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Molecular Dynamics 

Molecular dynamics (concerned with molecular motion) is a computer simulation method for 

studying the physical movements of particles (atoms, molecules, granules, etc.). The particles 

are allowed to interact for a fixed period of time, giving a view of the dynamic evolution of the 

system. The driving force for chemical processes in molecular dynamics is described by 

thermodynamics. In molecular modelling, molecular dynamics is used effectively to predict the 

functions of macromolecules (e.g., protein folding). 

 

Principle of Molecular Dynamics 

In molecular dynamics, successive configurations of the system are generated by integrating 

Newton’s laws of motion. The result is a trajectory that specifies how the positions and 

velocities of the particles in the system vary with time. Newton’s laws of motion can be stated as 

follows: 

1. A body continues to move in a straight line at constant velocity unless a force act upon it.  

2. Force equals the rate of change of momentum.  

3. To every action there is an equal and opposite reaction. 

The trajectory is obtained by solving the differential equations embodied in Newton’s second 

law: 
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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, 
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Combining these two equations yields, 
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where E is the potential energy of the system. Newton’s equation of motion can then relate the 

derivative of the potential energy to the changes in position as a function of time. 

 

Molecular Dynamics Methods 

There are two main families of molecular dynamics methods, which can be distinguished 

according to the model chosen to represent a physical system: 

 In the ‘classical’ mechanics approach to molecular dynamics simulations, molecules are 

treated as classical objects resembling very much the ‘ball and stick’ model. Atoms 
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correspond to soft balls and elastic sticks correspond to bonds. The laws of classical 

mechanics define the dynamics of the system. 

 The ‘quantum’ mechanics approach to molecular dynamics simulations take explicitly into 

account the quantum nature of the chemical bond. The electron density function for the 

valence electrons that determine bonding in the system is computed using quantum 

equations, whereas the dynamics of ions (nuclei with their inner electrons) is followed 

classically. 

Quantum molecular dynamics simulations represent an important improvement over the 

classical approach and they are used in providing information on a number of biological 

problems. However, they require more computational resources. At present only the classical 

molecular dynamics is practical for simulations of biomolecular systems comprising many 

thousands of atoms over time scales of nanoseconds. 

 

Molecular Dynamics Algorithms 

There are many molecular dynamics algorithms/methods available for calculating potential 

energy of the system. The leapfrog algorithm is a common numerical approach to calculating 

trajectories based on Newton’s equation. This algorithm derives its name from the fact that the 

velocity and position information successively alternate at ½ time step intervals. A list of 

different molecular dynamics algorithms is given bellow, 

 Screened Coulomb Potentials Implicit Solvent Model 

 Integration Algorithms 

o Verlet-Stoermer algorithm 

o Leap-frog algorithm 

o Velocity Verlet algorithm 

o Beeman’s algorithm 

o Symplectic integrator 

o Runge–Kutta integration 

o Constraint algorithms 

 Short-range Interaction Algorithms 

o Cell lists 

o Verlet list 

o Bonded interactions 

 Long-range Interaction Algorithms 

o Ewald summation 

o Particle mesh Ewald summation (PME) 

o Particle–particle-particle–mesh (P3M) 

o Shifted force method 

 Parallelization Strategies 

o Domain decomposition method 

 Ab initio Molecular Dynamics 

o Car–Parrinello molecular dynamics 
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Applications of Molecular Dynamics 

Molecular dynamics is frequently used to refine 3-dimensional (3D) structures of proteins and 

other macromolecules based on experimental constraints from x-ray crystallography, NMR, or 

spectroscopy. In biophysics and structural biology, the method is frequently applied to study the 

motions of macromolecules such as proteins and nucleic acids, which can be useful for 

interpreting the results of certain biophysical experiments and for modeling interactions with 

other molecules, as in ligand docking. In principle molecular dynamics can be used for ab initio 

prediction of protein structure by simulating folding of the polypeptide chain from random coil. 


