
Enteric bacteria Escherichia coli and Shigella spp.
include both commensal and pathogenic clones. Many
Shigella strains are human pathogens that cause diarrhea
and bacillary dysentery (shigellosis). Specific serotypes of E.

coli are associated with enteritis, hemorrhagic colitis, and
hemolytic uremic syndrome. The O-antigen is a polysac-
charide chain (O-polysaccharide) of the lipopolysaccharide
of Gram-negative bacteria, including E. coli and Shigella

spp. It consists of a number of oligosaccharide repeats (O-
units) and is attached to lipid A via a core oligosaccharide.
The O-antigen contributes the major antigenic variability to
the bacterial cell surface and is subject to intense selection

by the host immune system, which may account for the
maintenance of diverse O-antigen forms within species.
The current typing schemes of E. coli and Shigella comprise
181 and 34 basic O-antigen forms, respectively. The O-anti-
gen is also an important virulence factor that can influence
survival and invasiveness of bacteria.

Escherichia coli and Shigella spp. have long been
known to be closely related, but in the 1940s, strains of
Shigella spp. were separated from E. coli, put into their
own genus, and subgrouped into four species: Shigella

boydii, Shigella dysenteriae, Shigella flexneri, and Shigella

sonnei. Analysis of housekeeping genes showed that most
serotypes of Shigella spp. fall into three clusters within E.

coli, which were estimated to have evolved within the last
35,000 to 270,000 years [1]. Clusters 1 and 2 include 19
and 8 serotypes, respectively, due to the presence of differ-
ent, generally unrelated, O-antigens. Cluster 3 includes all
S. flexneri serotypes (except for type 6), whose O-antigens
share a common basic structure and differ only in the dis-
tribution of side-chain glucose residues, O-acetyl groups,
and phosphoethanolamine that are attached by enzymes
encoded by prophage or plasmid genes [2]. Shigella boydii
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Abstract—Gene clusters for biosynthesis of 24 of 34 basic O-antigen forms of Shigella spp. are identical or similar to those
of the genetically closely related bacterium Escherichia coli. For 18 of these relatedness was confirmed chemically by eluci-
dation of the O-antigen (O-polysaccharide) structures. In this work, structures of the six remaining O-antigens of E. coli

O32, O53, O79, O105, O183 (all related to S. boydii serotypes), and O38 (related to S. dysenteriae type 8) were established
using 1H and 13C NMR spectroscopy. They were found to be identical to the Shigella counterparts, except for the O32- and
O38-polysaccharides, which differ in the presence of O-acetyl groups. The structure of the E. coli O105-related O-polysac-
charide of S. boydii type 11 proposed earlier is revised. The contents of the O-antigen gene clusters of the related strains of
E. coli and Shigella spp. and different mechanisms of O-antigen diversification in these bacteria are discussed in view of the
O-polysaccharide structures established. These data illustrate the value of the O-antigen chemistry and genetics for eluci-
dation of evolutionary relationships of bacteria.
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type 12 with an unrelated O-antigen also falls in cluster 3.
Five Shigella serotypes (S. dysenteriae types 1, 8, and 10, S.

boydii type 13, and S. sonnei) constitute independent line-
ages within E. coli. Therefore, Shigella strains are in effect
E. coli with a specific mode of pathogenicity, and the over-
all picture is of E. coli as a diverse species with a number of
pathogenic clones.

Most O-antigens of E. coli and Shigella spp. are syn-
thesized by the polymerase Wzy/flippase Wzx-dependent

pathway [3]. In the clones that use this pathway, genes
for O-antigen synthesis are located in a gene cluster
between conserved galF and gnd genes. The cluster typi-
cally contains genes for synthesis of nucleotide sugar
precursors, genes encoding glycosyltransferases for the
O-unit assembly, and O-antigen processing genes wzx

and wzy. Gene clusters of 24 of 34 known basic O-anti-
gen forms of Shigella spp. are identical or very similar to
those of E. coli (Table 1), and 10 gene clusters are unique

Shigella spp.

