar\ prcbcnt in the PS. 

This indicated the presence of a mannose residue: at the wducing end of the 

oligomer. The fully methylated 0-l was hydrolyzed. and the resulting methylated 

sugars were identified. and estimated. by g.1.c. {KC T;~blc II. column 0-l). Rased 

on these results, the following structure was assigned to this oligomer 

Rha-(l-4)-GlcNAc-( I+?)-Man 

0-I 

Hydrolysis of oligokaccharide O-2 {RXl,,lt,r~i 0.37; yield. 9 mg; [o];;i + IO” (C 

0.5. water)) gave rhamnoce. mannose. 2-amino-7-dcc,x~SIu~~)~~. and 3-amino-Z- 

deoxymannose in the mol ratios of0.97: I .1)0: 1 .00:(~,94, P.c. itnd g.1.c. examination 

of the hydrolyzak of the NaBtl,-reduced oligomer, ii5 alreadv &\cr-ibed. showed 

that the mannose residue occupied the reducin, 0 end of the oligomer. On hvdro- 

lysis. the fully methylated material yicldcd partially mcthylatecf \ug:rrs which were 

identified. and estimated. by g.1.c. (WC ‘Table ii. column O-2). From these results. 

and from the structure of O-1. the follouing structure \\:I\ x\igncd to this 

oligomer. 

ManNAc-( l&IQ-Rha-( IL-a)-GlcNAc-( 1-+;2)-Man 

o-2 

On hydrolysis, O-3 {R, ,,,,, I),c 0.15; yield. 20 mg: [a];: +21’ (C (1.7. water)) 

gave rhamnose. mannosc, 3-amino-2-deoxyglucos~. ill111 7-amino-2-deouvmanliose 

in the mol ratios of 1. 10: 1 .OO:O.C)S:(I.96. P.c. and g.1.c. examination of the hydrolq- 

zate of NaRH,-reduced oligomer O-3 showed that the ?-;tmino-7-d~c)xSlnannose 

unit occupied the reducing end of the oligomcr. ‘l‘hc rcsulta of mcthgl;ttion studies 

on this oligomer are given in ‘I’ablc II. column O-3. 13a& on thc”\c* t-vaults. and 

from the structures of 0-l and O-2. the following structure U;IY as<igncd to this 

oligomer. 

Rha-( I-4)-GlcNAc-( I--*3)-Man-( I --3)-ManNAc 

o-3 
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When the PS was subjected to Smith degradation’, it yielded an oligomer 

which was designated O-4. It was purified by passing a solution of it through a col- 

umn of Sephadex G-25, and the purified material, on hydrolysis, gave glycerol, 

rhamnose, 2-amino-2-deoxyglucose, and 2-amino-2-deoxymannose in almost 

equimolar proportions. On methylation, followed by hydrolysis and g.1.c. analysis, 

O-4 gave 2,4-di-O-methylrhamnose (1 .OO mol), 2-amino-2-deoxy-3,6-di-O- 

methylglucose (0.92 mol), 2-amino-2-deoxy-3,4,6-tri-O-methylmannose (0.87 

mol), and 1,3-di-O-methylglycerol (1 .OO mol). The 2-amino-2-deoxymannose oc- 

cupies the nonreducing end of the oligomer, and the rhamnosyl and 2-amino-2- 

deoxyglucosyl residues are respectively (l-3)- and (l-+4)-linked. Based on these 

results, and from the structure of O-2, the following structure was assigned to this 

oligomer. 

ManNAc-( l-3)-Rha-( l--+4)-GlcNAc-( l-+2)-Glycerol 

o-4 

For precipitin reactions, the antiserum was raised against killed, whole cells 

of Sh. dysenteriae type 10 in rabbits whose preserum was free from homologous 

and nonspecific antibodies. The results of the homologous, precipitin reaction (see 

Fig. 2) showed that 600 pg of the PS precipitated the maximum amount (140 pg) 

of antibody nitrogen from 1.0 mL of antiserum. The inhibition of immune precipi- 

tation was conducted by using the constituent monosaccharides, viz., L-rhamnose, 

D-mannose, 2-acetamido-2-deoxy-D-glucose, and 2-acetamido-2-deoxy-D-man- 

nose, and the results are given in Table III and Fig. 3. These results show that the 

D-mannose is the least immunospecific. 

