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ABSTRACT 

The structure of the Vibrio cholerae 0:3 O-antigen polysaccharide has been investigated, mainly by 

n.m.r. spectroscopy, mass spectrometry, sugar and methylation analysis, and specific degradations, and is 

proposed to involve the following tetrasaccharide repeating-unit. 

42)~o-a-p-Hepp-( 1 -+4)-n-L-FucpNAc-( l-3)./I-Sugp-( l+ 

r- Ascp 

In this structure, D-D-Hep is D-g/ycero-D-manno-heptose, Asc is 3,6-dideoxy-L-arabino-hexose (asca- 

rylose), and Sug is 2,4-diamino-2,4,6-trideoxy-o-glucose (bacillosamine) in which N-2 is acetylated and N-4 

is acylated with a 3,5-dihydroxyhexanoic acid. That the 2,4-diamino-2,4,6-trideoxy-D-glucose residue is 

linked through O-3 and not through one of the hydroxyl groups in the 3,5-dihydroxyhexanoyl group is 

indicated but not definitely proved. The configuration of the latter group has not been determmed. The 

f.a.b.-mass spectrum of the methylated O-antigen indicates that the structure given above also represents the 

biological repeating-unit. 

INTRODUCTION 

There are some 80 serogroups of Vibrio cholerae’. V. cholerae 0: 1 is the cause of 
Asian cholera, and the other serogroups, commonly referred to as non-O:1 or non- 
agglutinating (NAG), cause similar but less severe diseases. The three O-antigens that 
have been investigated in more detail all contain unusual components. The 0:l O- 
antigen is a homopolysaccharide of 4-amino-4,6-dideoxy-D-mannose, N-acylated with 
(!+2,6dihydroxybutanoic acid*. The 0:2 O-antigen contains a 5-acetamidino-7-aceta- 
mido-3,5,7,9-tetradeoxy-L-glycero-L-manno-nonulosonic acid3 and the 0:21 O-antigen 
a D-glycero-D-manno-heptose4 residue in their oligosaccharide repeating-units. We now 
report structural studies of the 0:3 O-antigen polysaccharide. 

* On leave from Department of Chemistry, Dhaka University, Bangladesh. 
’ Department of Vaccine Production, National Bacteriological Laboratory, S-105 21 Stockholm, Sweden. 
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Fig. 2. “C-N.m.r. spectrum of the V. cholerae 0:3 O-antigen. 
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Fig. 1, ‘H-N.m.r. spectrum of the V. cholerae 0:3 O-antigen 

The ‘H-n.m.r.spectrum of A contained signals from two methylene, one N-acetyl, 
and two CHMe groups, but no signals from anomeric protons. In a COSY-spectrum, 

two spin systems could be observed. One of these could be attributed to protons from a 
carbon chain with two methylene groups and a methyl group, as was also observed for 
the PS. The (M -H)) ion (m/z 336) in the negative-mode f.a.b.-mass spectrum, in 
conjunction with evidence discussed above, indicated that it was a 2,4-diamino-2,4,6- 
trideoxy-D-glucitol-l-d, N-acylated with acetic acid and a 3,5-dihydroxyhexanoic acid. 
The e.i. mass spectrum of permethylated A (I) confirmed this conclusion and further 
determined the positions of the acyl groups. 

CHDOMe 

I 
w-131 HCNMeAc 

$04472 

376 I 
HCOMe ” 

Alditol B gave pseudomolecular ions at m/z 399 for (M - H), 401 for (M + H)’ 
and 423 for (M +Na) + on f.a.b.-m.s. in the negative and positive mode, respectively, 
indicating that it was derived from a disaccharide composed of 2-acetamido-2-deoxy- 
fucose and heptose. Hydrolysis yielded D-ylycero-D-manno-heptose and 2-amino-2- 
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If the L-FucNAc is linked to the 2,4-diamino-2,4,6-trideoxy-/3-o-glucose residue, 
as in 5, it has to be linked to O-3. Another possibility, that it is linked to one of the 
oxygens of the 3,5-dihydroxyhexanoyl moiety, is not excluded, and examples of this 
type of linkage are known’,“. The complete structure of the 3,5-dihydroxyhexanoic acid 
was not determined, as it decomposed on attempted isolation by treatment of PS with 
acid or base. 

On f.a.b.-m.s., in the positive mode, of permethylated high molecular weight 
glycoconjugates that contain 2-acetamido-2-deoxyhexosyl residues, A,-type ions are 
obtained by fragmentation at these residues”. Similarily, f.a.b.-m.s. of the fully methy- 
lated PS yielded, inter alia, fragment ions with m/z 994 and 622. These are the values 
expected for the ions 6 and 7, respectively, which are A, ions formed from the non- 
reducing end of the PS by fission at either of the amino sugar residues. These results 
support the sequence of the sugars in the tetrasaccharide repeating-unit 5 given above, 
and indicate that 5 is actually the biological repeating-unit. 

CH3CH(OMe)CH2CH(OMe)CH2CONMe 

NMeAc 
Asc-Hep-FucNMeAc 6 

+ 

OMe 
7 

As discussed above, some glycosidic linkages were most probably cleaved during 

delipidation. That the non-reducing end giving rise to the ions 6 and 7 should be formed 
exclusively by such cleavage is, however, not supported by the results of the partial 
hydrolysis of the PS. 

Secondary fragments are not common in f.a.b.-m.s. of carbohydrates. One 
exception, however, involves the A,-type fragments discussed above, which eliminate 
the substituent in the 3-position, either methanol or a methylated mono- or oligo- 
saccharide”. A strong fragment with m/z 355 probably had structure 8 and was derived 
from 6 and larger ions, formed by fission at a 2-acetamido-4-(3,5-dihydroxyhexanami- 
do)-2,4,6-trideoxy-o-glucosyl residue. This result therefore implies that this residue is 
actually linked through the 3-position, as indicated in 5. 



313 