S. boydii type 1

S. boydii type 3

S. boydii type 4

S. boydii type 5

S. boydii type 8

S. boydii type 10

S. boydii type 11

S. boydii type 15

S. dysenteriae type 3

S. dysenteriae type 5

S. dysenteriae type 7

S. dysenteriae type 12

S. dysenteriae type 13

S. flexneri type 4ba

S. flexneri type 5aa

S. boydii type 14

S. dysenteriae type 2

S. dysenteriae type 4

S. dysenteriae type 8

S. dysenteriae type 11

S. flexneri type 6

S. boydii type 6

S. dysenteriae type 1

S. dysenteriae type 3

S. dysenteriae type 6

S. dysenteriae type 9

S. flexneri type Ya

E. coli

[4]

[4]

this work

this work

[4]

this work

this work

[4]

[4]

[4]

[4]

[4]

[4]

[6]

[6]

this work

[4]

[4]

this work

[4]

[4]

[7]

[4]

[4]

[4]

[4]

[6]

Table 1. Shigella spp. and E. coli serotypes with related O-antigens

Shigella spp.

[4]

[4]

[11]

[4, 12]

[4]

[13]

[14], this work

[4]

[4]

[4]

[4]

[4]

[4]

[4]

[4]

[4, 16]

[4]

[4]

[15]

[4]

[4]

[13]

[4]

[4]

[4]

[4]

[4]

E. coli serotype

O149

O167

O53

O79

O143

O183

O105

O112ab

O124

O58

O121

O152

O150

O135

O129

O32

O112ac

O168

O38

O29

O147

O169

O148

O164

O130

O40

O13

Reference to O-polysaccharide structure of

a S. flexneri types 4b, 5a, and Y have the same basic O-antigen structure.

O-polysaccharide structures are identical

O-polysaccharides differ in O-acetylation

O-polysaccharides differ in another manner
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to Shigella strains, including eight in S. boydii and one
each in S. dysenteriae and S. sonnei [4, 5]. O-antigen
structures of all Shigella types are known and summa-
rized in a review [4]. Escherichia coli counterparts of 18
of 24 genetically related serotypes of Shigella spp. have
been studied and found to be either identical or very
similar also in respect to the O-polysaccharide structure
[4, 6, 7]. The O-polysaccharide structures of the six
remaining E. coli serogroups O32, O53, O79, O105,
O183 (all related to S. boydii strains), and O38 (related
to S. dysenteriae type 8), were determined in the present
work.

MATERIALS AND METHODS

Escherichia coli O32, O38, O53, O79, O105, and
O183 type strains (laboratory stock numbers G1264,
G1648, G1067, G4218, G2806, and G5977, respectively)
were obtained from the Institute of Medical and
Veterinary Science, Adelaide, Australia. The bacteria
were grown to late log phase in 8 liters of Luria–Bertani
broth using a 10-liter fermenter (BIOSTAT C-10; B.
Braun Biotech International, Germany) under constant
aeration at 37°C and pH 7.0. Bacterial cells were washed
and dried as described [8].

Lipopolysaccharides were isolated from bacterial
cells by the phenol–water method [9], and to remove
phenol the crude extract was dialyzed without separation
of the layers and then freed from nucleic acids and pro-
teins by treatment with 50% aq. CCl3CO2H to pH 2.0 at
4°C. The supernatant was dialyzed and lyophilized. The
lipopoly-saccharides were obtained in yields of 7-9%.

Mild acid degradation of the lipopolysaccharides was
performed with aq. 2% HOAc at 100°C until precipitation
of lipid (1-1.5 h). The precipitate was removed by cen-
trifugation (13,000g, 20 min), and an O-polysaccharide
(32-52% of the lipopolysaccharide mass) was isolated by
gel-permeation chromatography on a column (56 ×
2.6 cm) of Sephadex G-50 Superfine (Amersham
Biosciences, Sweden) in 0.05 M pyridinium acetate
buffer, pH 4.5, monitored using a differential refractome-
ter (Knauer, Germany).

