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Abstract:  

Chemical Environment Adaptive Learning 
 
The understanding material structure-property relationship is crucial in material discovery. Graphitic 
carbon nitride (g-C3N4) and its doped variants recently gained much attention due to their wide 
applications as optical materials, demanding accurate prediction of their band gaps. However, 
quantum simulation methods are computationally intractable when treating many doped molecular 
structures. The recent success of graph neural networks (GNNs) in chemical structure learning offers 
an opportunity to predict material properties and accelerate material discovery despite their 
inefficient exploitation of local chemical environment information underlying distinct molecular 
structures. We propose a novel machine learning (ML) algorithm called Chemical Environment 
Adaptive Learning (CEAL), which can satisfactorily capture the characteristics of atoms' local chemical 
environments. Our benchmark results demonstrate more than 100% improvement in band gap 
prediction accuracy for CEAL compared with all established GNNs on doped g-C3N4. Most importantly, 
a single unified CEAL model was found to be able to precisely foresee the band gaps of various doped 
g-C3N4 structures, making it a valuable tool for performing high-throughput prediction in material 
design. 
 
Self-supervised Learning 
 
Computational chemistry simulations have been used to study the protein folding trajectory. Most 
data produced in these simulations are unlabeled, demanding self-supervised ML algorithms to 
extract in-depth information from them for downstream tasks. 
 
Case 1: Understanding the interfacial behaviors of biomolecules is crucial to applications in 
biomaterials and nanoparticle-based biosensing technologies. Discontinuous molecular dynamics 
(DMD) simulations have been utilized to study the lysozyme folding path in the adsorption process on 
a hydrophobic graphene surface. Using DMD and autoencoder (a self-supervised ML algorithm), the 
stages of the lysozyme structure trajectory in the adsorption process were identified, revealing the 
roles of residue-surface hydrophobic interaction and the 𝜋 − 𝜋  stacking interactions in the 
adsorption process. 
 
Case 2: Allosteric regulation is common in protein-protein interactions and is thus promising in drug 
design. Nevertheless, the mechanism of allosteric regulation remains elusive for most proteins, 
including SARS-CoV-2 spike protein, despite extensive experimental endeavors over the past years. 
All-atom explicit solvent molecular dynamics (MD) simulations have been used to study the allosteric 
regulation of SARS-CoV-2 protein when peptide binds to the polybasic cleavage sites. Contrastive 
learning is the state-of-the-art self-supervised ML algorithm that can capture good feature 
representations from unlabeled data. Utilizing the contrastive learning algorithm in conjunction with 
all-atom explicit solvent MD simulations, we were able to reveal the propagation route of the spike 
protein’s backbone fluctuation, paving the way for the rational design of allosteric antibody inhibitors. 
 

 
 


