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Abstract—The O-polysaccharide was obtained by mild acid degradation of the lipopolysaccharide from Providencia alcalifaciens
027 and studied by sugar and methylation analyses along with 'H and '>*C NMR spectroscopy, including 2D 'H,'H COSY,
TOCSY, ROESY, H-detected 'H,'*C HSQC, and HMBC experiments. It was found that the polysaccharide is built up of linear
partially O-acetylated tetrasaccharide repeating units and has the following structure:
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[4)-B-D-Glcp-(1—3)-B-D-GalpNAc-(1—2)-a-D-Quip4NFo-(1—4)-a-D-GlcpA-(1—],

where Qui4NFo stands for 4-formamido-4,6-dideoxyglucose (4-formamido-4-deoxyquinovose).
The O-polysaccharide structure of Providencia stuartii O43 established earlier was revised with respect to the configuration of the

constituent 4-amino-4,6-dideoxyhexose (from Rha4N to Qui4N).
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Gram-negative bacteria of the genus Providencia are
divided into six species, including P. alcalifaciens, P.
rustigianii, P. stuartii, P. heimbachae, P. rettgerii, and
P. vermicola."> They are facultative pathogens that
under favorable conditions cause enteric diseases, as
well as wound and urinary-tract infections.” These infec-
tions are frequently persistent, difficult to treat and may
even result in fatal bacteremia. The serological classifica-
tion scheme of three Providencia species, P. alcalifaciens,
P. rustigianii, and P. stuartii, used in serotyping of clin-
ical isolates, is based on the lipopolysaccharide (LPS,
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O-antigen, endotoxin) and flagella (H-antigens) and
includes 63 serogroups.® Immunochemical studies of
Providencia O-antigens aim at the creation of the mole-
cular basis for the serological classification and cross-
reactivity of Providencia strains and related bacteria,
including Proteus. At present, 25 Providencia O-polysac-
charide structures have been established (Refs. 4-14 and
references cited in Refs. 4 and 7). In this paper, we
report on a new structure of the O-polysaccharide of
P. alcalifaciens O27 and a revised structure of the O-
polysaccharide of P. stuartii 043 studied by us earlier.®

Mild acid degradation of the LPS of P. alcalifaciens
027 gave a high-molecular-mass polysaccharide eluted
from Sephadex G-50 immediately after the void volume.
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Sugar analysis using GLC-MS of the alditol acetates de-
rived after hydrolysis with CF;CO,H showed the
presence of glucose (Glc), 2-amino-2-deoxygalactose
(GalN), and 4-amino-4,6-dideoxyglucose (Qui4N) in
ratios ~1:0.6:0.8. GLC-MS of the acetylated methyl
glycosides demonstrated the presence of glucuronic acid
(GlcA). The p configuration of all monosaccharides was
determined by GLC of the acetylated (S)-2-octyl glyco-
sides and confirmed by NMR spectroscopy (see below).

Linkage analysis by GLC-MS of the partially methyl-
ated alditol acetates derived from the methylated poly-
saccharide revealed 4-substituted Glc, 3-substituted
GalN, and 2-substituted Qui4N. In addition to these
monosaccharides, similar analysis after carboxyl-
reduction of the methylated polysaccharide showed the
presence of 4,6-disubstituted Glc, which was evidently
derived from 4-substituted GIcA.

The '*C NMR spectrum of the polysaccharide showed
structural heterogeneity, which, most likely, was caused
by nonstoichiometric O-acetylation. The '*C JMOD
NMR spectrum of the O-deacetylated polysaccharide
(OPS) (Fig. 1) showed a regular structure. It contained
signals for four sugar residues, including those for four
anomeric carbons at 6 99.0, 101.5, 104.8, and 105.7, 14
sugar-ring carbons in the region § 67-83, one C-CHj;
group at ¢ 18.0 (minor E isomer) and 18.1 (major Z iso-
mer), two C—CH,OH groups at ¢ 61.9 and 62.6, one C—
CO,H group at ¢ 176.5, and two nitrogen-bearing car-
bons at 6 52.8 and 57.0. The spectrum also contained sig-
nals for one N-acetyl group at 6 176.7 (CO) and 6 23.8
(CH3) as well as one N-formyl group at 6 166.1 and
169.0 (major Z and minor E isomer, respectively). There
was only one signal within the region ¢ 82-88, at § 82.5
later assigned to C-2 of Qui4N; hence, all sugar resi-
dues in the repeating unit are pyranosidic.'> The 'H
spectrum of the OPS contained signals for four anomeric
protons at 6 4.52,4.67, 5.32, and 5.69, one C—-CHj; group
at 6 1.13 (major) and 1.18 (minor), one N-acetyl group at
0 2.01, one N-formyl group at 8.18 (major Z isomer) and
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7.99 (minor E isomer) (compare published data'’), and
other protons in the region 6 3.33-4.18.

The 'H and '3C NMR spectra of the OPS were
assigned using '"H,'"H COSY, TOCSY, ROESY, 'H,"*C
HSQC (Fig. 2), 'H,"*C HSQC-TOCSY, and 'H,"*C
HMBC (Fig. 3) experiments (Table 1). The spin system
of Qui4N was distinguished by correlations of each of
H-1 and H-6 with all other protons of this residue in
the TOCSY spectrum, and the H-2 to H-5 signals were
assigned using the COSY spectrum. The '*C NMR sig-
nals were assigned by H/C correlations in the HSQC
spectrum, H-6/C-4 and H-6/C-5 correlations in the
HMBC spectrum, and H-6/C-2 and H-6/C-3 correla-
tions in the HSQC-TOCSY spectrum. A difficulty in
the assignment of the C-2 and C-3 signals owing to an
overlap of the H-2 and H-3 signals at 6 3.71 was over-
come by taking into account the methylation analysis
data: the lower field resonance at ¢ 82.5 was assigned
to C-2 of the 2-substituted Quip4N and, accordingly,
the other signal at 6 70.6 to C-3. A cross-peak at ¢
8.18/57.0 between the N-formyl group and C-4 of
Qui4N in the HMBC spectrum demonstrated formyl-
ation at N-4. A small J; , coupling constant <3 Hz and
chemical shifts of H-1 (6 5.69) and C-5 (6 68.3, compare
published data'®) indicated that Quip4NFo is o-linked.

The assignment of the '"H NMR signals for another
monosaccharide was performed using the COSY spec-
trum, which demonstrated correlations between all
neighboring protons from H-1 to H-5, and were con-
firmed by the TOCSY experiment. A triplet form of
the H-3 signal at 6 3.96 (Jo3~ J34~ 9 Hz) revealed
the gluco-configuration of this residue. A doublet split-
ting of the H-5 signal and a H-5/C-6 cross-peak at ¢
4.07/176.5 in the HMBC spectrum indicated that this
residue is GIcA. A small J;, coupling constant <3 Hz
and chemical shift of the H-1 (6 5.32) showed its o
configuration.

The '*C NMR signals of Glcp were distinguished by
the HSQC-TOCSY experiment showing correlations
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Figure 1. JMOD spectrum of the O-deacetylated polysaccharide from P. alcalifaciens O27. Arabic numerals refer to carbons in sugar residues

denoted by capital letters as shown in Table 1.
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