Samples were deuterium-exchanged by freeze-dry-
ing from 99.9% D2O and then examined by NMR spec-
troscopy as solutions in 99.95% D2O. NMR spectra were
recorded on an Avance II 600 MHz spectrometer
(Bruker, Germany) at 20 (O79), 30 (O32, O38), 40
(O53), or 50°C (O105, O183) using internal sodium 3-
trimethylsilylpropanoate-2,2,3,3-d4 (δH 0, δC −1.6) as
internal reference for calibration. Two-dimensional
NMR spectra were obtained using standard Bruker soft-
ware, and the Bruker TopSpin 2.1 program was used to
acquire and process the NMR data. Spin-lock time of
60 ms and mixing time of 150 ms were used in TOCSY
and ROESY experiments, respectively.

RESULTS

Lipopolysaccharides were isolated from E. coli cells
by the phenol–water procedure and cleaved with mild
acid to release the O-polysaccharides, which were then
isolated by Sephadex G-50 gel-permeation chromatogra-
phy. The O-polysaccharides were studied by 1H and 13C
NMR spectroscopy, including two-dimensional 1H,1H
COSY, 1H,1H TOCSY, 1H,1H ROESY, 1H,13C HSQC,
and 1H,13C HMBC experiments. As a result, the 1H and
13C NMR chemical shifts were assigned, and the spin sys-
tems for each monosaccharide residue were identified.
The amino sugars (GlcNAc and GalNAc) were distin-
guished by correlation of the proton at the nitrogen-bear-
ing carbon (H-2) with the corresponding carbon (C-2).

Based on 3JH,H coupling constants estimated from
the two-dimensional NMR spectra and C-5 chemical
shifts compared with published data [10], relative config-
urations of the monosaccharides and configurations of
the glycosidic linkages were determined. The positions of
glycosylation were established by significant downfield
displacements of the 13C NMR signals for the linked car-
bons of the monosaccharide residues in the polysaccha-
rides, as compared with the data of the corresponding
non-substituted monosaccharides [10]. The sequences of
the monosaccharides were established by 1H,1H ROESY
experiments, which revealed correlations between the
anomeric protons and the protons at the linkage carbons,
and 1H,13C HMBC experiments showing correlations
between the anomeric protons and the linkage carbons
and vice versa. The positions of the O-acetyl groups,
when present, were determined by significant downfield
displacements of the proton and carbon signals at the O-
acetylation sites due to a deshielding effect.

As a result, the structures of E. coli O53, O79, and
O183 were found to be identical to those of related S. boy-

dii types 4 [11], 5 [12], and 10 [13], respectively (Figs. 1-
3). The O-polysaccharide of S. boydii type 5 includes an
O-acetyl group at position 6 of a mannose residue, and
the degree of O-acetylation was reported to vary from 30
to 50% in various batches of bacterial cells [12]. In the
related O79-polysaccharide, about half of mannose
residues are O-acetylated too.

The O-polysaccharides of related E. coli O105 and S.

boydii type 11 [14] include a number of minor O-acetyl
groups. The 1H and 13C NMR chemical shifts of the O-
deacetylated polysaccharides (Table 2) were essentially
identical in the two bacteria, but analysis using two-
dimensional NMR spectroscopy showed that an incorrect
structure was proposed earlier for S. boydii type 11 O-
polysaccharide [14]. Particularly, the revised structure
shown below (Fig. 4) differs in the monosaccharide
sequence and configuration of one of the rhamnosidic
linkages. An attempt to determine the O-acetylation sites
failed, as the content of the O-acetyl groups at each posi-
tion was too low.
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The O-polysaccharide structures of E. coli O38 and
S. dysenteriae type 8 also are identical (Fig. 5), but the
former contains minor O-acetyl groups that have not
been reported in the latter [15]. The positions of the O-
acetyl groups in the O38-polysaccharide were not deter-
mined as, again, their content was too low. Different O-
polysaccharide structures have been reported for two S.

dysenteriae type 8 strains [15], and E. coli O38 shares the
structure with S. dysenteriae strain G1221.

