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Outline 

• Introduction  
• Structural Biology and Biophysics 
• Targets and Assays 

– Biochemical screens 
– Cell-based screens 
– Multimerization and localization 
– Cell surface 

• RAS Community 
• Oversight and Feedback 
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The NCI RAS Initiative 
What is RAS, and why is it so important? 
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Cancer KRAS Mutation US - new KRAS 
cases/yr 

5 yr survival 

Colorectal 45 % 60,000 45 % 
Lung 35 % 45,600 17 % 
Pancreas 95 % 32,200 6 % 

137,800 



Andy Stephen 

Protein Biology/Biophysical Characterization 

Dom Esposito 



Palmitoyl Farnesyl 

The RAS family of small GTPases 

• 21 kDa small GTPases 

• high homology in first 164 aa 

• More than 100 members 

• post-translational modifications 

• membrane association 

 



Raf 

K-Ras GTP 

Intrinsic GTPase 

K-Ras GDP 

GDP dissociation 
Rapid GTP binding 

Characterization of WT KRAS and mutants –  
 
Nucleotide binding kinetics determine KRAS signaling 

• Measure binding kinetics of fluorescent 
nucleotides (in progress) 
 

• Measure binding affinity of CRAF (in progress) 
 

• Measure intrinsic GTPase activity (complete) 
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Other  
effectors 

G12C   G12D G12V G13D 

Colorectal 6,300 22,000 12,600 11,250 
Lung 22,000 9,520 11,900 1,190 
Pancreas 1,200 19,000 12,000 1,000 
          
Total 29,500 50,520 36,500 13,440 
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KRAS characterization: Intrinsic GTPase activity 
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E. coli produced full-length KRAS 4b 
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MANT-GppNHpNon-hydrol dissociates 4 times 
faster from G13D compared with WT KRAS 

KRAS GppNHp MANT +   GDP GppNHp MANT GDP-KRAS   + 

WT-KRAS   1.0e-3 +/- 3.5e-6 s-1  

G13D          4.2e-3 +/- 1.0e-4 s-1  
G12V          1.9e-3 +/- 2.5e-5 s-1  

Pat Alexander/Matt Fivash E. coli produced full-length KRAS 4b 
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Binding of RAF Ras Binding Domain (RBD)1-149 
to WT KRAS 
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KRAS-GppNHp 

KRAS-GDP 

1000nM 

333nM 

111nM 

37nM 
12nM 

RAF-RBD1-149 

KD ~300nM 

Lakshman Bindu/Karen Worthy 

5mM MgCl2 150mM NaCl 

E. coli produced full-length KRAS 4b 



Ongoing characterization 

• Analysis of WT, G12C, G12D, G12V, G13D, Q61H, Q61L 
– GTP hydrolysis rate of truncated protein 

– nucleotide off-rate 

– RAF-RBD binding  

 
• Limited analysis of “rare” KRAS oncogenic mutants: 

G12A, G12H, G12S, G12R, G13C, Q61H, R68S, K117N, A146T, A146V 
– Intrinsic GTP hydrolysis 

– GppNHp off-rate for subset 
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Fully Processed Recombinant KRAS 
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• KRAS expressed in insect cells 

• Human farnesyltransferase (FNTA/FNTB), ICMT cloned  

• Triple infection of FNTA/FNTB, KRAS, and ICMT 

21,412 Da: farnesylated, -AAX 
21,426 Da: farnesylated, -AAX, methylated 
21,551 Da: unprocessed 

unprocessed 

processed 

Farnesylated 
KRAS 

RAS only works when in the membrane 
- Drugs that affect membrane dependent signaling? 



