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Embryonic stem cells divide quickly.
Why don’t all cells?
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Ras is a signaling switch

asynchronous interactions

MEK, ERK



Ras is a challenging target



Ras is druggable
Adagrasib (MRTX849 ) FDA approved Dec 2022Sotorasib (AMG510) FDA approved May 2021



Many Ras driver mutants remain undrugged

Mukhopadhyay, Heiden, McCormick, 2021, Nature Cancer, 2:271–283
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Can we target Ras-membrane systems?
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Ras orientation regulates binding site accessibility
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Ras orientation is regulated by lipids

Neale and García, Biophys. J., 2020, 118(5):1129-1141
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MD simulations of K-Ras4B populate a Raf binding pose 
consistent with data from NMR and crystallography

Travers et al., 2018, Sci. Rep., 8:8461 
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Multiscale simulations

Di Natale et al., 2019, SC ‘19, 57:1-16
Bhatia et al., 2021, SC '21, 10:1-16
Ingólfsson et al., 2022, PNAS, 119:e2113297119
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(AA) Ras + 2-lipids

Multiscale simulations reveal sensitivity & uncertainty

Nguyen et al., 2022, Biophys. J., 121(19):3630-3650

(CG) Ras + 8-lipids (CG) Ras + RBD/CRD + 8-lipids



CG-to-AA reenables conformational changes

Lopez et al., 2022, J. Chem. Theory Comput., 18(8):5025-5045



CRD Reorganization vs. 
Ras orientation
Nguyen et al., 2022, Biophys. J., 121(19):3630-3650



CRD reorganization is larger in solution

Nguyen et al., 2022, Biophys. J., 121(19):3630-3650



Summary

• Disposition
• Lipids (not GNP) define K-Ras4B orientation
• membrane as a competitive inhibitor or PAM
• orientation may be druggable

• Conformation
• CG/AA multiscale yields benefits of each scale
• membrane protein surfaces may be more (or differently) 

druggable than is apparent in crystal structures

We are interested in 
enabling a membrane 
protein focus in our floes
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