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Different families of AF protein predictors implemented in ProtDCal and TI2BioP

Compositional features (0D). The classic example of this family of protein features

are the amino acid composition frequencies of a protein. ProtDCal generalizes these
frequencies into a variety of features through the application of invariant-aggregation
operators (1AO). The iAO can be applied to the entire protein or to groups of residues
selected according to their properties, i.e. residues which are polar, hydrophobic,
aromatic, etc. The iAO constitute norms, central-tendency, dispersion and information-
theoretic measures, which do not depend on the ordering of residues within the group.

Linear-topology-based features (1D). This family comprises protein descriptors

considering information from the ordering of residues in the protein. The most common
examples of this type of features are the Pseudo-Amino acid Composition indices
introduced by Chou et a/ and implemented in their server PseAAC [1]. ProtDCal allows
the generation of this type of feature by extending topological operators, traditionally
applied to compute molecular descriptors for small and mid-sized organic molecules [2],
to the analysis of proteins. Examples of these operators include the Electrotopological
State [3], the Kier-Hall connectivity indices [4] and the Moreau-Broto autocorrelation
[5]. Such operators are used to modify the intrinsic value of an index for a given residue
according to its neighbours at a given topological distance (sequence separation).

Pseudo-fold-based features (2D). 2D protein AF descriptors were estimated by

applying the graph-theory to 2D artificial representations of DNA and protein sequences,
i.e. Nandy or Cartesian representation [6, 7], and Four-Colour maps [8, 9], in analogy to
topological descriptors (spectral moments) defined by Estrada for small-sized organic

molecules [10]. TI2BioP considers the “building blocks” of DNA/RNA and protein



biopolymers as nodes and the bonds between them as edges in 2D graphs. The
information contained in a biopolymer chain is simplified in the topology of a 2D graph
that is determined by the sequence order and the nucleotide/amino acid composition of
the biopolymer. Thus, the information encoded by the spectral moments will largely
depend on the representation used to compute the descriptors. These pseudo-folding 2D
descriptors have been used successfully to detect distant similarities among sequences
with low homology level [9, 11]. However, the general applicability of these descriptors
are affected by the arbitrary nature of the assumed topology; while a given artificial
structure may be relevant to model a specific problem, this same structure may not be
useful in another problem. The most significant relevancy of this family is that, whenever
one is capable of defining a meaningful topology for amino acid sequences, it is then
possible to compute features directly from the sequences but including further
information content not encoded by a simple linear topology.

Structure-based features (3D). In general, 3D-structure features arise from various

theoretical underpinnings, including polymer-based descriptors such as the gyration
radius, the end-to-end distance, solvent-accessible surface area, and the Estrada’s folding
degree [12, 13]. In addition, there are a number of contact-based descriptors that were
introduced in order to describe the relationship between the folding-rate constant and the
native protein structure, e.g. the Contact Order [14], Long Range Order [15], and Total
Contact Distance [16], etc. A third family of descriptors comes from applying concepts
of Graph Theory [17] for defining descriptors of the protein topology. Such features use
inter-residue contacts to define new edges in the topological graph, thus obtaining a
description of the 3D structure. Some examples of graph-based descriptors are the
average degree, average clustering coefficient, average path length, etc. [18]. In addition,

graph-derived features have been introduced by Gonzalez-Diaz et al., which extended



algebraic topological (2D) descriptors, based on spectral moments, by applying 2D
projections of the protein 3D structure [19-22]. All together, these 3D features lead to
only a few hundred descriptors, which is contradictory with the complexity and size of
protein 3D structures when one considers the hundreds of thousands of descriptors
defined for small and mid-sized organic molecules, as summarized in the Handbook of
Molecular Descriptors [2], which ranges in the order of hundreds of thousands. ProtDCal
was introduced as an attempt to address this shortfall through its capability to generate
thousands of 3D structural descriptors for a given protein. ProtDCal implements the
above-mentioned contact-based descriptors with proven relationship to the folding kinetic
and stability parameters (see Table S3 in Additional file 2). In addition, the program
introduces thermodynamic features derived from a coarse-grained model developed to
estimate the most relevant free-energy contributions to protein folding stability [23-25]

and the folding rate constant [26].
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