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The structure of the O-specific side-chains of the cell-wall lipo-
polysaccharide from Salmonella bredeney (1, 4, 12) has been inves-
tigated. Methylation analysis of the original lipopolysaccharide and
of a material obtained on mild acid hydrolysis of the lipopolysac-
charide have provided the essential information in this study. A
detailed structure of the repeating unit of the side-chains is presented
and the general structure of the side-chains in group B Salmonella
lipopolysaccharides is discussed.

n previous communications 12 we have reported studies on the O-specific

side-chains of cell-wall lipopolysaccharides from two strains of S. typhimu-
rium, 395 MS and LT2. A structure of the repeating unit was proposed, which
in some respects differed from the general structure previously suggested for
group B Salmonella lipopolysaccharides.®:4 The previous structure was, to a
considerable extent, based upon studies on the S. bredeney (1, 4, 12) lipopoly-
saccharide.> For this reason and further because both S. bredeney and S.
typhimurium LT 2 are amongst the most studied strains of Salmonella sero-
group B, an investigation of the structure of the O-specific side-chains of the
S. bredeney lipopolysaccharide has been undertaken by the same methods as
used for the 8. typhimurium lipopolysaccharides.
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The lipopolysaccharide from S. bredeney (1, 4, 12) was isolated by phenol-
water extraction and the presence of O-factors 1 and 4 in the bacteria and
the lipopolysaccharide was established as previously described.! The presence
of O-factor 12, could not be demonstrated. The methods used in the chemical
studies were the same as employed in the earlier investigation on the S.
typhimurium 395 MS lipopolysaccharide,! and will only be briefly described.

The polysaccharide was subjected to a two-step hydrolysis, and the sugars
in the hydrolysate analysed by GLC ¢ as their alditol acetates. The relative
proportions of p-glucose, pD-galactose, D-mannose, 1-rthamnose, and abequose
were 10:25:23:22:20. The sugars have been fully identified by Kriiger et al.?
and, in the present study, their identity was established by mass spectrometry
of the alditol acetates.® The lipopolysaccharide did not contain O-acetyl
groups, in agreement with the absence of O-factor 5.

The fully methylated lipopolysaccharide, prepared by methylation with
methylsulphinyl carbanion-methyl iodide in methyl sulphoxide,® was hydro-
lysed, the methylated sugars converted into their alditol acetates and analysed
by GLC %—mass spectrometry.’ The results are given in Table 1 and a
typical chromatogram, on an ECNSS-M column, is given in Fig. 1. Mass

Table 1. Methyl ethers from the hydrolysate of methylated lipopolysaccharide.

Sugars Peak Ta mole 9%°
2,4-Di-O-methyl-abequose A 0.32 11.9
2,3-Di-0O-methyl-L-rhamnose B 0.99 22.0
2,3,4,6-Tetra-O-methyl-D-glucose B 1.00 5.0
2,3,4,6-Tetra-O-methyl-D-galactose C 1.22 3.0
2,4,6-Tri-O-methyl-D-mannose D 2.05 1.5
2,4,6-Tri-O-methyl-D-galactose E 2.27 15.0
3,4,6-Tri-O-methyl-D-galactose F 2.50 1.1
4,6-Di-O-methyl-D-mannose G 3.30 23.1
3,6-Di-O-methyl-D-galactose H 4.30 1.5
2,4-Di-0O-methyl-D-glucose I 5.10 2.7
2,4-Di-0-methyl-D-galactose K 6.35 4.6

4 Retention times of the corresponding alditol acetates on the ECNSS—M column relative
to 1,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-D-glucitol.

As a considerable amount of 2,4-di-O-methyl-abequose was lost during the methylation
analysis, the mole 9, of the methylated sugars are given relative to that of 2,3-di-O-methyl-L-
rhamnose, which it is assumed represents the mole %, of L-rhamnose in the original lipopolysac-
charide.

spectra were taken at the beginning, maximum, and end of each main peak,
and at the maxima of the minor peaks.

The two components in peak B, which were not resolved on the ECNSS-M
column, were well separated on an OS 138 column. With one exception, the
methylated sugars identified were the same as those found in the methylated
8. typhtmurium lipopolysaccharide.l»?
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Fig. 1. GLC separation on an ECNSS-M column at 170° of the methylated sugars, as
their alditol acetates, obtained from the hydrolysate of the fully methylated S. bredeney
lipopolysaccharide.

2,4-Di-O-methyl-D-galactose, which was not found in the methylated
S. typhimurium lipopolysaccharide, was identified from the mass spectrum
and 7T'-value (6.35) of its alditol acetate. The 7'-values for the corresponding
D-mannose and D-glucose derivatives are 5.42 and 5.10, respectively. The
percentages of 2,4-di-O-methyl-p-galactose and 2,3,4,6-tetra-O-methyl-n-
glucose are approximately equal which substantiates the assertion that the
presence of O-factor 1 is associated with a terminal «-p-glucopyranose residue
in the 6-position of p-galactose. The S. enteritidis lipopolysaccharide,'? also
containing O-factor 1, on methylation analysis yielded the same di-O-methyl-
D-galactose. The fact that 2,6-di-O-methyl-D-galactose was not obtained is
consistent with the virtual absence of O-factor 12,.

One of the methyl ethers which had previously been described as a 3,4,6-
tri-O-methyl-hexose, has now been identified as the p-galactose derivative,
as the T-value of its alditol acetate (2.50) differs from those of the correspond-
ing D-glucose (2.11) and D-mannose (1.95) derivatives.

