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Abstract 

The O-specific side-chain of the lipopolysaccharide from Escherichia coli 090 has been investi- 
gated using methylation analysis, partial hydrolysis, and NMR spectroscopy as the principal methods. 
It is concluded that the polysaccharide is composed of tetrasaccharide repeating-units having the 
following structure. 

+ 4)-(Y-L-Fucp-( 1+2)-P-D-Gab-( 1 + 3)-cx-D-GalpNAc-( 1 + 3)-P-D-GalpNAc-( 1 + 
2/3 

I 
OAc 

The polysaccharide contains approximately one mole of O-acetyl groups per repeating unit, 
located on the fucose residue. 

Keywords: Escherichia co& Lipopolysaccharide; Blood group antigen 

1. Introduction 

A number of Escherichia coli strains possess human blood-group activity, e.g., E. coli 
086, 090, and 0127. The structure of the bacterial O-antigen of E. coli 086 has been 
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Fig. 1. The IH NMR spectrum at 270 MHz of the O-deacetylated E. coli 090 0-polysaccharide. 

determined [ 1 ] and this strain has been shown to have high blood-group B activity [ 21. 
The structure of the O-antigen from E. coEi 0127a, which shows blood-group H activity 
[2], was recently determined [3]. The proposed structures are in agreement with the 
serological typing and with immunological determinations of their blood-group activity. It 
has been shown that antibodies specific for the O-antigens of E. coli 086 and 0127 also 
react with E. culi 090 [4]. This fact prompted us to investigate the structure of the O- 
antigenic polysaccharide from E. coEi 090 and we here report our results. 

2. Results and discussion 

The lipopolysaccharide (LPS) from the E. coli 090 was obtained by phenol-water 
extraction [ 51. The LPS was delipidated with acid under mild conditions to give the 
polysaccharide (090 PS). An acid hydrolysate of 0-deacetylated 090 PS, uide infra, 
contained fucose, glucose, galactose, 2-amino-2-deoxyglucose, 2-amino-2-deoxygalactose, 
and heptose in the relative proportions l&13:23:5:35:6. Determination of the absolute 
configuration of the sugars was performed using a modification, with ( + )-2-butanol, of 
the method developed by Leontein et al. [6] and showed L-fucose, D-galactose, and 2- 
amino-2-deoxy-D-galactose. The other sugars from the acid hydrolysate are attributed to 
derive from the core of the LPS. Methylation analysis of the 090 PS gave 2,3-di-O-methyl- 
L-fucose, 3,4,6-tri-O-methyl-D-galactose, and 2-deoxy-4,6-di-0-methyl-2-(N-methylace- 
tamido)-D-galactose in the relative proportions 0.9:1.0:0.3. The lH NMR and 13C NMR 
spectra of 090 PS showed that the O-antigen contained approximately one mole of 0-acetyl 
groups distributed over at least two positions, as the methyl chemical shifts were S, 2.17 
and 2.19 and 6c21.1 and 21.5. The lH NMR spectrum of the 0-deacetylated 090 PS (Fig. 
1) showed, inter alia, anomeric proton signals at S 5.23, 5.08, 4.64, and 4.59 having J1,2 
values of 4.0,3.7,7.7, and 8.4 Hz, respectively. The 13C NMR spectrum of the same material 
showed, interalia, signals at 6 102.9 (2), 100.1,94.1,83.3,77.3,67.8,64.5,51.9 and 49.7. 
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The NMR spectra of O-deacetylated 090 PS indicate that it is composed of tetrasaccharide 
repeating-units, and the sugar and methylation analyses together with the NMR spectra 
show that it contains an L-fucose residue substituted through O-4, a D-galactose residue 
substituted through O-Z, and two 2-amino-2-deoxy-D-galactoseresidues substituted through 
O-3. From methylation analysis and NMR spectral data of O-deacetylated 090 PS, it is 
deduced that all the sugars are pyranoid and that two have the cr and two have the p 
configuration. The amino sugars are demonstrated to be N-acetylated by the presence of 
signals at 6 2.05 and 2.07 in the ‘H NMR spectrum and at 6 22.9,23.3, 174.6, and 174.8 in 
the 13C NMR spectrum. The 13C chemical shifts for C-2 of the two 2-acetamido-2-deoxy- 
D-galactose residues indicate that one should have the fi configuration, S 51.9, and one 
should have the cy configuration, S 49.7. The lH,lH-COSY spectrum shows that the residues 
with anomeric protons at 6 5.08 and 4.59 have their H-2s at 6 4.25 and 4.14, respectively, 
and thus belong to the (Y- and P-linked 2-acetamido-2-deoxy-D-galactose residues, respec- 
tively. The H-5 chemical shift of the fucose residue is S 4.28 and hence the fucose residue 
is a-linked with its H-l at 6 5.23, H-2 at 6 3.81, and H-6 at S 1.21. The last residue with an 
anomeric proton signal at S 4.62 can therefore be assigned to the P-D-galactose residue 
having its H-2 at 6 3.64. 

