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Abstract

We propose the creation of a Biocomputational Platform for template-based protein-protein
docking that aims reduce computational time by clustering data before the rigid body alignment.
Using data from the Dockground project, models will be created using multiple clustering
methods that will annotated each protein into a class, such that when performing the match
search, not all of the databank needs to be inspected but just the class that resembles the most
to the studied protein. This will reduce the time that conformation matching requires without
incurring in lower precision.
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Resumen

Se propone la creaciéon de una Plataforma Biocomputacional para el acoplamiento de proteinas
que reduce el tiempo computacional al agrupar los datos previo al alineamiento de cuerpos
rigidos. Utilizando datos del proyecto Dockground, se crearan modelos usando multiples
meétodos de agrupacion que asignaran cada proteina a un grupo para que, al realizar la
busqueda de pares, no se realice una busqueda a fuerza bruta, sino una acotada. Esto reducira
el tiempo que requiere una conformacion en ser procesada sin perder precision.

Introduction

Proteins are macromolecules that serve as catalyst for virtually all the cell’s functions. In order to
perform these functions, proteins need to interact with each other to form functional complexes
[1]. Protein-protein docking (PPD) is an important area of study in molecular biology due to its
importance in fields like drug discovery or precision medicine. This process can be done in silico
or in vivo. The two general methods that exist for in silico PPD are de novo and template-based.
The latter technique is called template-based protein docking (TBPD).

TBPD consists in finding out if two proteins form a complex by matching them by homology in a
databank of complexes. If it is required to know if protein A and B can dock and form a functional
complex, they would be iteratively aligned to all the proteins P in the databank. These alignments
typically yield a score so that good matches can be selected. Finally, if protein A matches to a
part of a complex and B matches to the other part of the complex, then it is said that A and B
can dock [1].

In any case, the computational methods for docking proteins is very demanding on CPU
resources [2] [3].

We propose here a computational platform with interchangeable modules to utilize a different
set of descriptors, namely 3D geometrical descriptors [4] [5] to cluster, classify and validate
TBPD in order to improve overall response time. The platform will use annotated data from the
Dockground project [6] (full structure docking templates v1.1 databank) and run in the PRIS-Lab
supercomputer TARA [7].
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Related Work

The use of clustering techniques for PPD is not a something new. There are numerous studies
regarding this topic.

The Critical Assessment of Predicted Interactions (CAPRI) [8] is a community-wide experiment to
measure the capabilities of protein-docking methods. In this experiment several teams try their
algorithms to assess which is the best one for the task at hand. In 2005, most of the methods,
13 out of 20, used some sort of clustering technique in one point or another of their workflow [9].

By far the most common use for clustering is to discard decoys [10] [2] [11] [12] [13] [14]
[15] [16]. Despite this extensive use of clustering, as far as this study goes, the importance of
computational time has been relegated to a second plane of importance. We did not find any
study that uses clustering to generate models prior to the mass comparison of each template
candidate rigid body, in order to speed up the overall process.

Methodology and Experiments
The platform will consist of several components. ltems can be added to these components

e A setof paired template candidates TC = {(tc00, tc01), (tc10, tc11), ..., (ten0, ten1)}  that form
a functional complex.

e A set of 3D geometrical feature extraction methods F= {fe0.fel, ....fen} that will generate
the features to be used in the clustering of the Dockground databank. Features like
protein area, protein volume, protein circularity, 3D Zerkine descriptor for the protein
(Daberdaku & Ferrari, 2018) and the 3 PCA components of the protein (en R3 solo hay 3
PCA components) will be used.

e A set of clustering methods C= {00,01, ---,Cn} that will form groups based on the 3D
features. All the candidates TC will be clustered with each method in order to generate
groups. Clustering methods like k-means, x-means, OPTICS and BIRCH will be used.

* A set of classification methods K = {ko,ki,....kn} with which new proteins will be matched
with subgroups in order to reduce run time. For starters the classifications methods to be
used are SVM, k-nearest neighbors and LDA.

Each component of a set can be used interchangeably so that if for instance cO does a better
job than ¢3, the user or programmer can choose which one to use. A parallel and distributed
implementation of the platform will be done so that multiple methods can be run simultaneously,
since the process of each Fe, C, K, alignment and low-resolution docking by GRAMM don’t have
any kind of data dependency.

Each stage can be run by a pool of process or threads in TARA.

The Platform will have at least two modes of operation: databank clustering and docking
prediction.

For the docking prediction, the normal workflow would be as follows
e (Obtain the PDB files for the 2 proteins that want to be docked, pO and p1.

e Choose one or more of the already clustered databanks generated with the features Fe
extracted from TC using C methods.

e Using the groups generated in the previous step, choose one or more classification
methods to find the best match for pO and p1 in TC. The similarity of the match will be
measured with TM-align (Zhang & Skolnick, 2005).
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e The Platform shows, ordered by TM-align, the list of template candidates and the
visualization of both the templates and p0O and p1.

For the databank clustering, the procedure would be
e (Choose one of the clustering methods C.

e Select which databank to use, initially Dockground will be used. This databank will be split,
first, in two sets for work and validation, and then the training set will be split in three, for
training, testing and confirmation.

e Choose which 3D features from F will be used to perform the clustering.

e The Platform shows the results of the clustering and performs validation using a 10-fold
cross-validation against the already annotated entries of the validation set from Dockground.

e [f the user is satisfied with the results, the models will be saved as annotated data for
e classification, for future use in the docking prediction.

Aside from the automatization of the process of protein docking, run-time tests as well as a
comparison of the docking solutions will be performed to ensure that the Platform behaves well
against the current methods for TBPD, in particular using TM-align [17] and GRAMM-X [18]. The
Platform’s parallel implementation will ensure at least a higher throughput of data.

From an algorithmic point of view, this process can be seen as several time functions, all
dependent on the size of the protein databank n. T(n) where n is the size of the protein databank.
These functions can be seen in equationa 1, 2 and 3

TMM=%{ELH@+E;MD)

Equation 1. Time function of normal TBPD process, where /(i) is the time taken to transform a PDB into a low-
resolution representation and a(i) is the time taken to align a protein to another one in the databank.

T, (n)=2x
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P

Equation 2. Time function of normal TBPD method proposed here, after the databank has been annotated with
clustering. Here P is the size of the largest cluster, Ir(i) is the time taken to transform a PDB into a low-resolution
representation and a(i) is the time taken to align a protein to another one in the databank.

r0=(1, e+ 30+ 3 k0

Equation 3. Time function for the clustering of the protein databank. Here fe(i) refers to the time taken by one of the
feature extraction methods, c(i) is the take by a clustering method and k(i) the time taken by a classification method

Expected Results

We expect that this study shows that run-times can be lowered if annotated data from clustering
is used prior to the rigid body docking. The clustering model creation time can be significative
but since this is a task that will be performed few times, it is negligible in the overall picture. We
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don’t expect that the docking of one particular pair of proteins will be faster than using TM-align
and GRAMM-X but using our system for batch process large amounts of proteins will give much
better response times than others. This means that Equation 1 might not take much more time
than Equation 2, but after performing an amortized time analysis, the response-time will be much
lower.
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