As expected, all of the oligomers (O-l to O-4) were found to be better in- 

hibitors (see Table III, and Fig. 4) than the monosaccharides used. Oligomer O-l 
gave 48% inhibition of immune precipitation at the 1.51~pmol level, whereas O-3 

200 &OO 600 800 1000 

PS added LugI - 

Fig. 2. Homologous precipitin-reaction (Sh. dys. type 10 PS). 
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TABLE III 

NOW 

I -Rha 

D-Man 

II-GlcNAc 

n-ManNrZc 

O-I 

O-2 

o-3 

O-4 

2.34 

2 7x 

3 62 

2.x 

I.51 

0 x2 

I ..i7 

1,:s 

showed 65% inhibition at the 1.37~qnol level. Oligomers O-2 (0.82 pmol), and O-4 

(1.25 ,umol) respectively gave 78 and 70% inhibition. The increase in the % inhibi- 

tions of O-2, O-3. and O-4 over O-I was obviously due to the presence of a 2- 

acetamido-2-deoxy-t)-mannosyl group or residue in the first three. A Z-acetamido- 

2-deoxy-D-mannosyl group is present at the nonreducing end of O-2 and O-4. and 

these oligomers showed greater inhibition of immune precipitation. even at Iowe~ 

concentrations. These two oligomers have almost the same structure, except that. 

in the former, the “reducing” end is occupied by a D-mannosc residue. whtreas. in 

the latter, it is glycerol. Oligomers O-l and O-3 have similar structures. except that 

the latter contains an additional 2-acetamido-2-deoxymannose residue (at the rc- 

ducing end). The difference in the r/c, inhibition by oligosaccharides O-1 and O-3 is 

considerable. 

r---- _ .____--- 
1 

1 2 3 4 5 

Inhibitor added (pmol) 

Fig. 3. Inhibition of homologous precipitation by monosaccharides. (Key: 0. 2-ac~tnmld~l-7-~i~~~~~-,~- 

mannose: 0. 2.acctamido-2-deoK~-I~-glucose: A. I -rhamnosc; and ,*.. wmannoac.) 



Shigella dysenteriae TYPE 10 POLYSACCHARIDE 263 

I I I 

0’5 1.0 1’5 2’0 

Inhibitor added Q~mol) 

Fig. 4. Inhibition of homologous precipitation by oligosaccharides isolated from Sh. dys. type 10 PS. 
(Key: 0, oligosaccharide O-1; 0, oligosaccharide O-2; A, oligosaccharide O-3; and 15, oligosaccharide 

O-4.) 

Considering the facts that (1) 2-acetamido-2-deoxy-D-glucose and 2- 

acetamido-2-deoxy-D-mannose showed better inhibition than other monosac- 

charides present in the PS, (2) the inhibition of precipitation by O-3 is markedly 

greater than that by O-l due to the presence of a 2-acetamido-2-deoxy-D-mannose 

residue in O-3, and (3) the “reducing” ends of O-2 and O-4 are respectively oc- 

cupied by a D-mannose residue and glycerol, whereas D-mannose itself has the low- 

est contribution (15%) to the immune specificity, it was concluded that the sugar 

grouping +3)-ManNAc-(l-+3)-Rha-(l-+4)-GlcNAc-(l-+ is the immunodominant 

part in the PS molecule. 2-Acetamido-2-deoxy-D-mannose seems to contribute 

considerably to the immunological specificity of Sh. dysenteriae type 10 PS. 

EXPERIMENTAL 

The general methods used were those already reportedY. 

Preparation of organism, and isolation of lipopolysaccharide (LPS). - 
Shigella dysenteriae type 10 bacteria (strain 2050.52) were grown for 72 h at 37” on 

brain-heart infusion-agar in 100 Roux bottles. The growths were harvested with 

saline solution. The bacterial-cell suspension was centrifuged. and the solid succes- 

sively washed twice with saline and thrice with acetone. The acetone-dried cells (13 

g) were disrupted with 45% aqueous phenol at 65-68”. The resulting mixture was 

centrifuged, giving three layers: a water layer, a phenol layer, and insoluble mate- 

rial at the phenol-water interface. The water layer (containing nucleic acid and the 

LPS) was siphoned off, dialyzed for three days against distilled water, and freeze- 

dried; yield, 1.69 g. The LPS was separated from the nucleic acid-LPS mixture by 

using Cetavlon in sodium chloride solution; the nucleic acid was precipitated at a 

salt concentration of 0.3M, whereas the LPS remained in solution. The LPS was 

precipitated by adding 10 volumes of ethanol; yield, 684 mg. The LPS was purified 
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by passing it through a column (100 x 2 cm) of Sephadcx G-10(!. using pyridinc 

acetate buffer (pH 4.5) as the eluant. The residual nucleic acid contaminant WI\ 

eluted in the void volume, whereas the LPS constituted the m;.$r fraction: Jiclcl 

600 mg. 

