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Simplifying spatially complicated problems in the
field of drug design, pharmacology and 3D mo-
lecular modelling is becoming very important,
owing to the rapid increase in genomic and sfruc-
tural database sizes. The computational load is
immense, and novel innovative approaches are
sought, in order fo perform comprehensive struc-
tural studies and 3D searches at only a fraction of
the original time required (Gerld et al., 2011).
Protein docking (PD) and protein-protein inter-
actions (PPI) are two of the most rapidly emerging
fields in modern structural bioinformatics. Many
studies attempt to justify biological activity and
function of small molecules, macromolecules or
even molecular complexes using PD and PPI. For
example, the maijority of the information we have
about the molecular processes that take place
in the nucleus or the cytoplasm, and affect DNA
replication, has been acquired by fast algorithms
and machine-leaming approaches that investi-
gate protein-protein interactions. Molecular dy-
namics, genetic and epigenetic networks, sys-
fems biology, molecular biology and many other
related disciplines use PD and PPl as key research
fools. Many databases have been developed in

this direction: e.g., the MIPS mammalian protein-
protein database, the eF-site molecular surface
database, the STRING database of functional pro-
tein association networks, BioGRID, VASP, PESDserv
and many more (Pagel ef al., 2005; Kinoshita and
Nakamura, 2003; Szklarczyk et al., 2011; Stark et
al., 2011; Chen and Honig, 2010; Das et al., 2010).
However, the limitation is that these approaches
are modelled simulations using graph-theoretical
methods, whose sensitivity and specificity is not
always trustworthy. Eventually, human input and
insight is required, as the application of current
algorithms to all available data is impossible ow-
ing fo hardware- and time- limitations.

Here, we present a novel strategy to perform
similarity searches and molecular docking ex-
periments using protein molecular surfaces. Our
approach starts by calculating a series of dis-
finct molecular surfaces for each protein, which
are subsequently flattened out, thus reducing
3D information to 2D. Multiple surfaces may
be combined to establish 2D Molecular Profile
Fingerprints (2DMPFs) unique for each protein.
2DMPFs sfill retain the original 3D structural infor-
mation of each protein, and may be analyzed
via image-processing and pattem-recognition
techniques using sliding windows and similarity-
scoring functions. Finally, using fast Fourier frans-
formation algorithms we can move from 2D im-
age data to 1D graph lines, which are unique to
each protein and can be used as fingerprints for
similarity searches.

The 3D shape, size and surface information of
a protein can be depicted using molecular sur-
faces (Nimrod et al.,, 2009). There are many differ-
ent types of molecular surface, the commonest
being electrostatic, pocket, lipophilic, b-factor
and secondary-element surfaces (Binkowski and
Joachimiak, 2008; Yin et al., 2009; Scel et al.,
2008, Brylinski and Skolnick, 2010). The first task of
our approach will be to calculate a set of fine-
grid surfaces of each protein structure available
in the RCSB Protein Data Bank (Rose et al., 2011).
Then the projection of the protein surfaces from
3D to 2D representation will begin by mapping
the molecular surfaces into spherical surfaces of
radius proportional to the size of the protein. The
resolution block (pixel) is associated with a physi-
cal size, and thus has a fixed size for all spheri-
cal surfaces. For this step, we will use the SPHAR-
MAT package (Shen and Makedon, 2006). The
second step consists of projecting the spherical
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Figure 1. A schematic representation of our proposed approach. (A) The 2D protein profile fingerprint approach. The multiple
surface overlapping principle, where various molecular surfaces are combined in a multiple-layer 2D image. (B) The 2D im-
age sliding-surface pattern recognition of either matching or complementary regions. (C) Using fast Fourier fransformations
we can convert a 2D image to a 1D graph for even faster and more efficient pattem-recognition performance.
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surfaces info flat patches along common sym-
metry axes of the proteins. For this step, we will
use the HEALPix package (Gorski et al., 2005). The
flat patches will then be the input objects for the
measurement of correlations and the search of
patterns among proteins. Here, multiple surfaces
are being combined (Fig. 1A) and sliding 2D tech-
niques are used for pattern recognition (Fig. 1B).

The actual scanning and filtering of the 2D
data for similarity or shape/size complementary
patterns will fake place in the final step of the al-
gorithm. At this stage, a correlation will be made
between the results of the 2D scanning and the
biological question. Multiple surfaces will have
fo be combined using pattern-recognition 2D
sliding methodologies. The ultimate objective of
our approach is to enable users to explore the
computationally demanding 3D conformational
space of biomolecular structures using 2D or
even 1D data, which will speed up the compu-
tational process by reducing data load, without
any compromise in protein information. The 1D
fingerprint of our 2D images will be obtained by
computing the 2-point correlation function of the
Fourier transformed 2D images, which still cor-
relate to the original 3D structure. Rather than
exploring all the 3D conformational space of
large protein structures when performing dock-
ing experiments, our approach will be capable
of comparing the 2D image fingerprints or 1D
Fourier fransformed graphs (Fig. 1C) of the given
structures, and in a fraction of the original time,
refurning results that still contain the original 3D
structural information.

Multiple studies have been conducted using
various correlation measures to identify pattermns
in 2D data (Xiong and Zhang, 2010). While work-
ing well for small datasets, the heterogeneity in-
froduced from increased sample size inevitably
reduces the sensitivity and specificity of those
approaches. For this reason, we propose a mo-
del-based, pattern-recognition algorithm built
under a partition-model framework, which is ro-
bust against sporadic outliers. Specifically, we as-
sume that each 2D protein profile fingerprint can
be presented by an MxN data matrix, where M is
the total number of the vertical image resolution
blocks and N is the total number of the horizontal
ones. 2D data resolution values are categorised
based on their individual value range in a scale
of [-¢, €]: g is a positive infeger empirically derived
by simulated data to account for data variability.

For each pair of 2D protein fingerprints, we de-
fine the difference matrix Z = {z, i=1, ..., M and
j=1, ... N} In this context, zij coresponds fo the
difference of the values in the corresponding (i)
cell of the pair of 2D data-files, and z, = O if cat-
egorical values of the (i,j) cells are identical. The
window could slide towards both horizontal and
vertical directions, resulting in multiple similarity
estimates at each pairwise comparison. The op-
fimal window size will be estimated by minimis-
ing the Bayesian Information Criterion (BIC) of the
suggested 2-way partition model (Denison et al.,
2002). Nested partition models will be also con-
sidered. We believe that the multiple overlap-
ping windows solution will allow us to zoom in on
the 2D data in a time-inexpensive way, weight
their similarities and complementarities by aver-
aging over different neighbbourhoods of the data
or across data matrices, and also estimate their
variability errors. Special care should be given to
models’ sensitivity to the categorisation scheme
and estimation of optimal window size. The sug-
gested approach will be compared with colour
similarity metrics along with standard clustering
techniques.

In conclusion, our approach introduces a
novel fechnique for searching, evaluating and
scoring pattemn similarities between a given set
of molecular surfaces. Upon calculation of a
variety of diverse surface types for each protein,
all 3D structural information is converted into a
combined, multi-layer 2D image, which can be
further simplified to 1D data via Fourier transfor-
mation. In this way, we optimise and speed up
the time- and CPU-demanding 3D conforma-
fional searching, by faster more versatile 2D or
1D datasets, without compromising 3D structural
information.
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