Similarly, the O-polysaccharide of E. coli O32
includes O-acetyl groups as opposite to the S. boydii type
14 counterpart [16]. O-Deacetylation by treatment with
aqueous ammonia resulted in a modified polysaccharide
whose structure was established by two-dimensional
NMR spectroscopy (for assigned 1H and 13C NMR
chemical shifts see Table 2) and found to be identical to
that of S. boydii type 14 (Fig. 6), which was elucidated
earlier using other methods [16].

α-D-Glcp
1
↓
2      

→3)-α-L-Rhap-(1→4)-β-D-GlcpA-(1→3)-β-L-Rhap-(1→4)-β-D-GlcpNAc-(1→

Fig. 1. O-polysaccharide of E. coli O53 and S. boydii type 4 [11].

α-L-Rhap
1
↓
3

→2)-β-D-Galp-(1→4)-β-D-Manp-(1→3)-β-D-Manp-(1→4)-β-D-GlcpA-(1→3)-α-D-GlcpNAc-(1→
6
|

OAc

Fig. 2. O-polysaccharide of E. coli O79 and S. boydii type 5 [12].

→3)-α-D-Galp-(1→4)-α-D-Manp-(1→4)-α-D-Manp-(1→3)-β-D-GalpNAc-(1→
4
↑
1

β-D-GlcpA-(4←1)-β-D-Ribf

Fig. 3. O-polysaccharide of E. coli O183 and S. boydii type 10 [13].

F                          E

β-D-Ribf-(1→4)-α-D-GlcpA
1
↓
2

→3)-α-L-Rhap-(1→3)-β-L-Rhap-(1→4)-α-L-Rhap-(1→3)-β-D-GlcpNAc-(1→
D                           С                             B                           A

Fig. 4. O-Deacetylated O-polysaccharide of E. coli O105 and S. boydii type 11 (revised structure).

α-D-GlcpNAc
1
↓
4

→6)-β-D-GlcpNAc-(1→3)-β-D-GalpNAc-(1→4)-β-D-GlcpA-(1→3)-β-D-GalpNAc-(1→

Fig. 5. O-Deacetylated O-polysaccharide of E. coli O38 and O-polysaccharide of S. dysenteriae type 8 [15].
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A comparison of the 1H,13C HSQC spectra of the
initial and O-deacetylated polysaccharides from E. coli

O32 revealed downfield displacement of parts of the
H2/C2 and H3/C3 cross-peaks of 4-substituted galactose
residue B from δ 3.65/72.5 and 3.81/74.2 to δ 5.02/74.2

and 5.01/75.9, respectively. Therefore, residue B is par-
tially O-acetylated at position either 2 or 3 (Fig. 7).
Accordingly, the signals for the neighboring carbons C1
and C3 of Gal2Ac shifted upfield from δ 104.2 and 74.2 to
δ 101.9 and 72.9, and those for C2 and C4 of Gal3Ac

Residue

→4)-β-D-GlcpNAc-(1→
A

→4)-β-D-Galp-(1→
B

→6)-β-D-Galp-(1→
C

→4)-β-D-GlcpA-(1→
D

→6)-α-D-Galp-(1→
E

→3)-β-D-GlсpNAc-(1→
A

→4)-α-L-Rhap-(1→
B

→3)-β-L-Rhap-(1→
C

→2,3)-α-L-Rhap-(1→
D

→4)-α-D-GlcpA-(1→
E

β-D-Ribf-(1→
F

С6
H6 (6a,6b)

61.4
3.86, 4.04

62.0
3.80, 3.85

71.1
3.93, 4.02

175.9

68.0
3.73, 3.94

62.4
3.73, 3.89

17.7
1.26

18.0
1.34

17.9
1.30

Table 2. 1H and 13C NMR chemical shifts (δ, ppm)

