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COMMENTARY

The Long and the Short of Bacterial Adhesion Regulation�

David G. Thanassi*
Center for Infectious Diseases, Department of Molecular Genetics and Microbiology,

Stony Brook University, Stony Brook, New York 11794-5120

Bacteria express a variety of adhesive proteins, termed ad-
hesins, on their cell surface. Adhesive activity is required for
many aspects of the bacterial lifestyle, including attachment to
both abiotic and biotic surfaces, bacterium-bacterium interac-
tions, and biofilm formation. For pathogenic bacteria, adhesins
mediate specific binding to host cells and initiate the infectious
process (6, 9). Adhesins are critical virulence factors; they are
key determinants of the tissue tropism of a particular pathogen
and dictate how and where bacterial colonization may occur. A
given pathogen may encode multiple different adhesins to al-
low binding to different sites within the host, as well as for
interactions outside the host in the environment or in a vector.
The expression of adhesins must be regulated and coordinated
so that the proper adhesin is expressed at the proper time and
in the proper environment. In addition, bacteria must be able
to modulate adhesive activity to allow detachment from a par-
ticular niche and dispersal to new sites. Adhesins, which are by
necessity surface-exposed structures, are also prominent tar-
gets of the host immune system. Therefore, the expression of
adhesins is typically tightly controlled and subject to complex
regulatory mechanisms, including phase and antigenic varia-
tion (1, 16). Phase variation allows for on/off expression of an
adhesin, while antigenic variation changes the amino acid com-
position of surface-exposed regions of the adhesin to prevent
recognition by the host immune system. Repetitive sequence
elements have been shown to provide a source of expression
and antigenic variation in surface-exposed adhesins in both
bacterial and eukaryotic cells (2, 4, 7, 11). In this issue of
Journal of Bacteriology, Sheets and St. Geme reveal a new role
for repetitive sequence elements in controlling bacterial adhe-
sion (14). The authors demonstrate that variation of a tandem
repeated sequence results in the direct and gradual modulation
of adhesive activity.

The focus of the study by Sheets and St. Geme is the Cha
adhesin, expressed by the Haemophilus cryptic genospecies.
The Haemophilus cryptic genospecies is a Gram-negative bac-
terial pathogen and an important causative agent of maternal
genital tract and neonatal respiratory tract infections (10, 17).
In an earlier study, Sheets and colleagues identified Cha as a
novel adhesin that is conserved among different isolates of the
Haemophilus cryptic genospecies but absent from H. influenzae

strains (13). Mutagenesis of Cha caused a loss of bacterial
adhesion to epithelial cells of the genital and respiratory tract,
suggesting that Cha may be the primary adhesin responsible
for the apparent tissue tropism of the Haemophilus cryptic
genospecies (13). Cha belongs to the autotransporter family of
secreted proteins (5, 13). Autotransporters are characterized
by the presence of a conserved outer membrane or �-domain
in their C terminus and an N-terminal passenger domain that
contains the functional activity. An N-terminal signal sequence
directs translocation of the autotransporter across the cyto-
plasmic membrane to the periplasm via the Sec general secre-
tion machinery. Once in the periplasm, the C-terminal domain
inserts into the outer membrane, forming a �-barrel structure.
The passenger domain is secreted to the cell surface, either
directly through the channel provided by the �-domain or with
the assistance of the Bam outer membrane machinery (12).
Following secretion, the passenger domain may remain an-
chored to the cell surface by the �-domain or may be proteo-
lytically cleaved and released to the external milieu. Cha is a
new member of the trimeric autotransporter family (8, 13), all
members of which function as adhesins. Well-studied trimeric
autotransporters include the Yersinia YadA and Haemophilus
influenzae Hia adhesins (3, 15). For trimeric autotransporters,
the C-terminal domains trimerize to form a single outer
membrane �-barrel, which displays three intertwined pas-
senger domains on the cell surface. The passenger domains
are composed of modular and repetitive structural elements
(8). Typically, an N-terminal head domain is connected via a
neck region to a trimeric coiled-coil stalk region, which is in
turn connected to the �-domain membrane anchor. The tri-
meric autotransporters form prominent surface structures that
can be visualized by electron microscopy as lollipop-like ap-
pendages or extended hair-like structures (8). Cha shares these
conserved features but contains in addition a unique 28-resi-
due repeated sequence, located in the region corresponding to
the stalk domain. Consistent with this, the Cha repeat se-
quence has a heptad periodicity of small hydrophobic residues,
suggesting a coiled-coil architecture (14).

