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Fig. 1. Schematic of supervised-AE.
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Fig. 2. Different structures of the two proteins in the work.
(a) The close (opaque) and open (transparent) state of T4L.
a-helix is colored in purple and B-sheet is colored in yellow.
(b) The close (opaque) and open (transparent) state of
AdK. Different domains are colored in different colors.
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Fig. 3. Results of conformational space exploration of T4L:
(a) With AMBER99SB/OPC; (b) with CHARMMS36m/
TIP3P.
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Fig. 4. Different T4L conformations explored: (a) PDB:173L
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ations with different degrees of opening and closing; (¢) two
conformations with different degrees of twisting. a-helix is

colored in purple and B-sheet is colored in yellow.
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Abstract

Protein function is related to its structure and dynamic change. Molecular dynamics simulation is an
important tool for studying protein dynamics by exploring its conformational space, however, conformational
sampling is a nontrivial issue, because of the risk of missing key details during sampling. In recent years, deep
learning methods, such as auto-encoder, can couple with MD to explore conformational space of protein. After
being trained with the MD trajectories, auto-encoder can generate new conformations quickly by inputting
random numbers in low dimension space. However, some problems still exist, such as requirements for the
quality of the training set, the limitation of explorable area and the undefined sampling direction. In this work,
we build a supervised auto-encoder, in which some reaction coordinates are used to guide conformational
exploration along certain directions. We also try to expand the explorable area by training through the data
generated by the model. Two multi-domain proteins, bacteriophage T4 lysozyme and adenylate kinase, are used
to illustrate the method. In the case of the training set consisting of only under-sampled simulated trajectories,
the supervised auto-encoder can still explore along the given reaction coordinates. The explored conformational
space can cover all the experimental structures of the proteins and be extended to regions far from the training
sets. Having been verified by molecular dynamics and secondary structure calculations, most of the
conformations explored are found to be plausible. The supervised auto-encoder provides a way to efficiently
expand the conformational space of a protein with limited computational resources, although some suitable
reaction coordinates are required. By integrating appropriate reaction coordinates or experimental data, the
supervised auto-encoder may serve as an efficient tool for exploring conformational space of proteins.

Keywords: protein conformational space, molecular dynamics simulation, machine learning, auto-encoder
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