
Pathogenic fungi get a grip on their hosts

Sticky proteins help Candida colonise your skin

In order to colonise its host, a pathogen must be able to stick to 
it. Many microbial pathogens produce an arsenal of protein 
molecules called adhesins to help them bind to the host. 
The “Microbial Surface Components Recognising Adhesive Matrix 
Molecules” family of adhesins (MSCRAMMs for short) are produced by 

bacteria such as Staphylococcus aureus and bind proteins in the extracellular matrix of 
their host’s tissues. They typically recognise, and bind to, certain motifs in fibrous 
extracellular matrix proteins such as fibrinogen, collagen or laminin. MSCRAMMs 
contain a protein-binding domain towards their N-terminus and are anchored to the 
bacterial cell wall by the C-terminal portion of the protein. A region of low-complexity 
sequence connects these two parts of the molecule (Figure 1).

 

Fig 1. Bacterial (left) and fungal 
(right) adhesins contain a binding 
domain (blue rhombi) linked to 
the cell with a cell wall anchor 
(green dot) via a low-complexity 
sequence (grey line). Whilst the 
bacterial adhesins clamp a host 
protein (yellow) behind the C-
terminal extension of the binding 
domain (red), fungal adhesins bind to 
the free end of a host protein.

 

The structures of binding domains from several bacterial MSCRAMMs have been 
solved on their own and in complex with peptides from their substrate proteins. You 
can explore the available structures using the PDBeXplore Pfam browser (PF10425). 
These show that MSCRAMM binding domains are formed of two smaller domains 
with immunoglobulin-like folds which bind the host protein in a surface cleft between 
them. On binding, the C-terminal portion of the MSCRAMM binding domain changes 
conformation and clamps across the bound protein (View 1) rather like the seat belt in a 
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car securing the driver in the seat. 

Fungi bind promiscuously
The pathogenic fungus Candida albicans, a common agent of topical infection in 
humans, also expresses adhesins on its surface which are vital for the organism 
to colonise its host. The agglutinin-like sequence (Als) family of adhesins are long 
glycoproteins, approximately 900 amino acids in length. Like the bacterial MSCRAMMs 
they have a region of low-complexity sequence between the N-terminal binding domain 
and the C-terminal cell-wall anchor (Figure 1).

Unlike their bacterial counterparts, however, the Candida Als adhesins are promiscuous 
in that they can bind many different proteins. Research has shown that they are capable 
of binding up to 10% of a library containing 107 random peptides (ref 1). Als proteins 
have a preference for binding the C-terminal end of proteins, whereas MSCRAMMs can 
bind to surface exposed loops.

The lab of Ernesto Cota at Imperial College in London solved the structure of the binding 
domain of a Candida albicans Als adhesin called Als9-2 (PDB entry 2y7n). This revealed 
that Als9-2 has a fold similar to the bacterial MSCRAMMs and is made up of two 
immunoglobulin-like domains called N1 and N2 (View 2). At the interface between these 
two domains in Als9-2 lies a short helix and a short β-strand which are not present in the 
bacterial adhesins.

The Cota lab also solved the structure of Als9-2 in complex with the C-terminal peptide 
from human fibrinogen gamma (PDB entry 2y7n) which explains why Als9-2 has a 
propensity to bind the C-terminal end of proteins and how it is able to bind such a wide 
variety of protein sequences. Whereas the bacterial MSCRAMMs bind proteins on the 
face of the molecule, Als9-2 has a deep cavity formed from the surface of the N2 domain 
and a large loop contributed by the N1 domain (View 3). The cavity is approximately 15Å 
deep and it is here that peptides bind. It is blocked at the end by several bulky residues, 
so, in contrast to bacterial adhesins which bind to the middle of their substrates, Als9-2 
can only bind free ends of proteins. The cavity is of sufficient depth to accommodate six 
amino acids of a substrate protein. In common with the bacterial protein, the C-terminal 
region of the Als9-2 binding domain exhibits different conformations when Als9-2 is in 
its bound and unbound states, extending along the N1 domain when a peptide is bound 
and contributing residues to the closed end of the cavity.

A Lys at the end of the tunnel
The binding peptide from the C-terminus of fibrinogen inserts all the way into the cavity 
(View 4) engaging in many backbone-backbone hydrogen-bonding interactions as well 
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as hydrophobic contacts. The terminal carboxylate of the peptide forms a salt bridge with 
the ε-amino group of a lysine which lies at the end of the cavity and originates from the 
short β-strand between the domains. This interaction explains why the Candida adhesins 
preferentially bind free C-termini of proteins: the buried positive charge on the lysine is 
neutralised by the negative charge from the substrate. The adhesin cannot bind peptides 
without a C-terminal carboxylate group. A positive charge so deep in a protein structure 
is unusual, but this residue is conserved throughout the Als family. The residue seems to 
be essential to the structure of Als9-2 as well as its function as engineering mutations to 
this residue caused the protein to misfold or not express at all.

