
NCI Ras Initiative

• Identify compounds that bind directly to KRAS or prevent it 
activating its immediate effectors

• Molecular description of interaction between KRAS, RAF1 and 
the plasma membrane

• Collaboration with the NCI, Dept  of Energy, 4 National Labs







NCI RAS Initiative - Resources and interactions 

Reagents

552 Universities and NPOs, 42 states, 42 countries, 6 continents

10,067 plasmids & vectors (through Addgene)

• 1946 individual RAS and RAS pathway plasmids

• At least 1 individual request for each of the 180 genes

• 19 complete RAS pathway kits (360 plasmids each)

• 21 complete RAS mutant kits (61 plasmids each)

820 cell lines

RAS-dependent MEFs licensed to 9 companies

KRAS-FMe materials licensed to 6 companies

cCRADAs

16 cCRADAs - universities, biotechs and pharma

$11.1 M in funds to FNLCR

• 51 FTE years funded

• 28 in-kind FTE years from collaborator

Collaborations

27 Academic Institutions

11 Strategic (National Labs, Advocacy, NIH)

10 Industry 

Community Outreach and Engagement

2 RAS Symposia (3rd in 2021)

8 RAS Community Workshops

4 AACR/NCI Special Sessions Presentations 

Participation in NCI Ras Synthetic Lethality Network

40 publications



Recent Publications



NCI RAS Initiative – cCRADAs

• Beatson Institute

• Daiichi-Sankyo

• Eli Lilly and Company

• Evotec

• Genomic Institute of the Novartis Research Foundation

• KyRas Therapueutics

• Northeastern University

• Pharma Arava

• Sanofi

• TheRas, Inc

• TOSK, Inc.

• University of California at San Francisco

• University of Maryland Baltimore

• Weizmann Institute



cCRADA with TheRas

Anna Maciag
Yue YangDavid Turner Dhirendra Simanshu Eli Wallace Felice Lightstone Julian Downward

Preventing KRAS4B processing by blocking C185 Targeting H95: unique residue on KRAS Blocking activation of PI3 kinase by KRAS



Targeting Ras-dependent Raf activation



Simanshu Tim Tran

First crystal structure of the Raf1 RBD-CRD  domain



KRAS-RAF1(RBDCRD) complex and SPR analysis

RAF1(RBD) RAF1(RBDCRD)

Kd = 371 ± 92 nM Kd = 152 ± 45 nM

SPR sensorgrams showing the binding of RAF1(RBD) and RAF1(RBDCRD) to KRAS
Steady-state binding isotherms 

derived from the SPR data 

L. Bindu, Andy Stephen



Developing RAF1(RBD-CRD) inhibitors
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• Screening strategies:

• 19F NMR-fragment screening using Sanofi fragment library

• In silico screening using Sanofi small-molecule library

• DNA encoded library screening (covalent/non-covalent) 

• HTS screen using Sanofi small-molecule library

• MTS SEC based Affinity Selection Mass Spectrometry screen

Sanofi cCRADA : Targeting KRAS-RAF1(RBDCRD) interaction

FNL Team: D. Simanshu, Dom Esposito, Andy Stephen, Lick Lai, Maria Abreu Blanco

CRADA executed in April, 2020

Screening completed. 

Compound synthesis/ hit validation. 

Assay optimization.



Model showing the crystal structure of KRAS-RBDCRD 
at the membrane

Membrane interacting residues in CRD

CRD

KRAS

RBD

HVR

a5 a4

Chris Neale, LLNL



KRAS cysteine surface mutagenesis library

Dom Esposito
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KRAS residue #

Surface accessibility

95 residues

MTEYKLVVVGADGVGKSALTIQLIQNHFVDEYDP

TIEDSYRKQVVIDGETCLLDILDTAGQEEYSAMR

DQYMRTGEGFLCVFAINNTKSFEDIHHYREQIKR

VKDSEDVPMVLVGNKSDLPSRTVDTKQAQDLARS

YGIPFIETSAKTRQGVDDAFYTLVREIRKHKEK



-MESH

cysteine

SS

cysteine

Tethering library

Erlanson DA, Wells JA, Braisted AC. Tethering: fragment-based drug discovery. 

Annu Rev Biophys Biomol Struct. 2004;33:199-223.

Tethering can identify fragment binding pockets adjacent  
to cysteines



FNL disulfide tethering library

• >2000 high quality and chemically diverse fragments

• Good fragment-like properties

• MW <300

• ClogP ≤ 3

• Number of hydrogen bond donors/acceptors ≤ 3

• Minimize overly complex molecules

• Minimize unnecessary stereochemistry

• Exclusion of PAINS / reactive groups

• Current library of 1163 compounds stored as 50 mM DMSO stocks 

Parameter Range

Molecular weight 80 - 343

Heavy atoms 5 - 21

Chiral centers 0 - 2

HB donors 0 - 2

HB acceptors 0 - 5

Rotatable bonds 0 - 4

Polar surface area < 106 Å2

Anna Maciag David Turner Vandana Kumari



Completed screens: residue mapping
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PDBID: 5TAR



Tethering screen: KRAS G12C/C118S (GppNHp)
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Best pose observed during MD simulations

19

Starting pose

(covalently docked pose to a 

crystal structure)

Best energy

Best pose from all MD simulations

MM-GBSA binding energies : -42.94 kcal/mol

Best pose

l



Goals and approaches

Goals:

• Hit optimizations with limited binding pocket/structural information

• Discovery of new pockets not detectable in crystal structures-
identification of cryptic pockets 

Approaches:

• Computer aided drug design 

• Molecular docking for pose prediction (starting point for 
simulations)

• Molecular dynamics (MD) simulations for pose refinement

• Enhanced MD for cryptic pocket identifications



•Thanks!


