






































































MuMMi – simulations of Cells 
and proteins for cancer cure
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§ Mutated RAS is found in nearly 
1/3 of cancers, not yet able to 
target with known drugs

§ Adaptive Multiscale Model, 
simulating RAS proteins on Cell 
membrane

§ Machine learning directs 
instigation and investigation of 
Coarse Grain (CG) particle 
simulations 

§ Sample space more efficiently 
than brute force approach Image Credit: IM number LLNL-JRNL-749684



ML cataloguing events and discovering rare events

37

§ 350TB of data generated

§ Many RASProteins

§ Where to instantiate the most 
costly detailed atomic level 
simulation? 

Extended HVR and 
upright  RASUpright 

RAS

Extended HVR 
RAS



Drug lead optimization

Concurrent MD 
simulations

ML clustering  
analysis 

Modification 
proposals + 

implementaion

Autoencoder  analysis of 
subtypes

Chemistry informed  
atom subtypes

MD components 

ML components

Autoencoder analysis of  
the whole molecules

Analysis of trajectories

Atom subtypes ranking

Suggestions on lead optimization
Possible outcome (~100 times stronger)
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Multiple Gromacs simulations
SARS-CoV-2 RdRp

FunctionalFree energy 
calculation

New 
structur

e
Free energy 
calculation
Free energy 
calculations

Concurrent MD 
simulations

Concurrent MD 
simulations

Functional Library



Type-1 diabetes  immunotherapy

Insulin/HLA-DQ8 CASTELO

ANCHORED

Immunotherapy is a 
“no man’s land” at 
this moment. Time
and talent are vital 

to ensure 
technological 
supremacy.

MD simulations

Residue contact 
scores

Anchor residue 
recognition Vaccine designs

First-ever 
automated 

neoantigen design 
based on physics.

Data agree with both 
experimental and 

computational 
results.

Reduces the mutation 
search space from 

2010 to 20.



High-Throughput Screening of Nanopores for 
carbon capturing

Local database of structure, 
metadata & topological 

parameters

Computational 
topology toolkit

Local database of structure, 
metadata & topological 

parameters & adsorption 
metrics

Virtual adsorption experiment

Nanopore structure file

Novel nanopore 
generation tool

Nanopore topology 
parameter values

Optimization engine
(BOA MVP2 FoC)

Local database of structure
& metadata

Atomistic nanopore 
retrieval tool

Nanopore morphology 
databases

Preliminary results show that graph convolution 
on crystallography graph can predict adsorption 
of CO2



GNNs for adsorption 
prediction
• Orig – CGCNN 

• Edge – With edge 
convolution

• Attention – With 
attention 
mechanism

• Charge – use 
atom partial 
charge features
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