Processed KRAS and lipid interactions – 
liposomes and nanodiscs 

Literature suggests poly-basic region at KRAS C-terminus interact 
with negatively charged lipids in the plasma membrane. 
Processed KRAS – lipid interactions 
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200nm 

Liposomes 
• SPR to evaluate optimal lipid composition 

 

Tethered bilayers 
• Fluorescence fluctuation spectroscopy (Jay Groves, UC Berkeley) 
• Neutron scattering (NIST) 

 
 
Nanodiscs 

• Collaboration with Steve Sligar (UI Champaign-Urbana) 

• Structural biology by cryo-EM and NMR 
• Next-generation HTS assays 

 



Binding of processed KRAS to liposomes is 
dependent on the phosphoserine content 

20% Phosphoserine 

15% Phosphoserine 

0% Phosphoserine 

Lakshman Bindu 

5µM processed KRAS binding to liposomes with 
variable phosphoserine content 

POPS 20% 

POPS 15% 
POPS 10% 

POPS 5% 

POPS 0% 

Buffer 

POPC 
(palmitoyl-oleoyl phosphatidylcholine) 

POPS 
(palmitoyl-oleoyl phosphatidylserine) 



Plans for structural and biophysical analysis of 
fully processed KRAS 

KRAS-lipid 
interactions 

Prepare and QC  
liposomes 

Quantitate KRAS-
liposome interactions 
by SPR or FCS 
(Sligar/Groves) 

KRAS-membrane 
orientation by neutron 
reflectivity (NIST) 

Prepare and QC 
nanodiscs 

NMR structure 
KRAS-nanodisc 
(NMR-FAM) 

Hi-Res Cryo-EM 
structure (NCI) 

Crystallography 

Intrinsic/GAP GTP hydrolysis 
RAF-RBD binding 

Next generation screening assays 



Structural Biology 

Dhirendra Simanshu 

N 
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Switch II 

RAS Structural Biology 
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Structures available in Protein Data Bank (PDB): 
• HRAS: 120 structures 

• KRAS: 36 structures 

• NRAS: 1 structure 

KRAS bound to GTP analog 
PDB code: 3GFT 

Challenges to targeting RAS cancers 
• No structure of KRAS mutants with any effector or regulator.  

• No structural insights about how RAS activates Raf kinase. 

• No structural information on full-length processed RAS. 

• No structural information on full-length Raf – free or in complex with RAS. 



Structural Biology Goals 

• Determine structures of wild-type KRAS and oncogenic mutants in 
inactive (GDP-bound) and active (GTP/GMPPNP) states 

 G12C  G12D G12V G13D Q61H Q61L 
 

• Determine structures of KRAS complexes with various effectors and 
regulatory proteins to aid structure-based drug design 

– Calmodulin 

– GAPs :  RASA1,  NF1 

– Effectors :  Raf (RBD and Kinase domain, full-length),    PI3-Kinase 

– Farnesyl binding : PDE6δ, smgGDS 
 

• KRAS4a structure – Comparison with KRAS4b 
 

• NMR efforts: processed full-length KRAS bound to nanodisc.   
Que Van at FNLCR 
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Full-length-KRAS-GDP complex 
at 1.6 Ang 

Crystal structures of KRAS in complex with GDP 
and GMPPNP (non-hydrolysable GTP analog) 

KRAS(1-166)-GMPPNP complex 
at 1.35 Ang 

Switch-I    Switch-II     P-loop 

Beryllium CRO 



Comparison of Switch-I conformations suggests 
large inherent flexibility  

KRAS-GDP complex 
KRAS-GMPPNP complex 

Allosteric HRAS-SOS complex 
KRAS-GDP complex 

KRAS-GMPPNP complex 



Structural analysis of KRAS-GDP complex 

Electrostatic surface representation of KRAS-GDP complex 

Enlarged view of the hinge region 

Red - negative charge 
White - neutral 
Blue - positive charge  



Collaborative efforts: RAS Structural Biology 

Agni Ghosh and Steve Almo (Albert Einstein College of Medicine) 

- KRASG12D-GAP complex (RASA1 and NF1) 
 

Carla Mattos (Northeastern University) 

- Calmodulin-KRAS complex 
 

Ken Westover (UT-Southwestern) 

