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Molecular Dynamics

Simulation 

Modeling

20-30% of cancers have mutated 

RAS

Current therapies ineffective against 

RAS-driven cancer

Biological and mechanistic insights to 

facilitate discovery of therapeutics

FNLCR

LLNL

NCI-DOE Collaboration - ADMIRRAL
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Lavoie & Therrien, Nature Reviews M olecular Cell Biology

Release of Auto-
inhibition
• Dephosphorylation, 
• 14-3-3 release/rearrangement
• structural changes
• Engagement of RAS

Activation 

• CRD membrane engagement 
• RAS clustering
• Activating phosphorylation
• Kinase domain dimerization

KRAS 
membrane

Signaling 
platform

Auto-inhibited RAF

Therapeutic Opportunities
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Ras - Raf Activation Lifecycle
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Lavoie & Therrien, Nature Reviews Molecular Cell Biology

Pilot 2

Ras - Raf Activation Lifecycle
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Lavoie & Therrien, Nature Reviews Molecular Cell Biology

ADMIRRAL

Pilot 2

AI-Driven Multi-scale 
Investigation of Ras-RAF 
Activation Lifecyle

Ras - Raf Activation Lifecycle
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Martinez Fiesco, J.A., Durrant, D.E. et al Nat Commun 13, 486 (2022)

ADMIRRAL Project: RAF Activation
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smFRET to monitor conformational changes Neutron Reflectivity: Structure of BRAF.1433 at the membrane
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NR data fitting in progress

ADMIRRAL Experimental Approaches
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Use ML to develop suitable latent spaces that 
capture evolution of protein structures 

A Machine Learned Latent Space
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Iteratively sample-and-retrain a latent space to find 
a bridge between configurations

A Machine Learned Latent Space
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MuMMI* 2.0  - managing and executing a workflow at exascale

The MuMMI 2.0 workflow manages ML-generated 

selection of hypotheses and subsequent validation

• The coarsest scale samples 
protein conformational 
changes

• Macro model equilibrates lipid 
configurations

• CG model validates hypothesis

• AA model validates CG model

* Multi-scale Machine-learned Modeling Infrastructure

Builds on award-winning development of MuMMI during Pilot 2
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MuMMI Framework https://github.com/mummi-framework
Includes mummi-core and mummi-ras codebases

ddcMD  https://github.com/LLNL/ddcMD
A fully GPU-accelerated molecular dynamics program for the Martini force 
field  

MemSurfer https://github.com/LLNL/MemSurfer
MemSurfer is a tool to compute and analyze membrane surfaces found in a 
wide variety of large-scale molecular simulations. 

MARTINI parameters http://cgmartini.nl/index.php/force-field-
parameters/lipids 
Refined lipid parameters that reproduce experimental phase diagram have 
been uploaded to MARTINI website for public use

Maestro https://github.com/LLNL/maestrowf
Maestro Workflow Conductor is a Python tool and library for specifying and 
automating multi-step computational workflows both locally and on 
supercomputers.

Flux https://flux-framework.github.io
Flux is a next-generation resource and job management framework

DataBroker https://github.com/IBM/data-broker
The Data Broker (DBR) is a distributed, in-memory container of key-value 
stores enabling applications in a workflow to exchange data through one or 
more shared namespaces.

Dynim  https://github.com/LLNL/dynim
Framework for dynamic diversity sampling used for coupling pairs of scales in 
MuMMI

TarIdx https://github.com/LLNL/pytaridx
Framework for creating robust archives of data to allow MuMMI to handle up 
to billions of files.

Campaign 1 data  
https://modac.cancer.gov/assetDetails?dme_data_id=NCI-DME-MS01-
1069927 &  https://modac.cancer.gov/assetDetails?dme_data_id=NCI-DME-
MS01-10699461
https://bbs.llnl.gov/RAS-lipid-dependent-dynamics-data.html
Over 8M files (> 350TB) of data transferred to Predictive Oncology Model and 
Data Clearinghouse 
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Outreach/Capability Transfer 
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Extension to additional biology


