
The human intestinal microbiota con-
tributes to host metabolism, develop-
ment and immunity. Members of the 
Bacteroides, one of the most abundant 
genera of intestinal bacteria, have 
evolved several adaptations to survive 
in this competitive environment. 
Protein glycosylation is rare in bacte-
ria and only a few general glycosyla-
tion systems have been identified. A 
study published in Cell now describes 
the discovery and characterization of 
a general O-glycosylation machinery 
in Bacteroides spp. that is essential 
for colonization of the mammalian 
intestine.

Bacteroides spp. encode a reper-
toire of genetic systems for harvesting 
and metabolizing carbohydrates from 
the intestine. One species, Bacteroides 
fragilis, produces enzymes that gather 
fucose sugars from host mucosal gly-
cans and incorporates this exogenous 
fucose into its own capsular polysac-
charides and glycoproteins. To deter-
mine the nature of the glycoproteins 
to which exogenous fucose residues 
are added, the authors purified the 
fucosylated proteins, before carrying 
out two-dimensional PAGE and tan-
dem mass spectrometry. They identi-
fied 48 different proteins and, using a 
range of techniques, confirmed that 

8 of these proteins were glycosylated. 
They generated antiserum that was 
specific to the glycan component of 
one of these proteins, and found that 
the antiserum also recognized each 
of the other purified glycoproteins, 
indicating that their glycans are 
similar or identical. Glycosylation 
occurs either on asparagine residues 
(N-linkage) or serine and threonine 
residues (O-linkage), and in this 
case it was shown that the glycans 
were O-linked at a specific three 
amino acid motif. Biochemical 
analysis indicated that the eight 
glycoproteins were secreted and 
were localized to the periplasm  
and outer membrane. 

In B. fragilis the capsular polysac-
charides are assembled at the inner 
face of the cytoplasmic membrane, 
transported across the membrane by  
a flippase and then oligomerized  
by a polymerase. The authors 
reasoned that the O-glycosylation 
machinery would probably be 
encoded in an operon that contained 
a flippase but not a polymerase, as no 
polymerization step is necessary for 
O-glycosylation. A genome search 
identified such a region, which con-
tained a putative flippase, five putative 
glycosyltransferase enzymes and 

other genes likely to be involved in 
oligosaccharide synthesis. Deletion 
of all nine genes in this region 
(which spanned BF4298–BF4306) 
blocked fucosylated glycoprotein 
synthesis; as such, the authors named 
this the lfg (locus of fragilis glyco-
sylation) region. Other Bacteroides 
species have similar regions to lfg, 
and glycoproteins of several species 
were shown to be glycosylated at the 
same conserved motif.

Finally, the authors found that 
although an ∆lfg strain of B. fragilis 
was able to achieve similar growth to 
wild-type B. fragilis in monoassocia-
tion studies in a gnotobiotic mouse 
model, it was not able to compete with 
the wild-type strain for colonization 
of the mouse intestine when co-
inoculated. These findings indicate 
that the general O-glycosylation 
system is essential for B. fragilis to 
colonize its ecological niche. 
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…general 
O-glycosylation 
of proteins is 
essential for 
B. fragilis to 
colonize its 
ecological niche.
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