Isolation of the pol~sac.citari~~e. - The LPS (550 mg) was hcatcd with I : W 

acetic acid-water (X0 ml..) for 1.5 h at 100”. The precipitated lipid A was removed 

by centrifugation. and the supernatant liquor was freeze-dried: >ielci. 175 nip. ‘l‘hc 

material was fractionated on a column (00 X2 cm) of Scphatl~x G-75 hq using 

pyridine acetate buffer and collecting 5-mL fractions. I’hrrc fractions were ob- 

tained (set Fig. I). and these were designated FI (tube 5’~s. 40 to 70: It!7 mg). F1 

(tube Nos. IO0 to 1.30: $5 mg). and Fs3 (tube Nos. 110 to !#I: 5.5 mp). The 

homogeneity of these fractions was tested elcctrophorctically on t.1.c. plates. using 

O.OI~VI borate buffer. pH Y.2: ii single spot moving towards the cathode was de- 

tected in each case. On Ouchterlony gel-diffusion using homologous rabbit anti- 

serum. only F, gave a single prccipitin band. 

Sllgar cwnzpositio~~. _-- All of the fractions ( 2.0 mg each) were scparatcly hy- 

drolyzed with 2M hydrochloric acid for A h at 100”. After the usual treatment. the 

sugars in the hydrolyzates were identified by p.c. (solvents A and R). and were esti- 

mated as alditol acetates by g.1.c.. using Inyo-inositol as the internal standard. T’hc 

results are shown in Table I. Fraction F, was designated PS. and further work was 

conducted by using this material. 

M~~thylation and_wis oJ’ P.S. - The PS (5 mg) was fully mcthylated b> the 

Hakomori method’ followed by the Purdie method:‘. The permcthylatcd PS had no 

OH band in its i.r. spectrum. The product was hydrolyzed with 8SCi- formic acid (2 

mL) for 2 h at 100”. and then with 0.5x! sulfuric acid for IX h at IW”. l‘hr acid in 

the hydrolyzate was neutralized (BaCQ). and. after the usual treatment. the rc- 

sulting mcthylatcd sugars were convcrtcd into their alditol acetates. anti these were 

identified. and estimated. by p.1.c. using column /. The results arc pivcn in Table 

II. 

Purtial hydrolysis of the PS. - From the results of a number of pilot experi- 

ments, the optimum conditions for maximal yield of oligomcrs were found to be: 

to heat the PS (50 mg) in 1).5bf hydrochloric acid (3.5 mL) for I h ;)I 100”. After 

evaporating the mineral acid. the neutral hydrolyzate was examined 171 p.c. using 

solvents A and H. Besides monosaccharides. spots corresponding to three slow- 

moving materials were obtained. The mixture was resolved on Whatman No. 3 

MM filter paper. using solvent A. With the help of guide spots. the hones contain- 

ing each oligosaccharide were excised. and eluted with 1 :Y cthan&water (ISO mL 

each). The eluates were concentrated. and purified by passing them through a col- 

umn (42 X 2 cm) of Sephadcx G-25. using water as the eluant. ‘I’hc oligo- 

saccharides had RMM;,lt,rrc O.SY, 0.36. and I). IS in solvent A. and wt’rc found to be 

chromatographically hnmogencous. On clectrophoresis (25 V/cm) in 0.0 I it borate 

buffer (pH Y.7), each fraction gave a single spot. The fractions were dcsignatcd 
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fractions O-1, O-2, and O-3, in the order of decreasing RMalrosz values. The yields 

