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NEQUIM Contact System (NCS) is a system that generates and analyzes interaction vectors of protein-
ligand complexes. Core features include multiple views of vectors, multiple selection options, cluster 

analysis, and the generation of interaction vector models. The input could be from a PDB format or les generated by automatic 
docking software AutoDock, Vina, or Surex. Availability: The NCS is available free of charge from the SourceForge website 
https://sourceforge.net/projects/nequimcontacts  
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INTRODUCTION 
Biological processes rely on intermolecular interactions 
between biomolecules and their receptors, which are crucial 
pharmacological investigations of diseases. These 
interactions can be studied through experimental methods or 
by analyzing three-dimensional structures obtained via X-ray 
or NMR techniques. Various software tools exist for analyzing 
protein-ligand complexes, such as HBPlus (McDonald et al., 
1994) and LPC (Sobolev et al., 1999), but they often lack user-
friendly interfaces. Tools like FingerPrintLib (Desaphy et al., 
2013) and SIFt (Deng et al., 2004) utilize interaction 
ngerprints for analysis, but SIFt is not widely distributed, and 
FingerPrintLib functions as a plugin for PyMol.

The NEQUIM Contact System (NCS) was developed to 
efciently process extensive datasets from docking programs. 
It identies intermolecular contacts and generates interaction 
ngerprints that can be manipulated and compared through 
an interactive interface.

Implementation
NCS is a stand-alone application implemented in FreePascal 
and distributed for the Linux platform. It provides a graphical 
interface for analyzing intermolecular interactions among 
ligands and their biological targets. NCS uses LPC as a 
contact engine program that calculates the intermolecular 
contacts from standard three-dimensional structure PDB les. 
The external programs ClustalW (Larkin et al., 2001) and 
Cluster2.9 are used for sequence alignment and cluster 
analysis, respectively.

Input and Output Data
NCS works with three-dimensional structures of protein-
ligand complexes in PDB format or from output les generated 
by AutoDock4 (Morris et al., 2009), Vina (Eberhardt et al., 2021) 
or Surex (Jain et al., 2003) docking programs. NCS can also 
upload data produced by AutoDock, Vina, or Surex docking 
programs. The complete analysis can be stored and retrieved 
in NCS standard format (ncs extension) or plotted in PNG 
graphical format. Additionally, the vectors can be imported or 
exported in bitstring format. The models produced by 
analyzing multiple complexes (see Contact Models section), 
which can be used for similarity analyses and ranking of 
different complexes, are stored in NCS Model format (mncs 
extension).

Interaction vectors

The vectors can be handled quickly, even in large quantities, 
and submitted to clustering or other analyses, such as score 
analysis. The intermolecular contacts in the ligand-receptor 
complex are computed using the LPC program and translated 
into a binary vector where the interactions of each amino acid 
residue of the sequence are encoded in a six-bit long string. 
The six bits correspond to i. existence of contact; ii. contact 
with side chain; iii. hydrogen bonding contact; iv. hydrophobic 
contact; v. aromatic contact; and vi. destabilizing contact. The 
classication of contacts is based on Sobolev (Sobolev et al., 
1999) atom types (classes) and the distance between 
interacting atoms.

Sequence alignment
To compare the binding mode of ligands with different 
proteins, it is necessary to make the previous alignment of the 
sequences. The goal of aligning sequences is to identify the 
best correlation among amino acid residues of each 
sequence. The sequence alignment allows a more accurate 
comparison among the ngerprints as they will be compared 
to equivalent positions of the sequences. NCS calls the 
external program ClustalW to make the multiple sequence 
alignment. After aligning sequences, NCS automatically 
realigns the interaction vectors, lling the gaps with zeros.

Similarity calculations
After the sequence alignment, NCS compares the entire vector 
set (all-against-all), and the similarity of each pair of vectors is 
calculated using the Tanimoto coefcient Equation (1). The 
Tanimoto index is calculated by considering the size of the 
vectors A (N ) and B (N ), i.e., the sum of the bits turned on for A B

each vector and the sum of the bits in common to vectors A and 
B (N ):AB

                   (1)

The Frequency Model (see the section Interaction vector 
Models) is a vector dened by Equation (2), where F1, F2, …, F  N

are the vectors 1, 2, …, N, and N is the number of vectors 
analyzed. The model is essential for analyzing individual 
interaction vectors and evaluating their similarity to the entire 
dataset.
                                                                 (2)