It is clear from View 3 that the binding cavity is much wider than the fibrinogen peptide, 
which binds against one side of it. The space on the other side is taken up by a 
network of water molecules bridging between peptide and protein which could easily be 
displaced by more bulky side chains of a peptide. This wide binding site means that it 
can accommodate peptides with a variety of different sequences.

Chasing its tail
This ability to accommodate different peptides was unexpectedly observed in the crystal 
structure of the binding domain with no peptide bound (PDB entry 2y7n). The C-terminus 
of the protein (seen in View 2) actually extends to occupy the binding site of an adjacent 
copy of Als9-2 in the crystal. In spite of the different sequences (KQAGDV-COOH in 
fibrinogen and GDVIVV-COOH at the end of Als9-2) the position of the C-terminal 
carboxylate differs by only 0.8Å between the two structures (View 5). When the Cota lab 
mutated a residue (G299W) to try and reduce the flexibility of the C-terminus to prevent 
this artefactual binding interaction (PDB entries 2y7o and 2ylh), the C-terminal region 
unexpectedly adopted a conformation in which it was bound in its own binding site. NMR 
studies have shown that this self-binding is likely to occur in solution too. In vivo, the 
C-terminal region would not be available for binding as the crystallised domain is part 
of a much larger protein. The observation demonstrates the affinity of the adhesin for 
free protein C-termini, and the Cota group estimate that the dissociation constant is less 
than 10μM, a similar binding strength to that of a hexa-histidine tag with its nickel affinity 
resin.

Seize the opportunity
Whilst individual Candida albicans adhesins can bind to many different peptides, 
the number of peptides to which the fungus can bind is further increased because it 
expresses nine different adhesins which are homologous to Als9-2. There are sequence 
differences around the peptide-binding cavity, so if one adhesin is unable to bind a 
peptide, another may well do so. In this way, Candida is able to grab on to a huge 
variety of peptides presented on the surface of a host tissue, seizing the opportunity to 
colonise and infect.
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MSCRAMM adhesins are already targets for anti-bacterial drugs and the Candida 
counterparts are potential targets for new anti-fungals. The structure of Als9-2 might 
inform the development of drug molecules which can occupy the peptide-binding site, 
thereby preventing Candida from sticking to its normal binding partners and so treating 
the infection. Surely there’s a drug company out there just itching to try it? 

Ref 1: Klotz SA et al. Degenerate peptide recognition by Candida albicans adhesins 
Als5p and Als1p. Infect Immun. 2004 72 2029-34.

 

Views

View 1: Structure of a bacterial MSCRAMM. The structure of ClfB from 
Staphylococcus aureus comprises two immunoglobulin-like domains (cyan and blue). 
The C-terminal region is shown in purple for the unbound form (PDB entry 4f24) and 
in red for the bound form (PDB entry 4f27). The bound substrate peptide in the latter 
structure is shown as a spacefilling model.
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View 2: Features of Als9-2. The structures of bacterial MSCRAMM (cyan; PDB entry 
4f24) and Candida Als9-2 (green; PDB entry 2y7n) are initially overlaid to show their 
similarity. The two immunoglobulin-like domains of Als9-2, N1 (light green) and N2 (dark 
green), are shown along with the helix (blue) and strand (orange) between the domains 
which are absent in the bacterial MSCRAMM.

 

View 3: Peptide binding in Als9-2. Like MSCRAMM, the C-terminal portion of Als9-2 
re-orients on binding (shown in purple and red). A substrate peptide (spacefilling model) 
binds to one side of a deep cavity formed by the face of the N2 domain and a loop from 
the N1 domain (shown in cyan). 
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View 4: Peptide-protein interactions. The substrate peptide in the binding cavity forms 
hydrogen bonds (white dashed lines) and hydrophobic interactions with the protein. The 
C-terminal carboxylate group of the peptide (labelled COO-) forms a salt bridge with 
lysine 59 at the end of the cavity. Protein colouring is as for the previous view.

 

View 5: Truncated Als9-2 binds its own C-terminal peptide. Als9-2 is shown as 
a green cartoon with the C-terminal region as balls and sticks with purple carbon 
atoms. An adjacent copy in the crystal lattice is shown as a surface representation. For 
comparison, the fibrinogen peptide is overlaid as balls and sticks with orange carbon 
atoms.
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