
Carbohydrate Research 344 (2009) 152–154
Contents lists available at ScienceDirect

Carbohydrate Research

journal homepage: www.elsevier .com/locate /carres
Note

Structure of the O-antigen of Yersinia pseudotuberculosis O:4b

Anna N. Kondakova a,*, Olga V. Bystrova a, Rima Z. Shaikhutdinova b, Sergey A. Ivanov b,
Svetlana V. Dentovskaya b, Alexander S. Shashkov a, Yuriy A. Knirel a, Andrey P. Anisimov b

a N.D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, Moscow, Russia
b State Research Center for Applied Microbiology and Biotechnology, Obolensk, Moscow Region, Russia

a r t i c l e i n f o a b s t r a c t
Article history:
Received 20 June 2008
Received in revised form 1 October 2008
Accepted 2 October 2008
Available online 10 October 2008

Keywords:
Yersinia pseudotuberculosis
O-Antigen
Bacterial polysaccharide structure
6-Deoxy-D-manno-heptose
Tyvelose
0008-6215/$ - see front matter � 2008 Elsevier Ltd. A
doi:10.1016/j.carres.2008.10.002

* Corresponding author. Tel.: +7 495 137 6148; fax
E-mail address: annakond@gmail.com (A.N. Konda
The structure of the long-chain O-antigen of Yersinia pseudotuberculosis O:4b containing two uncommon
deoxy sugars, tyvelose (3,6-dideoxy-D-arabino-hexose, Tyv) and 6-deoxy-D-manno-heptose (D-6dman-
Hep), was established by 1D and 2D NMR spectroscopy as
� 2008 Elsevier Ltd. All rights reserved.
A zoonotic pathogen Yersinia pseudotuberculosis is the causal
agent of a broad range of acute and chronic gastrointestinal disor-
ders and the ancestor of Yersinia pestis1, the cause of plague. As typ-
ical for Gram negative bacteria, the immunospecificity of Y.
pseudotuberculosis strains is determined by the structures of their
O-antigens (O-polysaccharides) and they are classified accordingly
into 15 serovars, some of which are divided into subgroups.2 Struc-
tures of the O-antigens (O-polysaccharides) of several serovars
have been established.3,4 Recently, we have determined the O-anti-
gen structure of Y. pseudotuberculosis O:2a5 and reinvestigated
those of Y. pseudotuberculosis O:2c and O:3, the O:2c structure
being revised and the O:3 structure confirmed.6 In this work, we
elucidated the O-polysaccharide structure of Y. pseudotuberculosis
O:4b and confirmed a tentative structure proposed for this O-anti-
gen earlier based on incomplete chemical7 and genetic8,9 data.

The LPS were isolated from bacterial cells by the phenol–water
procedure10 and degraded under mild acidic conditions (sodium
acetate buffer, pH 4.5, 100 �C) to give an O-polysaccharide isolated
by GPC on Sephadex G-50. According to published data,7–9 the
O-polysaccharide repeating unit contains one residue of D-Gal,
tyvelose (3,6-dideoxy-D-arabino-hexose, Tyv), 6-deoxy-D-manno-
heptose (D-6dmanHep) and D-GlcNAc.

The 1H and 13C NMR (Fig. 1) spectra of the O-polysaccharide
show signals for anomeric atoms of four monosaccharides at dH

4.76, 4.93, 4.99 and 5.42 and dC 100.6, 101.3, 102.1 and 103.8, a
methyl group of Tyv at dH 1.30 and dC 18.4, methylene groups of
ll rights reserved.
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kova).
Tyv (H-3 and C-3) and 6dmanHep (H-6 and C-6) at dH 1.92, 2.05;
dC 34.6 and dH 1.74, 2.14; dC 34.7, respectively, hydroxymethylene
groups of Gal, GlcNAc (both C-6) and 6dmanHep (C-7) at dC 59.5–
62.1, and a nitrogen-bearing carbon (C-2 of GlcNAc) at d 55.8. The
signals for other sugar atoms were located at dH 3.39–4.36 and dC

68.7–81.4, and those for an N-acetyl group at dH 2.04 and dC 23.7.
Therefore, the O-polysaccharide consists of a tetrasaccharide
repeating unit containing one residue each of the reported7–9

monosaccharides.
The NMR spectra were fully assigned using 2D COSY, TOCSY,

ROESY and 1H,13C HSQC experiments (Table 1). Particularly, the
spin systems of Tyv and 6dmanHep were established by correla-
tions for the methylene groups (in case of Tyv also for the methyl
group) and that of GlcNAc by a correlation of H-2 to a nitrogen-
bearing carbon C-2 at d 3.85/55.8.

