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Abstract- The use of computational methods to elucidate the 
ligand-protein binding mechanisms is of utmost importance 
for the pharmaceutical industry. PELE (Protein Energy 
Landscape Exploration) software has proved to have good 
predictive power. We want to further improve it by changing 
its conformational sampling step. 
 

I. INTRODUCTION 
   Pharmaceutical industry invested more than $1.2 billion per 
each new developed drug in 2009 [1]. The accurate simulation 
of the interactions between drugs and their targets using 
computational chemistry methods would help companies to 
improve their productivity in drug development as well as 
decreasing its associated costs. 
A good characterization of the conformational space of 
biomolecules is a key part of these methods. Unfortunately, 
due to the huge number of degrees of freedom studied systems 
usually have, this sampling cannot be exhaustive. 
 

II. PELE 
   PELE's primary application is to unveil the mechanism of 
protein-ligand interactions [2, 3], and it is currently being 
extended to handle other types of biopolymers. It implements 
a Monte Carlo scheme, with two main steps: perturbation and 
relaxation (see Fig. 1). 
In the perturbation step the current protein conformation is 
changed to a new one by applying a linear combination of its 
Anisotropic Network Model (ANM) modes. After this, the 
ligand is rotated and translated to a new position, and its 
conformation is changed if needed. 
During the relaxation step, the side chains with higher 
potential energies are changed using a rotamer library [4]. A 
modified Truncated Newton algorithm is then used in order to 
further lower the energy of the system. Finally, in the 
Metropolis acceptance step, the Boltzmann probability of the 
new state will be calculated. Depending on it, it will be 
accepted and used as the initial conformation of the next step, 
or it will be rejected and discarded. 
In recent works, PELE has been successfully used to solve 
problems beyond protein ligand docking [5, 6] like the 
analysis of mutational effects on ligand delivery [7] or the 
description of ligand kinetics at only a percent of the 
computational cost that other more consolidated methods like 
MD have [8]. 
 

 
Fig. 1: PELE implements an iterative Monte Carlo scheme with two main 

steps: perturbation and relaxation. 
 

III. CONFORMATIONAL EXPLORATION IN PELE 
 

ANM using Cartesian coordinates 
   In the ANM methodology, the protein is simplified to an 
elastic network where each atom (or coarse grain unit) 
becomes a node. PELE uses an alpha-carbon based coarse 
grain model. Once the elastic network has been defined, the 
Hessian (H) is calculated and the eigenvalues (V) and 
eigenvectors (Λ) resulting from solving (1) will be used to 
generate the new conformation. In order to do this, a subset of 
the eigenvectors are chosen (either randomly or user-defined) 
and a linear combination of them is calculated. The resultant 
vectors will define a set of target coordinates, the 
conformation proposal. The next conformation is calculated by 
adding harmonic constraints between the initial alpha carbon 
positions and the target ones and minimizing. 

HV = VΛ. (1) 
    
   Yet being a simplification, the predicting capabilities of 
ANM have been demonstrated beyond doubt [9, 10]. 
However, there is still room for improvement when it comes 
to its application. For example, ANM suffers from the so-
called 'tip effect', that can potentially nullify the modes in 
structured regions. In addition, implementations based on 
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linear interpolations in the mode direction can generate non-
physical deformations that must be corrected by minimizing 
the system. Also, our use of the ANM methodology in PELE 
has shown to have some limitations when it comes to produce 
medium range deformations in structured regions or to 
perform folding/unfolding events. 
Minimization bias 
The extensive use of energy minimization (twice if using the 
current ANM scheme) entails the risk of biasing the sampling 
process to near minimum zones. This would trap the 
exploration in a way that regions of the conformational space 
that must be accessible can become unreachable. 
ANM using dihedral angles 
Cartesian coordinates (CC) are the usual choice to use the 
ANM, especially because of its simplicity. A less common 
option is to use the internal coordinates (IC) of the protein, 
more specifically the backbone dihedral angles.  
The coarse grain model is composed of units delimited by the 
φ, ψ torsion angles; the elastic network is defined similarly to 
the CC ANM. The Hessian (H) and Kinetic (K) matrices are 
calculated differently [11, 12], and the modes, obtained by 
solving (2), will represent infinitesimal dihedral rotations 
equivalent to their Cartesian counterparts. New angular 
increments are calculated and applied using standard 
transformation matrices [13]. 
 

HV = VKΛ. (2) 
 
Our hypothesis is that this new methodology will be able to 
overcome some of the problems stated above: there is no need 
to use a minimization to generate the next conformation, 
which is computationally more efficient and diminishes the 
minimization bias. Moreover, we expect that the use of 
curvilinear displacements can produce broader deformations 
and reproduce folding events. 
This approach has already been implemented in PELE and it is 
currently being thoroughly tested.  
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