The sequence of the sugars present in the polysaccharide was obtained by partial acid 
hydrolysis. Treatment of 090 PS with 0.1 M trifluoroacetic acid for 2 h followed by gel 
filtration yielded products in the oligosaccharide region. These oligosaccharides were sub- 
sequently reduced with sodium borodeuteride. One tri- and one tetra-saccharide-alditol were 
isolated. The trisaccharide-alditol contained D-galactose and 2-acetamido-2-deoxy-o-galac- 
tose in the relative proportions 4654. Methylation analysis gave 2,3,4,6-tetra-O-methyl-o- 
galactose, 2-deoxy-4,6-di-O-methyl-2-(N-methylacetamido)-D-galactose and 2-deoxy- 
1,4,5,6-tetra-O-methyl-2-(N-methylacetamido)-D-galaCtitOl-I-d in the relative proportions 
71: 11: 18. The lH NMR spectrum showed, infer &a, anomeric proton signals at S 5.13 ( 1 
H) and 4.50 (1 H) having Jl,z values of 4.0 and 7.3 Hz, respectively. The 13C NMR 
spectrum of the same material showed, inter &a, signals at S 105.5, 98.9, 63.5, 52.8, and 
49.2. The FABMS [ 71 spectrum obtained in the positive mode of the underivatised trisac- 
charide-alditol showed a peak at m/z 612 attributed to [M + Na] +. The structure of the 
trisaccharide-alditol is then defined by 1. 

P-D-Galp-( 1 -+ 3) -a-D-GalpNAc-( 14 3) -D-GalNAc-01-I -d 

1 

The tetrasaccharide-alditol contained L-fucitol, D-galactose, and 2-acetamido-2-deoxy- 
D-galactose in the relative proportions 27:30:43. Methylation analysis gave 1,2,3,5-tetra- 
O-methyl-L-fucitol-2 -d, 2,3,4,6-tetra-O-methyl-D-galactose, and 2-deoxy-4,6-di-0- 
methyl-2-(N-methylacetamido) -D-galactose in the relative proportions 35:50:15. The lH 
NMR spectrum showed, inter alia, signals at 6 5.09 (1 H), 4.67 (1 H), and 4.47 (1 H) 
having Jl,z values of 3.7,8_4, and 7.7 Hz, respectively. The 13C NMR spectrum of the same 
material showed, inter da, signals at 6 105.7, 103.0, 94.3, 81.7, 64.0,51.8, and 48.8. The 
13C chemical shift at S 94.3 as well as 6 64.0 should be due to a y-gauche effect [S] between 
H-l in the a-linked and H-4 in the P-linked 3-substituted 2-acetamido-2-deoxy-D-galactose 
residues. This effect is also observed in the O-deacetylated 090 PS and supports the view 
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that the a-linked 2-acetamido-2-deoxy-D-galactose residue substitutes the P-linked 2-ace- 
tamido-2-deoxy-D-galactose residue at O-3. The FAT3 mass spectrum obtained in the posi- 
tive mode of the underivatised tetrasaccharide-alditol showed a peak at m/z 736 attributed 
to [M+H]+, and fragments m/z 366 and 569 attributed to cleavage pathways abA and 
abcA, respectively [7]. Upon addition of sodium ions a peak is observed at m/z 758 
attributed to [M + Na] + . The structure of the tetrasaccharide-alditol is defined by 2. 