С5
H5 (5a,5b)

76.0
3.71

75.7
3.78

74.9
3.88

78.1
3.81

69.3
3.97

76.9
3.45

68.6
4.07

73.2
3.48

71.0
3.88

73.2
4.28

61.7
3.73, 3.86

С3
H3

73.7
3.79

74.2
3.81

74.0
3.68

77.7
3.77

70.4
3.80

82.4
3.79

70.3
3.86

81.9
3.66

80.0
4.03

72.6
3.77

70.4
4.35

С1
H1

102.5
4.78

104.2
4.52

105.3
4.59

104.2
4.52

99.9
5.48

103.1
4.88

102.2
4.87

101.5
4.73

101.2
5.10

98.9
4.99

109.1
4.97

Note: 1H NMR chemical shifts are italicized.
a,b Chemical shifts for the N-acetyl group are: a δH 2.08, δC 23.5 (Me), and 176.3 (CO); b δH 2.04, δC 23.6 (Me), and 175.5 (CO).

c Assignment could be interchanged.

С2
H2

56.3
3.78

72.5
3.65

72.6
3.58

74.2
3.37

69.8
3.80

57.0
3.74

71.3
3.93

71.8
4.12

77.7
4.21

72.3c

3.59

75.7
4.14

С4
H4

79.8
3.72

78.1
4.22

69.9
3.93

77.6
3.78

69.5
3.87

70.0
3.50

83.8
3.57

72.1
3.49

72.5c

3.59

81.6
3.50

83.4
4.02

O-deacetylated polysaccharide from E. coli O32a

O-deacetylated polysaccharide from E. coli O105b

→6)-α-D-Galp-(1→4)-β-D-GlcpA-(1→6)-β-D-Galp-(1→4)-β-D-Galp-(1→4)-β-D-GlcpNAc-(1→
E D     С                           B                           A

Fig. 6. O-Deacetylated O-polysaccharide of E. coli O32 and O-polysaccharide of S. boydii type 14 [16].

→6)-α-D-Galp-(1→4)-β-D-GlcpA-(1→6)-β-D-Galp-(1→4)-β-D-Galp-(1→4)-β-D-GlcpNAc-(1→
2/3
|

OAc

Fig. 7. O-polysaccharide of E. coli O32.
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from δ 72.5 and 78.1 to δ 71.2 and 75.2, respectively (β-
effects of O-acetylation). As judged by the ratios of inte-
gral intensities of the 1H NMR signals of various forms of
residue B, the degree of O-acetylation at position 2 and 3
is ~20 and ~30%, respectively.

DISCUSSION

Elucidation of the O-polysaccharide structures of six
remaining E. coli serotypes that are related to Shigella

strains enables a complete view on the antigenic relation-
ships between these bacteria. Totally 24 and 27 basic O-
antigen forms of Shigella spp. and E. coli, respectively, are
involved (Table 1). Of them, 15 pairs possess identical O-
polysaccharide structures, and in six pairs, the O-poly-
saccharides differ only in O-acetylation, which occurs in
one of the counterparts. The O-antigen gene clusters of
these bacteria have pairwise the same organization and a

high level of DNA homology (>97% identity) [4]. This
finding indicates that O-acetylation is encoded elsewhere
in the genome, most likely by prophage genes as demon-
strated for S. flexneri [2].

The O-units of E. coli O130 (Fig. 8) and S. dysente-

riae type 6 (Fig. 9) are identical apart from O-acetylation
in the latter, but the O-antigen of type 6 comprises only
one O-unit. The O-antigen gene clusters of these strains
are nearly identical, but in type 6, the polymerase gene
wzy and one of the glycosyltransferase genes wffH are
fused in one open reading frame due to a single base dele-
tion, which apparently blocks Wzy function [4]. O-
Acetylation in type 6 is encoded outside the gene cluster.