and physical characteristics are summarized in Table III. 

~~~aracterizat~o~ of the oljgosaccharides. - The ohgosaccharides (1.5 mg 

each) were hydrolyzed with 2M hydrochloric acid for 6 h at 100”. After removing 

the acid in the usual way, portions of the hydrolyzates were examined by p-c. (sol- 

vents A and B: spray reagents a and b). The sugars in the remaining portions were 

converted into their alditol acetates, and were identified, and estimated, by g.1.c. 

The reducing-end residue in each oligosaccharide was detected by treatment 

with NaBH4, followed by hydrolysis, and identification of the sugars in the hydroly- 

zate by p.c., using spray reagent c. A portion of the NaBH,-reduced, and then hy- 

droiyzed, product was acetylated, and the acetates were analyzed by g.1.c. using 

columns I and 3. 

The oligosaccharides (2 mg each} were methylated twice by Hakomori’s 

method. The fully methylated products were extracted from the reaction mixtures 

with chloroform. They were purified by passing them through a column (25 X 2 

cm) of Sephadex LH-20, using 2: 1 chloroform-acetone as the eluant, and then hy- 

drolyzed. The resulting methylated sugars were identified, and estimated, as their 

alditol acetates by g.1.c. The results are given in Table II. 

Periodate oxidation and Smith degradation” studies on the PS. -The PS (2.0 

mg) was treated with 8mM NaI04 in the dark at 4”. Consumption of the oxidant be- 

came constant in 8.5 h, at a value corresponding to 0.29 mot of the oxidant per mol 

of hexosyi residue. 

A solution of the PS (10 mg) in water (10 mL) was treated with 0.2~ NaI04 

solution (10 mL) for 8.5 h at 4“. The excess of periodate was decomposed with 

ethylene glycol, and the solution was dialyzed against distilled water. The diatyzate 

was concentrated to 4 mL, and reduced with NaBH, (60 mg) for 4 h. The excess 

of borohydride was decomposed with glacial acetic acid, and the solution was dia- 

lyzed; the dialyzate was concentrated to a small volume, and freeze-dried; yield, 

6.5 mg. A part (1 mg) of the periodate-oxidized and reduced PS was hydrolyzed by 

heating with 2M hydrochloric acid for 6 h at 100”. The sugars in it were identified 

in the usual way (by p.c. and g.1.c.) to be glycerol. rhamnose. 2-amino-2-deoxyglu- 

case, and 2-amino-2-deoxymannose in the mol ratios of 1.89: 1.00:0.95:0.82. The 

remaining portion was kept with @.5M hydrochloric acid (10 mL) for 24 h at room 

temperature, and, after removing the acid, the material was passed through a col- 

umn (53 x 1.7 cm) of Sephadex G-25, using water as the eluant, the eluate being 

collected in 5-mL fractions. The main fraction (tubes 13 to 17) was isolated, and 

was designated fraction O-4; yield, 4.5 mg. A small part of O-4, on hydrolysis fol- 

lowed by p.c. and g.1.c. analysis, gave glycerol, rhamnose, 2-amino-2-deoxyglu- 

case, and 2-amino-2-deoxymannose in the mol ratios of 1.00: 1.00:0.95:0.82. 

Another portion of O-4 was fully methylated by the Hakomori method4, and on hy- 

drolysis, the product gave 2,4-di-0-methyl-L-rhamnose (1.00 mol), 2-amino-2- 

deoxy-3,6-di-O-methyl-D-glucose (0.92 mol), 2-amino-2-deoxy-3,4,6-tri-o-methyl- 

D-mannose (0.87 mol), and 1,3-di-0-methylglyceroI(l.00 mol). 



Preparatim of rabbit mtlwrwrt. -- The antisera wrrc tuiscd in rabbits by in- 

jecting bacterial-cell suyension (IO” CFUi’ml.,) in saline. folio\ving the immuniza- 

tion schedule described ear-tier”. The serum was separated from the blood in the 

usual way. and stored at 0’ with sodium merthiolatc (0.0001~~ ) ;I< ;i preservative. 

“The highest dilution of the serum giving visible ;rggltltinati!.>n of thy cell >uspension 

was found to be l :X0. 

Inhibition of homologous precipitation was rictcrmincd 17) using_ as the in- 

hibitors. i.-rhamnosc. I>-mannosc. 2 -acetamido-?-d~ax\-f~-~it~~~~~~, l-acetamido-2- 

deoxy-I?-mannclse. and oligosaccharidcs isolated from the PS bq Smith degradation 

and graded hydrolysis. They were added in increasing ~~rn~)~ll~ts to 0, !(I-ml_ portions 

of the ~~ntis~rllrn. in duplicntc. diluted with ~~ppr~~pri~~t~ ~l~~~~itjti~s oi saiinc. ‘l-he 

contents of the tubes were mixed. and allowed to stand for a h at 1- 2’. i.c; ~111 the 

tubes, PS (60 pg) in saline was added. The tinal voiurne of ttlc mixture was 0.50 

rnI_, Two controls, one containing the same amounts of antigen and antibody as in 

the other tubes, and the other containing the antiserum atone. \\~::l’t‘ inclucicd in 

ECIC~ set. The tubes were kept for 71 h at J”. and the amounts of precipitated anti- 

body nitrogen were assayed ;I’; described earlier. The results are gi\~*rl in ‘Tables III 

and plotted in Figs. 3 and 4. 
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