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Abstract. A protein’s environment may affect its secondary structure. In this study,
the focus is on homodimers with symmetric β-sheet interfaces resulting from the conversion of coil sequences into β-strands. All homodimers in the Protein Data Bank
relying on those chameleon sequences have been identified. Initial analysis based on
sequential and structural features has revealed that many of those dimers display specific properties which could contribute to their detection. Such result is important
since it could provide some insight on dimerisation and possibly aggregation mechanisms.
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1. Introduction
A protein consists of a chain of amino acids which generally folds spontaneously
into a unique three-dimensional conformation corresponding to its global energy minimum [1]. Failure of adopting that structure may lead to loss of function and even
harmful effects [6]. As winners of the Paracelsus challenge [18] have shown, a limited
number of mutations can dramatically change a protein conformation: a protein which
adopts a four helix conformation was designed while retaining 50% identity of a predominantly β-sheet protein [5]. Similarly, it was demonstrated that mutation of a single amino acid could be sufficient to convert a β-strand into an α-helix [23]. In addition to mutations, a protein’s environment may also affect its secondary structure. For
example, it has been shown that the prion protein, PrP C, changes its conformation and
forms aggregates when interacting with one of its isoforms PrP SC [17]. Those β-sheet
aggregates are called amyloid fibrils [4] and have been linked to several human diseases including Alzheimer’s, Parkinson’s and Creutzfeldt–Jakob’s [7].
This study investigates secondary structure alteration resulting from homodimerisation. More specifically, it focuses on coil sequences forming symmetric intermolecadfa, p. 1, 2011.
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ular β-strand interfaces. Following exhaustive search in the Protein Data Bank [3],
properties of those ‘chameleon’ fragments were analysed. This led to the identification of specific features which should contribute to their detection and provide some
insight on dimerisation and possibly aggregation mechanisms.

2. Methodology
Since very few proteins displaying that ‘chameleon’ property have been reported in
the literature, with the notable exception of the Met-repressor like family, where all
members share a similar ribbon-helix-helix structure that forms a homodimer interface by conversion of their ribbon into a β-strand [9], see figure 1, an exhaustive
search was conducting using the Protein Data Bank [3]. This was performed according to the following process.

Fig. 1: Met-repressor like family interface (PDB 2P24): this symmetric interface is
formed by the interaction of a ribbon-helix-helix pattern (RHH) from each chain. In
the process, RHH converts to the β-strand-helix-helix pattern.
Firstly, the whole PDB was filtered to remove entries that don’t contain two identical protein chains. Models with sequences with more than 30% identity were also
discarded so that the set did not contain homologous proteins.
Secondly, homodimers interacting through at least an interface composed of a βsheet were identified. This was performed by detecting the presence of amino acids
belonging to β-strands from different chains whose C-alphas are within 5Å from each
other, i.e. the interaction distance used by the CAPRI community-wide experiment
(Critical Assessment of Prediction of Interactions) [10] which corresponds to the distance between two carbons alpha in a hydrogen bond.
Thirdly, for each remaining homodimer interacting through a β-sheet, information
available in the ‘SHEET’ field of the PDB file was extracted to collect the interacting
β-strand sequences, their nature, i.e. parallel or anti-parallel, and the number of
strands forming the sheet involved in the interface. All anti-parallel interfaces of homodimers were then classified into two categories: the ‘chameleon’ interfaces, which
are formed of exactly two β-strands each of them belonging to a different chain, i.e.

the corresponding fragments would have a coil structure in the monomer form, and
the ‘standard’ interfaces, which are formed of a β-sheet composed of at least four βstrands where each chain provides at least two β-strands, i.e. the corresponding fragments would already belong to a β-sheet in the monomer form. Although the existence of ‘hybrid’ interfaces, i.e. formed by one strand from one chain and two or more
strands from the other chain, was also detected, they were not considered further in
this study since their mixed environment would not be useful in identifying discriminative properties of chameleon fragments.
Finally, since analysis of the nature of the remaining interaction strands revealed
that 90% of ‘chameleon’ interfaces are anti-parallel, and, among them, 70% are symmetric, it was decided to focus this study on those interfaces. In this work, a β-sheet
interface was classified as symmetric, if both strands have the same amino acid sequence. Eventually, this process produced a dataset of 249 anti-parallel symmetric
homodimer interfaces from non-homologous proteins: it comprises 80 ‘chameleon’
and 169 ‘standard’ interfaces.

Fig. 2: Example of homodimers displaying symmetric anti-parallel ‘chameleon’ interfaces

To analyse differences between chameleon and standard fragments, a set of properties was calculated for the two classes of interfaces under consideration. Firstly, since
many protein interfaces (~1/3) display a recognizable hydrophobic core [13], hydrophobicity of those protein interfaces was estimated. This was performed by calculating the grand average of hydropathy (GRAVY) value [11].
For each strand Si of length ni, its GRAVY values, Gi, is defined as:
Gi = (Σj Hij ) / ni

(1)

where Hij is the hydropathy value of amino acid j in the strand Si .
Secondly, given that β-sheets are created by interaction of β-strands through backbone hydrogen bonds, interface hydrogen bond propensity may be informative about
interface type. Using the structural information associated to each homodimer in its
PDB file, all hydrogen bonds were retrieved from each β-sheet interface using the
RING software with a 3.5Å threshold and the ‘Closest’ and ‘Multiple’ parameters, so
that all atoms and multiple interactions are considered per residue pair, respectively
[15].
Since a backbone residue can form up to 2 hydrogen bonds with an adjacent strand,
for each strand Si of length ni, its hydrogen bond propensity, HBi, is defined as:
HBi = (Σj Bij ) / 2ni

(2)

where Bij is the number of backbone hydrogen bonds formed by amino acid j in the
strand Si .
Thirdly, as experiments have shown that stability of antiparallel β-sheets is affected
by their length [19], average strand length was calculated for each set. Finally, propensities of all amino acids were calculated.