P-D-G+-{ 14 3)-cr-D-GalpNAc( 1 + 3)-P-D-GalpNAc-( 1 + 4)-~Fucitol-I-d 

2 

The above results define the repeating unit of 0-deacetylated 090 PS as structure 3. 

+ 4 ) - CX-L-Fucp- ( 1 + 2) +-D-Galp- ( 1 + 3 ) -a-D-GalpNAc- ( 1 -+ 3 ) -P-D-GalpNAc- ( + 

3 

The substitution by 0-acetyl groups at a certain sugar residue could be assessed by 
periodate oxidation which oxidises vicinal hydroxyl groups. Oxidation of 090 PS for 90 h 
at 4°C in the dark followed by addition of ethylene glycol and extensive dialysis yielded, 
after acid hydrolysis, fucose, galactose, and 2-acetamido-2-deoxygalactose in the ratios 
1.0:0.1:1.3, i.e., the 2-substituted galactose residue was oxidised whereas the 4-substituted 
fucose residue was resistant to oxidation. For comparison, an acid hydrolysate of 090 PS 
yielded fucose, galactose, and 2-acetamido-2-deoxygalactose in the ratios 1 .O: 1.1: 1.3, i.e., 
equimolar amounts of fucose and galactose. These data show that the fucose residue carries 
0-acetyl groups, which possibly were biosynthesised at one position but may have migrated 
during manipulations of the polymer. The repeating unit of Escherichia coli 090 O-antigen 
polysaccharide consequently has the structure 4. 

4 4) -(Y-L- Fucp- ( 1 +2)-P-D-Gab-( 1 + 3) -a-D-GalpNAc-( 1 -+ 3) -P-D-GalpNAc-( + 
2/3 

OAc 

4 

The determinants of the ABH blood-group system [ 91 are structurally defined by: 

a-L-Fucp- ( 1 + 2) -/3-D-Galp- ( 1 + (HI 

a-L-Fucp- ( 1 + 2) -&D-Galp- ( 1 + (AI 
3 
T 
1 

cr-D-GalpNAc 
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a-L-Fucp- ( 1 -+ 2) -P-D-Galp- ( 1 + (B) 
3 
T 
1 

a-D-Gab 

The structure of the O-antigen present in E. coli 090 shows several similarities to the 
structures of the O-antigens in the E. coli 0127 and 086,5 and 6, respectively. 

-+ 2) -CT-L-Fucp- ( 1 + 2) -P-D-Gab- ( 1 -+ 3) -a-D-GalpNAc- ( 1 -+ 3) -cu-D-GalpNAc- ( 1 --j 
+ one mole of O-acetyl groups 

5 

+ 4) -cr-L-Fucp- ( 1 -+ 2) -P-D-Gab- ( 1 + 3) -a+D-GalpNAc-( 1 + 3) -P-D-GalpNAc-( 1 --+ 
3 
T 
1 

Lw-D-Galp 
6 

The main chain of the E. coli 086 O-antigen is identical to the above proposed structure 3 
for the U-deacetylated E. coli 090 PS. The structural determination of the E. coli 086 O- 
antigen employed degradation methods using hydrogen fluoride solvolysis followed by 
borodeuteride reduction or lead tetra-acetate oxidation to yield compounds having structure 
1 or structure 3, respectively. The differences in the repeating units of the 086 and 090 
strains are in the type of substitutions. The E. coli 086 O-antigen contains a terminal 
nonreducing a-linked galactosyl group linked to the 3-position of the galactose in the chain. 
The 090 polysaccharide lacks this residue but contains acetyl group{ s) linked to the fucosyl 
residue. The main chain of the E. coli 0127 O-antigen is also very similar to both the 090 
and 086 antigens. The main differences in the structure of the 0127 antigen are: (i) the 
anomeric configuration of one of the GalNAc residues ((Y in 0127 and j3 in the others) and 
(ii) the linkage of this GalNAc residue to the fucose residue, viz. 2-linked in 0127 and 4- 
linked in the others. The reason for the cross-reactivity between these three E. coli strains 
is most likely that in all of them part of the O-antigen is very similar, e.g., WL-Fucp-( 1 -+ 2) - 
P-D-Galp- ( 1 -+ 3) -cr-D-GalpNAc- ( 1 + 3) -a/P-D-GalpNAc. The two terminal sugars con- 
stitute the blood-group H antigen. Substitution of the galactosyl residue in the main chain 
by a terminal nonreducing galactosyl group (as in E. coli 086) converts the H antigen to a 
blood-group B antigen. 

