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Introduction: The free energy of protein folding is an important biophysical property

of proteins, reflecting the overall stability of the three-dimensional structure of

macromolecules. Changes in the sequence of amino acids, which occur naturally or

occur in vitro, may affect the stability of the protein concerned and hence be associated

with the disease. Different methods predict the free energy changes of a protein, but the

desired goal is not only to accurately predict the folded free energy of the protein but

also to describe the structural changes caused by the mutations and the structural nature

of the free energy changes. The result of the mutation can be calculated directly by the

principles of statistical thermodynamics. Such an approach, based on free energy

perturbation calculations based on MD-FEP molecular dynamics, has recently been

successfully proposed for a wide range of biological related systems.

Method: FEP is a method built on statistical mechanics and used in computational

chemistry to calculate free energy difference from molecular dynamics or Monte Carlo

simulations. FEP calculations based on molecular dynamics simulations predict the

enthalpy and entropy effects of conformational flexibility.

Results and discussion: In the calculation of free energies In principle, the concepts

of FEP calculations have been used to calculate free energy types to predict the effect of

single-point amino acid mutations on thermodynamics of protein stability. The

components of this study for the first time in a large validation dataset show the promise

of an accurate energy approach to predict the thermal stability of proteins.

Conclusion: Molecular dynamics simulation can be used as a virtual screening tool for

ranking, selecting, identifying and evaluating unstable spots in the structure of proteins.
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The FEP+ methodology combines an accurate modern force field (OPLS3)

efficient GPU enabled parallel molecular dynamics (Desmond version REST

enhanced sampling and the FEP Mapper tool to automate setup of the

calculations. The FEP+ workflow has been extensively validated on small-

molecule drug design cases; see for example Ref. for a more detailed

description of the free energy calculation protocole employed.
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A specific folded 3D structure is one of the defining characteristics distinguishing

biologically functional proteins from most polymers. Despite this importance of

folded structures, it has been estimated that the folded state of most proteins is only

marginally more stable than the unfolded state. The majority of polypeptide

sequences do not correspond to stable protein folds and individual amino acid point

mutations can have large destabilizing effects. The enormous size of the available

protein sequence space affords nearly limitless mutation options, of which any

particular set of mutations could stabilize or destabilize a given protein fold. The

ability to reliably predict protein stability changes would be extraordinarily

valuable in understanding basic protein structure and function and in connecting

evolutionary constraints in protein sequences to structural properties. As changes in

protein stability are often connected to disease-causing mutations, such predictions

can provide a direct link between molecular structure and human disease.
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Protein PDB ID 

Exp.
Stability
Range

[kcal/mol]

Resolution
[Å]

# Mutations
in dataset

# Residues
in entire
protein

Staphylococcal
Nuclease

1STN -1.0; +7.5 1.7 267 149

T4 Lysozyme 2LZM -1.3; +6.3 1.7 84 164

Barnase 1A2P -0.5; +4.7 1.5 68 110

Chymotrypsin
Inhibitor 2

1YPC -0.4; +4.9 1.7 64 64

Protein L, B1
domain

1HZ6 -0.6; +4.9 1.7 57 72

c-SRC Tyrosine
Kinase

1FMK -0.5; +2.3 1.5 49 452

Human
Lysozyme

1REX -1.0; +3.8 1.5 45 130

Fibronectin III
Domain

1TEN -1.6; +5.4 1.8 39 90

Trypsin
Inhibitor

1BPI -0.2; +3.3 1.1 35 58

FK506 Binding
Protein

1FKB -0.9; +3.8 1.7 33 10

https://www.sciencedirect.com/science/article/abs/pii/S0022283616305368#ab0010