Escherichia coli O13, O129, and O135 share the basic
O-antigen structure and gene cluster with S. flexneri non-
6 serotypes [6]. Whereas O129- and O135-polysaccha-
rides are O-acetylated and glycosylated in the same man-
ner as those of S. flexneri types 5a and 4b, respectively
(Figs. 10 and 11), the O13-polysaccharide is distin-

Gro-2-P-(O→4)-β-D-GalpNAc
1
↓
3

→4)-α-D-Galp-(1→6)-β-D-Glcp-(1→3)-β-D-GalpNAc-(1→

Fig. 8. O-polysaccharide of E. coli O130 [4].

Gro-2-P-(O→4)-β-D-GalpNAc-3−OAc
1
↓
3

α-D-Galp-(1→6)-β-D-Glcp-(1→3)-β-D-GalpNAc-(1→

Fig. 9. O-unit of S. dysenteriae type 6 [4].

OAc
|

3/4  
→2)-α-L-Rhap-(1→2)-α-L-Rhap-(1→3)-α-L-Rhap-(1→3)-β-D-GlcpNAc-(1→

3
↑
1

α-D-Glcp

Fig. 10. O-polysaccharide of E. coli O129 [6] and S. flexneri type 5a [6].

α-D-Glcp
OAc                       1
|                            ↓
2                            6

→2)-α-L-Rhap-(1→2)-α-L-Rhap-(1→3)-α-L-Rhap-(1→3)-β-D-GlcpNAc-(1→

Fig. 11. O-polysaccharide of E. coli O135 [6] and S. flexneri type 4b [6].
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guished by a unique site of side-chain glycosylation (Fig.
12). No genes for glycosylation are present in the O-anti-
gen gene clusters of O13, O129, and O135, and, most
likely, as in S. flexneri [2], this modification is encoded by
a gtr gene cluster having phage origin.

In contrast, in E. coli O169, a glycosyltransferase
gene that may be responsible for side-chain glucosyla-
tion occurs at the 3′-end of the O-antigen gene cluster
[7]. This gene is absent from the related cluster of S.

boydii type 6, whose O-polysaccharide lacks any side-
chain glucose residue accordingly [13] (compare Figs.
13 and 14). This pair is genetically related to another
pair of E. coli O183 and S. boydii type 10 [5], but the O-
polysaccharide of the latter pair includes a ribofuranosyl
residue terminating a short side chain (see “Results”
section). The genetic basis for the lack of ribose from the

O-polysaccharides of E. coli O169 and S. boydii type 6
has been elucidated due to different recombination
events affecting the ribofuranosyltransferase gene wbaM

[7, 13].
In two pairs, related O-antigens differ in the pres-

ence or absence of a non-sugar substituent: ether-linked
(R)-lactic acid (Rlac) or acetal-linked pyruvic acid
(Rpyr). They occur in the O-polysaccharides of S. dysen-

teriae type 3 (identical to E. coli O124) (Fig. 15) and type
9 (Fig. 16) but are absent from E. coli O164 (Fig. 17) and
O40 counterparts (Fig. 18), respectively [4]. The loss of
the acids is accounted for by inactivation of genes
involved in their synthesis in otherwise nearly identical
O-antigen gene clusters. The inactivation of the wffR gene
responsible for synthesis of the lactic acid ether in O164 is
due to an insertion of an IS3 element, and a putative

α-D-Glcp
1                            OAc 
↓ |
2 6  

→2)-α-L-Rhap-(1→2)-α-L-Rhap-(1→3)-α-L-Rhap-(1→3)-β-D-GlcpNAc-(1→

Fig. 12. O-polysaccharide of E. coli O13 [6].

→3)-α-D-Galp-(1→4)-α-D-Manp-(1→4)-α-D-Manp-(1→3)-β-D-GalpNAc-(1→
4
↑
1

β-D-GlcpA

Fig. 13. O-polysaccharide of S. boydii type 6 [13].