In the Haemophilus cryptic genospecies strain originally
analyzed by Sheets and colleagues, Cha contained nine of
the 28-residue sequence repeats (13). However, the authors
noted size differences among cha-hybridizing genomic frag-
ments from different strains, and they speculated that variation
in the number of repeats might be responsible and might result
in the generation of antigenic or functional diversity. In their
current study, Sheets and St. Geme show that the repeat-
containing region of Cha indeed undergoes spontaneous vari-
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ation (14). Through analysis of a set of Cha repeat variants
containing from none to approximately 100 repeats, the au-
thors show an inverse correlation between repeat length and
Cha-mediated adhesion; i.e., the greater the number of repeats
and the longer the Cha sequence, the lower the adhesion. This
correlation holds true both for adhesion to host cells and for
bacterium-bacterium interactions (autoaggregation). More-
over, the authors show that the impact of repeat variation on
adhesive activity cannot be explained by alterations in the
expression, surface localization, or proper folding of Cha.
These findings demonstrate that adhesion may be modulated
gradually, instead of the on/off regulation generated by phase
variation, and that longer structures are not necessarily ad-
vantageous in conferring adhesive activity. The latter finding
is surprising, because many bacterial adhesins are presented
on long, polymeric fibers, such as pili or fimbriae, which are
generally thought to enhance adhesion by moving the binding
domain away from the bacterial surface.

So what accounts for the authors’ observation that the
longer the Cha sequence, the lower the adhesion? The authors
present several pieces of data suggesting a possible mechanism.
First, the authors show that the binding activity of Cha resides
in the N-terminal, head region of the passenger domain and
that this region is responsible both for binding to host cells and
for autoaggregation. Second, autoaggregation appears to be
mediated by intermolecular Cha-Cha interactions rather than
by the binding of Cha to some other bacterial surface moiety.
Finally, the authors show by electron microscopy that expan-
sion of the Cha repeat region results in the appearance of Cha
surface structures with elongated stalk regions. Importantly,
the electron microscopy images suggest that an increasing length
of the stalk region allows the Cha head regions to aggregate
together. These results suggest a mechanism whereby the in-
creased stalk length caused by expansion of the repeat region
provides sufficient flexibility to allow the N-terminal head re-
gions to bind to each other (Fig. 1). Binding of the head
domains to each other would then prevent Cha from binding to
host cells or other bacteria. In contrast, the stalk regions of

Cha proteins with fewer repeats are presumably too short to
allow the neighboring head regions to interact. Other adhesins
that are presented on extended structures, such as pili, likely
avoid this fate due to a lack of self-binding activity. In addition,
many pilus fibers are rigid structures, one function of which
might be to decrease interactions between adhesins expressed
on the same bacterial surface. How might the repeat-mediated
modulation of Cha adhesion benefit the bacterium? Sheets and
St. Geme speculate that the alteration of adhesive activity may
provide an adaptive advantage within the host, creating varia-
tion within the bacterial population to allow binding to specific
host sites and facilitating dispersal to new sites. The extension
and contraction of the Cha sequence may also provide a source
of antigenic variation to prevent detection by the host immune
system. Thus, this mechanism of repeat-mediated variation
may provide multiple advantages, and it will be interesting to
determine its occurrence among other bacterial adhesins.
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FIG. 1. Model for repeat-mediated variation in Cha adhesive ac-
tivity. The Cha protein is cartooned with the �-domain membrane
anchor in green and the head domain, which contains the adhesin
activity, in blue. The stalk region of Cha is shown in yellow and red,
with red corresponding to the region encoded by the repeated se-
quence. The outer membrane, OM, periplasm, P, and extracellular
environment, E, are indicated. (A) Cha variants containing a small
number of repeats have a short stalk region which does not allow
head-head interactions. (B) Cha variants containing a large number of
repeats have stalks of sufficient length and flexibility to allow the head
regions to bind each other.
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