3. Experimental 

General methods.-Evaporations were performed under diminshed pressure at < 40°C 
(bath) or by flushing with air. For GLC, a Hewlett-Packard 589OA instrument, fitted with 
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a flame-ionisation detector, was used. Separations were performed on an HP5 fused-silica 
capillary column, using a temperature program 180°C (1 min) + 250°C at 3”C/min. GLC- 
MS was performed on a Hewlett-Packard 5890-5970 instrument, using the same phase. 
Hydrolysis of underivatised material was performed with 2 M trifluoroacetic acid at 120°C 
for 2 h. Methylation analyses were performed as previously described [ 10,111 . The absolute 
configurations of fucose, galactose, and 2-acetamido-2-deoxygalactose were determined 
essentially as described by Leontein et al. [ 51 by GLC of their glycosides, using ( + )-2- 
butanol. A differential refractometer was used for monitoring the gel chromatography 
effluents. FABMS spectra in the positive mode were recorded on a Jeol SX 102 instrument, 
using Xe atoms (6 kV) and a matrix of glycerol, at a resolution of 1000. The polysaccharide 
was O-deacetylated using 0.1 M NaOH for 16 h at room temperature, neutralised, and 
purified by gel chromatography. 

NMR spectroscopy.-NMR spectra of solutions in DzO were recorded at 70°C using a 
Jeol GSX-270 instrument. Chemical shifts are reported in ppm relative to sodium 3-trime- 
thylsilylpropanoate-d, (S, 0.00) and acetone (&31.00) as internal references. 

Partial hydrulysis of 0-deacetylated 090 PS.-The O-deacetylated polysaccharide (15 
mg) was treated with 0.1 M trifluoroacetic acid at 100°C for 2 h. After neutralisation, the 
sample was freeze-dried. Gel filtration of the sample on a Bio-Gel P-2 column (2.5 X 70 
cm) yielded products in the oligosaccharide region. Reduction of these oligosaccharides 
with sodium borodeuteride followed by conventional work-up and gel filtration yielded a 
tetrasaccharide-alditol (3 mg) and a trisaccharide-alditol(3 mg) . 

Treatment withperiodate.-A solution of 090 PS (3 mg) and NaIO, ( 10 mg) in 0.1 M 
acetate buffer of pH 3.9 ( 10 mL) was kept in the dark for 90 h at 4°C. Ethylene glycol (0.1 
mL) was then added and the sample dialysed extensively against deionised water. The 
sample was subjected to sugar analysis. 

Bacterial strain.-E. coli 090:K-:H- (090:CCUG 11392) was obtained from the 
Culture Collection, University of Goteborg, Sweden. 

Isolation andpur$cation of the O-poZysaccharide.-E. coli 090 bacteria were grown in 
Ty medium (30-L culture). Bacteria were killed by the addition of formaldehyde ( 1% final 
concentration) and harvested by centrifugation. Lipopolysaccharide (LPS) was extracted 
by the hot phenol-water method [5]. The LPS was treated with aq 2% AcOH (pH 3.1) at 
100°C for 2 h. Liberated lipid A was centrifuged, and the supernatant solution was neutral- 
ised, dialysed, and lyophilised. The product was further purified by column chromatography 
on a column (2.6 X 90 cm) of Bio-Gel P-4. 
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