The ratio of the molar percentages of p-glucose, D-galactose, D-mannose,
L-rhamnose, and abequose, calculated from the methylation analysis, and
assuming that the molar percentage of L-rhamnose is the same as in the original
polysaccharide, is 8:26:25:22:12. The agreement between these values and
those obtained from the sugar analysis is, except for abequose, good. It seems
probable that a considerable amount of the volatile 2,4-di-O-methyl-abequose
and derivatives was lost while concentrating the solutions.

A sample of the lipopolysaccharide was subjected to a mild acid treatment
in order to hydrolyse all the abequosidic linkages and part of the 1.-rhamnosidic
linkages, leaving most of the other linkages intact. A methylation analysis
was performed on the resulting polymeric and oligomeric material (Table 2).
As with the 8. typhimurium lipopolysaccharide, it was found that virtually
all the 4,6-di-O-methyl-D-mannose had disappeared and been replaced by
3,4,6-tri-O-methyl-D-mannose, and that part of the 2,4,6-tri-O-methyl-p-
galactose had been replaced by 2,3,4,6-tetra-O-methyl-p-galactose. The results
show that, in the original lipopolysaccharide, abequose is linked to D-mannose
in the 3-position and L-rhamnose to D-galactose in the 3-position.
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Table 2. Methyl ethers from the hydrolysate of methylated, degraded lipopolysaccharide.

Sugars Ta mole 9, ?
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4 See Table 1.

b The mole 9, of the methylated sugars are given relative to that of 2,3-di-O-methyl-L-
rhamnose, which it is assumed represents the mole % of L-rhamnose in the original lipopolysac-
charide.

The small amount of 2,4,6-tri-O-methyl-D-mannose in the hydrolysate of
the methylated original lipopolysaccharide is almost certainly derived from
the 3-O-abequosyl-D-mannose residues which terminate the O-specific side-
chains. The percentage of this sugar (1.5) and of 4,6-di-O-methyl-D-mannose
(23.1) leads to an average number of repeating units in the side-chains of
approximately 16. Some of the other minor components are most probably
derived from the basal core of the lipopolysaccharide.

A sample of the lipopolysaccharide, in 0.05 M aqueous sulphuric acid,
was kept at 80° and the change in optical rotation was followed. A rapid
decrease from [a];,5 +70° to +65° over 2 h, followed by a slower decrease to
+48° over 22 h, was observed. Because of the low solubility of the lipopoly-
saccharide these figures are not very accurate but they show that the abequose
residues, being the most readily hydrolysed, are «-linked and that the L-
rhamnosidic linkages, being the next most readily hydrolysed, are f-linked.
Analogous results were obtained from the 8. fyphimurium lipopoly-
saccharides.,?

From the present results, a detailed structure of the O-specific side-chains
in the S. bredeney lipopolysaccharide is proposed (Fig. 2). The anomeric
nature of the D-glucose, D-galactose, and D-mannose residues are assumed to
be the same as in the closely related lipopolysaccharide studied by Staub
et al.3® The other structural features, including the fact that the terminal

a-Abep a-D-Gp ' a-Abep x-D-Gp
1 1 1 1

3 6 3 6
D-Manp1—4R-L-Rhapt—3a-D-Galpl{-20-D-Manp1—4f-L-Rhapl— 3a-D-Galp1
15

Fig. 2. Proposed structure for the O-specific side-chains of Salmonella bredeney.
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residue on the biological repeating unit consists of a 3-O-abequosyl-D-mannose
residue, have been established in the present study.

These results, in conjunction with those from similar studies on the S§.
typhimurium lipopolysaccharides strongly suggest that the tetrasaccharide
repeating unit, depicted in Fig. 3, is typical for group B Salmonella lipopolysac-

a-Abep
1

3.
—20-D-Manp1—4fA-L-Rhap1—3a-D-Galp1—

Fig. 3. Structure of the tetrasaccharide residue, common to the O-specific side-chains
of group B Salmonella lipopolysaccharides.

charides in general. The presence of O-factor 4 in this group is associated with
the x-abequose residue linked to the 3-position of D-mannose. The p-galactose
residues may be substituted with an «-D-glucopyranose residue in the 6-posi-
tion (O-factor 1) or in the 4-position (O-factor 12,). All, or part, of the abequose
residues may be acetylated in the 2-position (O-factor 5).

EXPERIMENTAL

The experimental methods used in this investigation were the same as used in the
investigation of the S. typhtmurium 395 MS.! The Salmonella bredeney (1, 4, 12) strain,
the same as used by Staub et al., was obtained from Dr. L. Le Minor, Institut Pasteur,
Paris. The cultivation yield of the S. bredeney strain was 15.0 g, (4 1 culture volume).
The yield of cell walls was 2.95 g and of lipopolysaccharide 470 mg (dry weights). The
lipopolysaccharide preparation was checked by the passive hemagglutination inhibition
test using anti O:1, anti O:4, and anti 0:12, serum. The minimal concentrations needed
for inhibition (ug/ml) were: less than 1 ug for the S. bredeney lipopolysaccharide/S.
paratyphi A O 1.8. 256 anti O:1 factor serum system; less than 1 ug for the S. typhimurium
395 MS lipopolysaccharide/S. san-diego I.8. 111 anti O:4 factor system and more than
256 ug for both the S. typhimurium 395 MS lipopolysaccharide/S. paratyphi B O LS.
248 anti 0:5 factor system and the S. typhimurium 395 MS lipopolysaccharide/S. typhi
T4 I.8.58 anti O:12, factor system.
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