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Fig. 1. Number of publications with the key words “molecu-
lar simulations” and “machine learning” published per year

as a function of years. Data were taken from Scopus.
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Fig. 2. Schematic diagram for representing the biomolecu-

lar force field by a neural network.
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Fig. 3. SASA estimation based on coarse-grained protein structure. Left: All-atom structure and coarse-grained structure of protein
G (PDB code: 1 pgb). Right: Correlation plot between the SASA values from DeepCGSA based on one-bead coarse-grained struc-

ture and the reference values by Shrake-Rupley algorithm based on all-atom structure. The DeepCGSA can well reproduce the

SASA values based on coarse-grained structure.
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Fig. 4. Projection of the sampled snapshots of the coarse-grained molecular dynamics simulations for protein G 1 along the reac-
tion coordinates constructed by PCA (left), t-SNE (middle), and UMAP (right), respectively. t-SNE and UMAP perform better
than PCA in distinguishing the folded and unfolded structures. Colors from blue to red represent the structures with increasing

folding extent: blue, fully unfolded; red, fully folded.
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Fig. 5. Network architecture of different generative models:
Variational autoencoder (VAE, left), generative adversarial
network (GAN, middle), and normalizing flow (NF, right).
Three networks have different architectures. VAE first re-
duces data to a low-dimensional space, samples in the low-
dimensional space, and then transforms back to a high-di-
mensional space. GAN generates target distribution by
combining a generator and the discriminator. Normalizing
flow model establishes a direct and reversible mapping
between the target distribution and a simple and easy-to-

sample distribution (such as Gaussian distribution).
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SPECIAL TOPIC—Machine learning in biomolecular simulations

L] o o o o o *
Machine learning in molecular simulations of biomolecules
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Abstract

Molecular simulation has already become a powerful tool for studying life principles at a molecular level.
The past 50-year researches show that molecular simulation has been able to quantitatively characterize the
kinetic and thermodynamic properties of complex molecular processes, such as protein folding and
conformational changes. In recent years, the application of machine learning algorithms represented by deep
learning has further promoted the development of molecular simulation. This work reviews machine learning
methods in biomolecular simulation, focusing on the important progress made by machine learning algorithms
in improving the accuracy of molecular force fields, the efficiency of molecular simulation conformation
sampling, and also the processing of high-dimensional simulation data. The future researches to further
overcome the bottleneck of accuracy and efficiency of molecular simulation, expand the scope of molecular
simulation, and realize the integration of computational simulation and experimental based on machine learning

technique is prospected.
Keywords: bio-molecules, molecular simulations, machine learning, enhanced sampling, multiscale model
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