
ENERGY-BASED MODELS FOR 
ATOMIC-RESOLUTION PROTEIN 

CONFORMATIONS

Bowen Jing , Stephan Eismann , Patricia Suriana, Raphael 

J.L. Townshend, Ron O. Dror

Stanford University

Presented by: Md Hossain Shuvo

Virginia Tech



Background

Protein conformation

https://cbm.msoe.edu/
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/1471-2105-12-S14-S10/figures/1
http://yann.lecun.com/exdb/publis/pdf/lecun-06.pdf

Energy-based models (EBMs)

https://cbm.msoe.edu/
https://bmcbioinformatics.biomedcentral.com/articles/10.1186/1471-2105-12-S14-S10/figures/1
http://yann.lecun.com/exdb/publis/pdf/lecun-06.pdf


Motivation

Protein folding Learning energy function

➢ Force field

➢ Statistical potentials

➢ Rosetta

https://fold.it/portal/node/2005623

Learn the energy function directly from data using generative 
modeling, EBMs



Problem definition

Rotamer recovery

Given:
set of surrounding atoms ,k 
(Context atoms) for a residue
k = 64

Train:

Sample from rotamer library
Energy function:
Loss function    :

Predict:
Rotamer atoms



Problem setup

Atom input (context atoms) representations

➢ Cartesian coordinates (x,y,z)

➢ Categorical features: N/C/O/S

➢ Ordinal label: type of N/C/O/S

➢ Type of the amino acid



Architecture

Additional parameters:

➢ No dropout used during the 
training

➢ Uses Layer normalization



Baseline models

Graph network



Datasets

High-resolution PDB structures from CullPDB database

➢ Resolution finer than 1.8Å

➢ Sequence identity < 90%

➢ R-value < 0.25

➢ Total train proteins: 12,473

➢ Total train proteins: 129

➢ Sequence identity <= 25%



Training steps



Evaluation metric

➢ Percentage of rotamer recovery

➢ Successful rotamer recovery:

sampled_chi – true_chi < 20Å

➢ Sampling strategies:

➢ Discrete sampling

➢ Continuous sampling



Benchmark

Discrete sampling
Continuous sampling

Rotamer recovery by amino acid



Energy visualization

Core vs Surface residue energies Residue size vs energy well

Symmetries of 
amino acids



Summary and observations

➢Learns energy function directly from the data using EBMs

➢Discovers relevant features automatically

➢Performance

➢Evaluating methods


