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Note

Structural studies of an extracellular polysaccharide, S-53, elaborated by a
Klebsiella species
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During the search for bacteria of potential industrial application, a polysacchar-
ide, S-53, was prepared from a soil bacterium, ATCC No. 31488, identified as a
Klebsiella pneumoniae species’. The polysaccharide had a composition of 18-19%
of uronic acid, 4.8% of pyruvate, and 7% of O-acetyl, the remainder being glucose
and fucose in the ratio 51:49. It was noted that this composition is similar to that
reported for the Klebsiella type 1 capsular polysaccharide (K1) which, however, does
not contain O-acetyl groups®. We now report structural studies of S-53.

The "*C- and 'H-n.m.r. spectra of S-53 were complex, but the latter contained,
inter alia, signals for methyl groups of fucosyl residues at 6 1.26 (1 H), of pyruvic
acid acetals at 6 1.58 (0.9 H), and of O-acetyl groups at §2.12 and 2.17 (~3:1, 1 H).
The complexity of the spectra may be due to the non-stoichiometric amount of
pyruvic acid and the fact that the O-acetyl groups occupy different positions.

The spectra of O-deacetylated S-53 were much simpler and the major peaks were
superimposable on those of K1. The pyruvic acid acetals in the O-deacetylated S-53
were hydrolysed under mild conditions, typical for such acetals when linked to
vicinal rrans-positions, as in K1°. The polysaccharide thus prepared gave 18 well
resolved signals in the *C-n.m.r. spectrum. S-53 and K1 are therefore both com-
posed of the trisaccharide repeating-unit 12, the only difference being that the for-
mer contains O-acetyl groups. The results of methylation analysis and specific de-
gradations of S-53 confirmed this conclusion. These experiments were similar to
those performed? in the investigation of K1, and will not be reported in detail here.
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Except for the absolute configuration at the acetalic carbon, the only structural
feature which remained to be determined was the location of the O-acetyl groups.
All positions in the 8-p-glucopyranosyluronic acid are occupied. A signal at § 62.1
in the *C-n.m.r. spectrum of S-53 could be assigned to C-6 of the 8-p-glucopyrano-
syl residue. On acetylation at this positibn, the signal should move to ~ 64 p.p.m.,
but no such signal was present. The signal of C-1 in the «-L-fucopyranosyl residue
occurred at 6 100.1 in the spectrum of O-deacetylated S-53, but as two signals, at &
99.9 and 97.5, in the ratio ~2:1, in the spectrum of the original S-53. This is the
expected shift on O-acetylation at the 2-position in a fucopyranosyl residue®, and it
is concluded that part of this position in S-53 is O-acetylated. It was not possible,
from the n.m.r. spectra, to decide which of the remaining secondary positions were
O-acetylated. However, it is most probable that, during the biosynthesis of S-53, a
unique position is O-acetylated and that the O-acetyl group may migrate during
manipulations and storing. If this view is correct, the acetyl group should be distri-
buted between O-2 and O-3 of the a-L-fucopyranosyl residue. In agreement with this
assumption, all a-L-fucopyranosyl residues were resistant to periodate oxidation, as
demonstrated by treatment with periodate and sugar analysis of the recovered poly-
saccaride. As the pyruvic acid acetals in S-53 are labile, they were probably present
originally in a stoichiometrical amount, but have been partially lost. From the
results discussed above, it is concluded that S-53 is composed of trisaccaride re-
peating-units having structure 2.
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Several bacterial polysaccarides produced by different strains of the same species
have identical carbohydrate backbones, but may differ in the presence or absence of
O-acetyl groups and also in the percentage and/or location of such groups. This
may give them different rheological and immunochemical properties, and such
strains have often been classified as different types. When the chemical structures are
known and closely similar, it seems to be more convenient to classify them as dif-
ferent sub-types of the same type. We therefore suggest that the Klebsiella strain
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which produces S-53 is classified as a sub-type of Klebsiella type 1.
EXPERIMENTAL

N.m.r. spectroscopy. — N.m.r. spectra of solutions in D,O were recorded with a
JEOL GX-400 instrument. Sodium trimethylsilylpropanoate-d, (6 0.00, 'H, 50°)
and 1,4-dioxane (6 67.4, *C, 70°) were used as internal references.

Treatment with periodate. — A solution of S-53 (12 mg) and sodium metaperio-
date (40 mg) in 0.1Mm acetate buffer of pH 4.0 (20 mL) was kept in the dark for 90 h
at 4°. Ethylene glycol (0.4 mL) was then added, the solution kept for 3 h, and the
polysaccharide recovered by dialysis and freeze-drying. Sugar analysis of this mate-
rial and the original S-53 gave identical results.
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