When comparing the interaction vector of an individual 
complex with a model generated from multiple vectors, we 
also implemented a Score based on the Frequency Model 
(SFM), dened by Equation (3). This score quantitatively 
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measures the similarity between the individual complex and 
the model. In this equation, bit(i) is the value of the bit ith of the 
complex, and FM(i) is the frequency of bit i in the Frequency 
Model. The SFM score can be used to rank and compare 
different complexes based on their similarity to the model:

                                                                       (3)

Clustering
After generating the similarity matrix, the interaction vectors 
are clustered by the program Cluster2.9. This cluster analysis 
is done automatically by NCS and can be easily redone after 
manipulating (adding or removing) the vector set under study. 
The clustering results generate a phylogenetic tree, presented 
at the graphical interface along with the aligned sequences 
and the vectors.

Interface
The graphical interface of NCS provides options for creating, 
manipulating, and analyzing interaction vectors (Figure 1). 
The Menu has options to read or save the analyses (Menu 
File), to make selections (Menu Select), to change the view 
(Menu View), and to perform calculations (Menu Run). The 
selection options allow the user to select up to ve groups. 
These groups can be manipulated separately or highlighted 
with different colors. The options include adding or removing 
individual complexes, generating a model from multiple 
selections of complexes, or saving them as a new project. The 
view options include the choice of background color for each 
selected group, coloring the bits according to interaction type, 
and the alignment sequence color. These colored bits of the 
interaction permit specic interactions to be highlighted and 
help understand the importance of these interactions in 
particular systems. There are three alignment sequence color 
modes: highlight the residues that contact the ligand, 
highlight the muted residues, and the ClustalW scheme.

Interaction vector Models
Most bioactive compounds trigger a specic response and 
should have specic contact with their biological targets. The 
idea behind the structure-based virtual screening is that it 
would be possible to discriminate between active and inactive 
compounds by carefully analyzing the contacts between the 
molecule and its biological target.

Figure 1 – NEQUIM Contact System (NCS) Interface. The NCS 
provides several options for selection, coloring, calculations, 
manipulations, and display to facilitate the analysis of a large 
set of interaction vectors.

From a set of three-dimensional structures that include some 

active compounds bound to the same or similar proteins, NCS 
can represent the contacts between the entire set of ligands 
and receptor(s). This model can be used as a reference for 
ltering structures obtained by docking or to better 
understand the interactions associated with recognizing and 
binding a specic ligand with its biological receptor. The 
models generated by the NCS are based on the frequency of 
bits within the vectors utilized for model creation. This model 
illustrates the occurrence rate of specic interactions within 
the chosen set of three-dimensional structures.

Analyzing a specic complex vector against a model can 
determine if a ligand's binding mode aligns with established 
modes for that protein. Different ligand binding modes are 
linked to specic receptor interactions, as noted by Bender et 
al. (2004). This analysis allows for the ranking of docking 
structures based on their binding modes besides docking 
energy ltering. Additionally, this method is an alternative for 
selecting ligands with various binding modes during post-
docking evaluations.

The score and posterior ranking of the complex vector set are 
done in two different ways. The rst uses a xed cutoff, forming 
a binary vector model (BFModel) that considers only the bits 
with an equal or higher frequency cutoff. Alternatively, each 
vector position is weighted by its frequency in the model. The 
score is the sum of the multiplication of each bit by the 
frequency of the same bit in the Frequency Model (see 
Similarity Section) (Xue et al., 2003).

Post-processing of Docking Simulations
The biological activity of small molecules results from specic 
interactions with their targets, which can be quantied using 
interaction vectors generated by the NCS program. Pursuing 
higher success rates has led to improved docking techniques 
and post-docking analyses to minimize the number of false 
positives in the selection of hits.  Interaction models derived 
from experimental data serve as lters or renement 
parameters in docking, allowing for the assignment of weights 
to ligand poses based on descriptors that differentiate active 
from inactive compounds. The interaction vectors obtained 
through docking can be compared with those from 
crystallography or previously constructed models, facilitating 
the assessment of structural similarity between the docking 
results and established templates.

CONCLUSION
The analysis of molecular interactions is fundamental to 
understanding the formation and stability of ligand-protein 
complexes. Large-scale analysis of many complexes 
becomes repetitive. An alternative is the analysis of vector 
representations of the interactions. NCS offers a solution to 
generate and analyze interaction vectors. Its exibility allows 
for analysis with different focus.
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