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In the last classes, we saw the expression of the potential energy (V) for a protein-

ligand complex as follows,

where rij indicates the interatomic distance, qi and qj are the electric charges,  is the

permittivity of the material, A, B, C, D are constants related to the type of interaction,

E(t) is a term to account for directions in hydrogen bonds. We also have the volume of

atoms (Vi or Vj) multiplied by a solvation parameter (Si or Sj) in the above equation.

The ’s are the relative weight of each energy term.
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Potential Energy of a Protein-Ligand System
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Potential Energy of a Mass-Spring System

The expression of the potential energy (V) for a mass-spring system has the following

expression,

𝑉 =
1

2
𝐾 𝑥 − 𝑥0

2

where x0 is the equilibrium distance, K is the elastic constant, and x is the position in

anytime.

x0



Considering intermolecular and intramolecular interactions, we may express the

potential energy of a protein-ligand structure using the following equation.

where rij indicates the interatomic distance. The first three energy terms deal with

intramolecular interactions and the last two represent intermolecular interactions. The

intermolecular Lennard-Jones and electrostatic energy terms have been previously

discussed.
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Force Field of a Protein-Ligand System



The first energy term deals with the potential energy relative to deviation from the

equilibrium distances ( ҧ𝑟𝑖𝑗 ) for covalently bonded atoms (i, j) with an interatomic

distance of 𝑟𝑖𝑗. The parameter 𝐾𝑖𝑗
𝑏 is the bond stretch force constant applied when the

atom (i) is covalently bonded to the atom (j).

The first summation is taken over all pairs of bonded atoms (B).
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Force Field of a Protein-Ligand System

ҧ𝑟𝑖𝑗



In the second summation, we have deviations from an ideal bond angle ҧ𝜃𝑖𝑗𝑘 involving

three atoms (i, j, and k) and the angles involving them, 𝜃𝑖𝑗𝑘. The parameter 𝐾𝑖𝑗𝑘
𝑎 is the

force constant applied for the bond angle formed by the atoms (i, j, and k). The

constant A is the set of three atoms (i, j, and k) that form the angle 𝜃𝑖𝑗𝑘.
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Force Field of a Protein-Ligand System



In the third summation, we take the contribution of dihedral angles 𝜙𝑖𝑗𝑘𝑙 formed by four

consecutive bonded atoms (i, j, k, and l). The constant nijkl is the periodicity of the

dihedral angle, and ijkl is the phase offset. This third summation is taken over all

elements of the set D, which is formed by quadruplets of consecutive atoms.
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Force Field of a Protein-Ligand System



Considering the potential energy equation along with all equilibrium values for bond

distances, bond angles, dihedral parameters, Lennard-Jones and electrostatic

parameters, we have a force field. There are several force fields for biomolecules.
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Force Field of a Protein-Ligand System



The Second Newton’s equation of motion is given by the following expression,

𝐹𝑖 = 𝑚𝑖𝑎𝑖 (1)

where Fi is the force exerted on particle i, mi is the mass of particle i and ai is the

acceleration of particle i. The force can also be expressed as the gradient of the

potential energy,

𝐹𝑖 = −
𝜕𝑉

𝜕𝑟𝑖
→ 𝑎𝑖 =

𝐹𝑖
𝑚𝑖

→ 𝑎𝑖 = −
1

𝑚𝑖

𝜕𝑉

𝜕𝑟𝑖
(2)

The position of a particle x is given by the following equation,

𝑥 = 𝑥0 + 𝑣0𝑡 +
1

2
𝑎𝑡2 (3)

Considering a protein system, the initial coordinates can be obtained from a crystal

structure and the acceleration using equation (2) and the initial distribution of

velocities are usually determined from a random distribution.
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Trajectory
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Force Field of a Protein-Ligand System

Molecular dynamics simulations can be applied to find the minimum energy

conformation of biomolecules.

V(r)

Global minimum of energy
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Force Fields for Biomolecules

ECEPP (Empirical Conformational Energy Program for Peptides) 

AMBER (Assisted Model Building with Energy Refinement)

CHARMM22 (Chemistry at Harvard Macromolecular Mechanics) (Used 

by the Program NAMD2) 

GROMOS (GROningen MOlecularSimulation)

CVFF (Consistent-Valence Force Field)

OPLS (Optimized Potentials for Liquid Simulations)
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Molecular Dynamics Simulations of Water Molecules
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Molecular Dynamics Simulations of Proteins
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Molecular Dynamics Simulations of Protein-Protein Systems
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Molecular Dynamics Simulations of DNA Molecules
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Molecular Dynamics Simulations of Protein-Membrane Systems
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Molecular Dynamics Simulations of Protein-Ligand Systems
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Molecular Dynamics Simulations of Protein
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Molecular Dynamics Simulations Using NAND2 and VMD
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Machine Learning Selection of the Machine-

Learning Models

Protein 

Structures of 
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https://www.rcsb.org/3d-view/6Y7M/1


21

Reference