A relatively large J1,2 coupling constant of 7 Hz showed that
GlcNAc is b-linked, whereas relatively small J1,2 values (<3 Hz)
indicated that Gal and Tyv are a-linked. The b-linkage of 6dman-
Hep was inferred by comparison of its 1H and 13C chemical shifts
with those of the corresponding free monosaccharide11 and
b-6dmanHep in the O-polysaccharide of Y. pseudotuberculosis
O:2a.5 The anomeric configurations were confirmed by a 2D ROESY
experiment, which showed a H-1, H-2 correlation for the a-linked
Gal and Tyv and H-1, H-3 and H-1, H-5 correlations for the b-linked
GlcNAc and 6dmanHep.

Downfield displacements of the signals for C-3 of GlcNAc, C-3 of
6dmanHep, C-3 and C-4 of Gal to d 77.3–81.4, as compared with
their positions in the spectra of the corresponding unsubstituted
monosaccharides,11–13 revealed the glycosylation pattern in the
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Chart 1. Structure of the O-polysaccharide of Y. pseudotuberculosis O:4b.

Figure 1. 125-MHz 13C NMR spectrum of the O-polysaccharide of Y. pseudotuberculosis O:4b. Numbers refer to carbons in sugar residues denoted as follows: G, galactose; T,
tyvelose; H, 6-deoxy-D-manno-heptose; N, 2-amino-2-deoxyglucose.

Table 1
1H and 13C NMR chemical shifts (d, ppm) of the O-polysaccharide of Y. pseudotuberculosis O:4b. Chemical shifts for NAc are dH 2.04 and dC 23.7

Residue Nucleus 1 2 3 4 5 6 7

?3)-b-D-GlcpNAc-(1? N 1H 4.76 3.85 3.77 3.70 3.50 3.75, 3.94
13C 103.8 55.8 81.0 72.2 76.7 62.1

?3,4)-a-D-Galp-(1? G 1H 5.42 3.96 3.93 4.36 3.92 3.75
13C 100.6 69.2 79.8 77.3 72.5 62.1

?3)-b-D-6dmanHepp-(1? H 1H 4.99 4.17 3.66 3.54 3.39 1.74, 2.14 3.77
13C 101.3 71.7 81.4 71.1 74.0 34.7 59.5

a-Tyvp-(1? T 1H 4.93 4.07 1.92, 2.05 3.62 3.88 1.30
13C 102.1 68.7 34.6 68.3 71.3 18.4
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O-unit with Gal at the branching point and Tyv being the terminal
residue of the side chain. The terminal position of Tyv was con-
firmed by the similarity of its 13C NMR chemical shifts to those
of the terminal Tyv residue in synthetic oligosaccharides13 and a
capsular polysaccharide of Salmonella enteridis.14

The monosaccharide sequence in the O-units was established
by ROESY based on the following inter-residue correlations be-
tween anomeric protons and protons at the linkage carbons: Tyv
H-1,6dmanHep H-3 at d 4.93/3.66; 6dmanHep H-1,Gal H-4 at d
4.99/4.36; Gal H-1,GlcNAc H-3 at d 5.42/3.77 and GlcNAc H-1,Gal
H-3 at d 4.76/3.93. This pattern was confirmed by a 1H, 13C HMBC
experiment, which revealed a correlation between the anomeric
proton and the transglycosidic carbon atom for all four
monosaccharides.

Therefore, the O-polysaccharide of Y. pseudotuberculosis O:4b
has the structure shown in Chart 1. It differs from the O-polysac-
charides of Y. pseudotuberculosis O:1a15 and O:2a5 only in the pres-
ence of tyvelose in place of paratose (3,6-dideoxy-D-ribo-hexose) or
abequose (3,6-dideoxy-D-xylo-hexose), respectively, in the lateral
position of the O-unit.

1. Experimental

1.1. Bacterial strain, isolation and degradation of the
lipopolysaccharide

The wild-type strain of Y. pseudotuberculosis O:4b was kindly
provided by Professor M. Skurnik (Helsinki, Finland). Cultivation
of bacteria was performed at 22 �C as described.16 The lipopolysac-
charides were isolated by the Westphal procedure.10 A lipopolysac-
charide sample (80 mg) was heated at 100 �C for 2 h in 0.1 M
NaOAc buffer, pH 4.5, the precipitate separated by centrifugation
(13 000g, 20 min) and the supernatant fractionated on a column
(56 � 2.6 cm) of Sephadex G-50 (S) in 0.05 M pyridinium acetate
buffer, pH 4.5, with monitoring using a differential refractometer
(Knauer, Germany) to give poly- and oligo-saccharide fractions.
The yield of the O-polysaccharide was 12.5%.
1.2. NMR spectroscopy

An O-polysaccharide sample was deuterium-exchanged by
freeze-drying twice from 99.9% D2O and then examined as solution
in 99.96% D2O at 40 �C on a Bruker DRX-500 NMR spectrometer
(Germany) using internal acetone (dH 2.225, dC 31.45) as reference.
2D NMR spectra were obtained using a standard Bruker software,
and the Bruker XWINNMR 2.6 program was used to acquire and pro-
cess the NMR data. Mixing times of 200 and 100 ms were used in
TOCSY and ROESY experiments, respectively. Other NMR parame-
ters were set essentially as described.17
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