Chameleon interfaces

Standard interfaces

Average hydrophobicity

0.59

0.52

Average hydrogen bond propensity

0.43

0.42

Average strand length

5.0

7.9

Table 1: Average hydrophobicity, hydrogen bond propensity and strand length of chameleon
and standard interfaces

Fig. 3: Amino acid propensities of chameleon and standard interfaces

While Table 1 presents average hydrophobicity, hydrogen bond propensity and
strand length of chameleon and standard anti-parallel homodimer β-sheet interfaces,
Figure 3 show their amino acid propensities. One observes that neither average hydrophobicity nor average hydrogen bond propensity is affected by the interface type.
On the other hand, chameleon interfaces are much shorter than standard interfaces
which are three residues longer in average. Moreover, there are significant differences
in their amino acid propensity profiles in particular for aromatic and charged amino
acids.
To explore combinations of features whish may allow discriminating chameleon
fragments, unsupervised clustering was performed using different sets of features.
More specifically, data were processed using a general purpose clustering tool,
CLUTO [16], which has been used in a variety of bioinformatics applications [8], [2],
[14], [12]. In order to give each feature equal weight, a normalization process is applied. For each feature F, its values, Fi, are normalised between 1 and -1 [20] as:
Fi_normalised = 2 (Fi – Fmin ) / (Fmax – Fmin ) – 1

(3)

where Fmax and Fmin represent the maximum and minimum values of the feature F.
Using hierarchical partitional clustering, CLUTO produces a binary tree representing similarities between interface profiles and identifies specific clusters within the
tree. Note that the quality of each cluster is estimated by its internal similarity (ISim),
i.e. the average similarity between the interfaces of the cluster, and its external similarity (ESim), i.e. the average similarity between the interfaces of the cluster and all
the other interfaces. The “ideal” cluster would have: ISim=1.0 and ESim=0.0.

In addition, CLUTO displays feature values for each interface using a colour palette:
shades of green and red indicate feature values between -1 and 1 respectively.

3. Results
Informed by results presented in Table 1 and Figure 3, all interfaces of interest
were clustered using CLUTO and a combination of features including length,
hydrophobicity, proline, aromatic (without histidine) and charged amino acid
propensities. Figure 4 shows the most disciminative clusters produced using subsets
of those properties.

Fig. 4: Good quality interface clusters created by CLUTO according to different sets of properties. The prefix added to PDB ids specifies if an interface is chameleon, “c”, or, standard, “s”.

Based on length, hydrophobicity and proline propensity, an homogeneous cluster
of relatively good quality allows to discriminate 23 “standard” interfaces, see Figure
4.a. All those interfaces display a high length, low proline propensity and relatively
average hydrophobicity. Usage of length, proline and non charged aromatic amino
acids (Phe, Trp and Tyr) reveals two good quality clusters, see Figure 4.b, populated
mainly of “chameleon” interfaces – 12 “chameleon” and only 3 “standard”: both are
composed of short interfaces, but one has a high proline propensity, see Figure 5,
while the other one has a high aromatic propensity, see Figure 6.

Fig. 5: Example of chameleon interface involving a proline.

Fig. 6: Example of chameleon interface suppoted by pi-pi interactions between
aromatic amino acids.
Interstingly, if length is substituted by hydrophobicity, the high proline propensity
group is reduced from 12 to 7 members, but is only composed of “chameleon”
proteins, see Figure 4.c. Note that among the only 3 “standard” interfaces with high
proline content classifed in a largely chameleon cluster, one of them, PDB id 1C8B,
displays a sheet structure which is “almost” chamelon, since the non interface strands
are much shorter than the interface ones, See Figure 7.

Fig. 7: “Standard” interfaces where non interface strands are much shorter than the interface
ones.

Since usage of strand length proved useful to produce the clusters shown on Figure
4.a and 4.b, it was also used as sole feature to discriminate between chameleon and
standard interfaces: whereas among interfaces based on strands of length 3 amino
acids, 91% of them, i.e. 30, are chameleon, all strands of size 10 or more form standard interfaces, i.e. 48.
This initial analysis of chameleon interfaces has revealed that a many of those
chameleon dimers (45%) display properties, i.e. short length, high aromatic or proline
propensity, allowing to discriminate them from standard ones. Moreover, this study
suggests that there are unlikely to form long β-strands since none of them was composed of 10 or more residues. There is no doubt that more advanced machine learning
approaches, such as support vector machines, neuron networks and decision trees [21,
22], would allow to combine the identified features and others to further characterise
chameleon interfaces. Since, many chameleon fragments have been associated to
human diseases through aggregation [4,7,17], the ability to detect a specific class of
chameleon fragments, i.e. those able to form symmetric homodimer β-sheet interfaces, should contribute, not only, to a better insight about homodimerisation, but also in
aggregation mechanisms.

4. Conclusion
This study has identified in the Protein Data Bank all symmetric homodimers relying on β-sheet interfaces involving the conversion of coil sequences into β-strands.
Initial comparison with standard intermolecular β-strand interfaces has revealed that
many of those chameleon dimers display specific properties which should contribute
to their detection. When possible, this could provide some insight on homodimerisation and possibly aggregation mechanisms.
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