β-D-Glcp 
1
↓
6

→3)-α-D-Galp-(1→4)-α-D-Manp-(1→4)-α-D-Manp-(1→3)-β-D-GalpNAc-(1→
4
↑
1

β-D-GlcpA

Fig. 14. O-polysaccharide of E. coli O169 [7].

→3)-α-D-Galp-(1→6)-β-D-Galf-(1→3)-β-D-GalpNAc-(1→
4
↑
1

Rlac−4-β-D-Glcp-(1→6)-α-D-Glcp

Fig. 15. O-polysaccharide of E. coli O124 [4] and S. dysenteriae type 3 [4].
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pyruvyltransferase gene lat (wfeP) is inactivated by a
frame-shift mutation in O40 [4].

Escherichia coli O148 (Fig. 19) and S. dysenteriae

type 1 (Fig. 20) have similar O-polysaccharides that differ
only in replacement of an α-D-glucose residue in the for-
mer with an α-D-galactose residue [4]. The O-antigen
gene clusters of the two strains have the same organiza-
tion and a high level of DNA homology (89.8-99.5%
identity), except that in S. dysenteriae type 1 the glucosyl-
transferase gene wbbG is interrupted by a deletion, and a
plasmid-borne galactosyltransferase gene wbbP is respon-
sible for the transfer of the galactose residue. It seems evi-
dent that the type 1 O-antigen evolved from the O148
antigen by inactivation of wbbG and gain of a wbbP-carry-
ing plasmid [4].

Therefore, there are different mechanisms of diversi-
fication of the O-antigens of E. coli and Shigella spp.
including: (i) acquisition of a gene for O-acetylation or
side-chain glucosylation either located in a prophage or
incorporated into the O-antigen gene cluster resulting in
a complication of the O-polysaccharide structure; (ii)
inactivation of a gene for a glycosyltransferase (ribosyl-
transferase) or for transfer or synthesis of a non-sugar
acid constituent (lactic acid or pyruvic acid) resulting in a
reduction of the O-antigen structure, and (iii) inactiva-

tion of a gene for a glycosyltransferase amended by acqui-
sition of a plasmid carrying another glycosyltransferase
gene.

Nine of ten O-antigen structures that are unique for
Shigella spp. (those of S. boydii types 2, 7, 9, 12, 13, 16-
18 and S. dysenteriae type 10) are rather typical for E. coli

[4]. Particularly, as the majority of the O-antigens shared
by Shigella spp. and E. coli, they all are acidic. The corre-
sponding parent E. coli strains have been either extin-
guished from nature or not found yet. In contrast, the O-
antigen of S. sonnei is quite atypical for E. coli, and the
gene cluster for its biosynthesis is thought to have been
transferred on a plasmid from Plesiomonas shigelloides

[17].
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→3)-α-D-Galp-(1→6)-β-D-Galf-(1→3)-β-D-GalpNAc-(1→
4
↑
1

β-D-Glcp-(1→6)-α-D-Glcp

Fig. 17. O-polysaccharide of E. coli O164 [4].

→2)-β-D-Galp-(1→4)-β-D-Manp-(1→4)-α-D-Gal-(1→3)-β-D-GlcpNAc-(1→

Fig. 18. O-polysaccharide of E. coli O40 [4].

→2)-β-D-Galp-(1→4)-β-D-Manp-(1→4)-α-D-Gal-(1→3)-β-D-GlcpNAc-(1→
3,4
|

Rpyr

Fig. 16. O-polysaccharide of S. dysenteriae type 9 [4].

→3)-α-L-Rhap-(1→3)-α-L-Rhap-(1→2)-α-D-Glcp-(1→3)-α-D-GlcpNAc-(1→

Fig. 19. O-polysaccharide of E. coli O148 [4].

→3)-α-L-Rhap-(1→3)-α-L-Rhap-(1→2)-α-D-Galp-(1→3)-α-D-GlcpNAc-(1→

Fig. 20. O-polysaccharide of S. dysenteriae type 1 [4].
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