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DESCRIPTION
Biomolecular modeling is a field that uses computational
methods to study the structure, dynamics and interactions of
biological molecules. One of the key components of
biomolecular modeling is the force field which is a mathematical
representation of the potential energy and forces acting on each
atom in a molecular system. Force fields are essential for
performing Molecular Dynamics (MD) simulations which are
widely used to investigate biomolecular phenomena at atomic
resolution. However developing accurate and transferable force
fields for biomolecular modeling is a challenging task as it
requires balancing between physical realism and computational
efficiency. Moreover force fields need to be validated against
experimental data and tested for their applicability to different
types of biomolecules and conditions. In recent years there have
been significant advances in the development and validation of
new force fields and simulation methods for biomolecular
modeling driven by the availability of large experimental datasets
high-performance computing resources and data science
techniques.

One of the main trends in force field development is the
incorporation of more physical effects, such as polarization
quantum mechanics and solvent effects into the potential energy
function. Polarization is the ability of atoms to change their
charge distribution in response to their environment which
affects their electrostatic interactions. Quantum Mechanics
(QM) describes the behavior of electrons and nuclei at the
subatomic level which determines the chemical bonding and
reactivity of molecules. Solvent effects account for the influence
of the surrounding water or other solvents on the biomolecules.
Polarizable force fields aim to capture the polarization effects by
allowing the atomic charges to vary dynamically during the
simulation. This can improve the accuracy and transferability of
force fields especially for systems involving charged or polar

groups such as proteins, nucleic acids and ligands. However,
polarizable force fields also increase the computational cost and
complexity of the simulations as they require solving self-
consistent equations or applying iterative methods to update the
charges at each time step. Therefore various strategies have been
proposed to reduce the computational overhead and improve the
stability and robustness of polarizable force fields.

Solvent-based force fields aim to account for solvent effects on
the potential energy function by using explicit or implicit models
of the solvent. Explicit solvent models treat each solvent
molecule as a separate entity with its own coordinates and
interactions which can capture the detailed solvation structure
and dynamics around the biomolecules. However explicit solvent
models also increase the computational cost and complexity of
the simulations as they require simulating a large number of
solvent molecules along with the biomolecules. Therefore
various strategies have been proposed to reduce the
computational overhead and improve the sampling efficiency of
explicit solvent models. Implicit solvent models treat the solvent
as a continuous medium with an average dielectric constant
which can capture the average solvation effects on the
biomolecules. However, implicit solvent models also introduce
approximations and limitations in representing the solvent
behavior such as neglecting solvent fluctuations and
correlations. Therefore various strategies have been proposed to
improve the accuracy and reliability of implicit solvent models.
Another main trend in force field development is the use of data
science techniques to leverage large experimental datasets and
high-performance computing resources for parameterizing and
validating force fields. Data science techniques include methods
such as Machine Learning (ML), Artificial Neural Networks
(ANNs), Genetic Algorithms (GAs), Bayesian Inference (BI) and
Markov State Models (MSMs). These methods can help to
automate, optimize and rationalize the process of force field
development by using data-driven approaches.
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