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The capsular polysaccharides (K antigens) of Escherichia coli have been divided 
into two groups, differing mainly in their genetic determination, temperature 
regulation of expression, and substitution of the reducing end by lipid’. Evidence 

was found for the existence of a third group of capsular polysaccharides (provision- 
ally termed I/ID2 which, like group I polysaccharides, are not temperature-regu- 
lated, but which are, like group II polysaccharides, substituted with phospho-lipid3 
at the reducing end. The K54 polysaccharide, a representative of group I/II, has 
been analysed and its structure was reported4 to consist of + 3)-p-u-glucosyluronic 
acid-0 * 3)-cu-L-rhamnosyl-(1 + repeating units. About 85% of the glucuronic acid 
residues were substituted, in a molar ratio of 6 : 1, with L-threonine and L-serine 
amidically linked to the carboxyl group. The amide substituents could be removed 
with alkali, without alteration of the carbohydrate chain. It has been reported 
previously5 that the K54 antigen showed serological cross-reactivity with the K96 
antigen of E. co/i. The K96 polysaccharide, which also belongs to group 1/112, was 
found to have the same sugar composition as the KS4 polysaccharide. We now 
present the structure of the K96 polysaccharide, using NMR spectroscopy, and 
compare it with that of the K54 polysaccharide. 

The polysaccharides were precipitated6 from liquid cultures of E. coli strains 
A12b (06 : K54 : HlO) and El0 (077 : K96 : H-1, together with the bacterial cells, 
using hexadecyltrimethylammonium bromide (CTAB), and extracted from the 
precipitates with calcium chloride. After repeated precipitation from aqueous 
solutions with ethanol, extraction with cold phenol at pH 6.5, and dialysis, the 
polysaccharides were obtained by lyophilisation. 
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Fig. 1. 75-MHz 13C NMR spectrum (6 182-166 and 110-5) of the K96 polysaccharide (A) and the 
deaminoacylated K54 polysaccharide (B), recorded in D,O (70°C) with acetone & 31.45) as internal 
standard. 

Both polysaccharides consisted of equimolar amounts of D-glucuronic acid and 
L-rhamnose. The K96 polysaccharide did not contain amino acids, whereas the K54 
polysaccharide contained threonine and serine, which were removed by treatment 
with M sodium hydroxide4. 

The 13C NMR spectra of the K96 polysaccharide and the amino acid-free 
derivative of the K54 polysaccharide (Fig. 1) were identical, both containing twelve 
signals. The presence of two signals in the region of anomeric carbon atoms (8 
104.7 and 101.91, one signal due to a carboxyl group (6 175.5-176.1), and one 
signal due to a C-6 methyl group (6 17.9) were indicative of a disaccharide 
repeating unit containing glucuronic acid and rhamnose. 

The ‘H NMR spectra of the deaminoacylated K54 polysaccharide and the 
native K96 polysaccharide each contained one signal for a p-anomeric proton of 
the gZuco/gulczcto configuration (6 4.69; J,,, 7.5 Hz; 7.7 Hz) and one signal for an 
anomeric proton of the munno configuration (S 5.13 and 5.14; J1,z < 2 Hz). A 
signal at S 1.26 and 1.27 was indicative of a methyl group from a 6-deoxy sugar. 
Assignments of the signals (Table I) were obtained using 2D COSY one- and 
two-step H-relayed coherence transfer (COSYRCT) 2D spectra7,‘. The visual 
multiplicities and coupling constants of the signals were determined with the help 
of 1D homonuclear double resonance in the difference mode’. The results showed 
that the repeating unit consisted of 3-a-Rha and 3-p-GlcA. 

The signals of the 13C NMR spectra were assigned (Table I) with a heteronu- 
clear COSY spectrum (XHCORRD) (Fig. 2). For the determination of the 
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Fig. 2. 2D 300-MHz heteronuclear 13C-lH COSY spectrum of the K96 polysaccharide (A) and 
deaminoacylated K54 polysaccharide (B). 

the 

absolute configurations of the sugar residues, use was made of the previous 
determination of D-GlcA and L-Rha in the K54 polysaccharide4. Using this 
information, the configurations could be verified from the glycosylation effects”. 

The results obtained show that the deaminoacylated K54 polysaccharide and 
the K96 polysaccharide both have structure 1. 

+ 3)-@-D-GlcA-(1+ 3)-a-L-Rha-(14 
1 

As reported previously4, in the K54 polysaccharide ca. 85% of the glucuronic acid 
residues are substituted at the carboxyl group amidically with threonine and serine. 
Thus, the KS4 polysaccharide appears as a substituted K96 polysaccharide. From 
the fact that the substitution is not complete, we assume that, during biosynthesis, 
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the K54 polysaccharide is first assembled and then modified by transfer of 

threonine and serine. 
Whereas amide substitution of acidic polysaccharide has been reported 

before”-‘3, the fact that the unsubstituted polysaccharide occurs as a surface 
antigen in its own right has hitherto not been described. In contrast, O-acetylation 
of a polysaccharide has not only been found as a result of form variationI where 
both forms occur together within the same bacterial culture. It has also been 
reported that a polysaccharide and its O-acetylated form occur as distinct antigens 
in different E. coli strainsi’-I’, a situation comparable to that described in this 

communication. 
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