- GDP bound structures of KRAS oncogenic mutants 
 

National Magnetic Resonance Facility at Madison (NMRFAM) 

- NMR structure of processed full-length KRAS bound to nanodisc 



Matt Holderfield 

Targets & Assays 
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CRAF-RBD KRAS 



Avi-KRAS             
   

KRAS-effector binding AlphaScreen assay 

GST-CRAF-RBD 

Avi-KRAS WT 
(GTP) 

1O2 

GST-RBD 

Purified, recombinant protein used for 
KRAS:CRAF-RBD binding assay in 
vitro using AlphaScreen technology 
 
Binding is highly GTP dependent 
 
Assay is ready for pilot screening 

Pete Frank, John-Paul Denson, Maria Abreu-Blanco 



KRAS Nanodisc complex 

Belt protein and lipids self-assemble into bilayer disk 
structures 
 

Farnesylated KRAS self-associates with the lipid 
surface of nanodiscs 
 

His6 tag on the belt protein is available for tag-based 
binding assays such as AlphaScreen 

1O2 

GST-RBD 

Farnesylated 
KRAS 

Maria Abreu-Blanco 

Ulrich Baxa and Que Van 



HRAS-/- NRAS-/- KRASlox/lox  MEFs 
 
Drosten M, Dhawahir A, Sum EY, Urosevic J,  
Lechuga CG, Esteban LM, Castellano E,  
Guerra C, Santos E, Barbacid M. 
EMBO J. 2010 

 

Untreated MEFs G1 arrest (day 19) 

+KRAS 
G12D 

+HRAS 

drug 
sensitivity 

RAS-Dependent MEFs 

+4-OHT  

Re-enter cell cycle 

In the queue: 
KRAS G12V 
KRAS G12C 
 

KRAS G12A 
KRAS WT 

KRAS Q61R 
BRAF V600E 

RB-/- 
P53-/- 

KRAS G12D 
HRAS 

Rachel Bagni, Katie Beam, Dan Soppet, 
Maria Abreu-Blanco, Kanika Sharma 



RAS-dependent MEF Pilot screening results 

MEK/ERK inhibitors are equipotent in 
HRAS-WT and KRAS G12D  

Receptor tyrosine kinase inhibitors preferentially 
inhibit HRAS-WT but not KRAS-G12D 

With NCATS, Ajit Jadhav, Kyle Brimacombe and Anton Simeonov  
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Tommy Turbyville 

Multimerization and Localization Assays 
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Ras-GFP + FTI 



Signal 

Assays for Compounds that Disrupt KRAS 
Signaling 

28 

?? 
1) Membrane localization 

 
2) Multimerization assay 

 
 

1 

2 



Multiwell confocal  imaging 

Localization Assay 
GFP-KRAS-G12V Membrane Nuclei 

Probability Map Mask Segmented Boundary 

Segmentation and Data Analysis Membrane Localized GFP Signal 



d < 10 nm: 
BRET 

d > 10 nm:  
no exchange 

Coelenterazine 

Bioluminescence resonance energy transfer 
(BRET) 

KRAS 

Venus Rluc 

Goal is to develop a primary assay to screen for inhibitors of 
KRAS multimerization. 



BRET Control Saturation Curves 

Kinase domain of RAF 
serves as a positive 
control 

Negative control: Kinase domain of 
RAF does not interact with 
KRAS4bG12D 

Unlabeled KRAS4b disrupts BRET signal 



Gordon Whiteley 

RAS Cell Surface 



Mapping the surface of KRAS cancer cells 
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• Objectives and rationale 
– Survey the surface of KRAS-driven cells to generate a list of proteins 

differentially associated with KRAS phenotype  

– These KRAS associated cell surface determinants could represent new 
targets for 

• antibody-mediated attack 

• immune based therapy 

• nanoparticle delivery 

 

 



Cell Surface Strategy  

• Adapt cell surface protein labeling for mass spec proteomic 
analysis of KRAS cells in vitro and in vivo 
– In house development of “tumor-surface proteomics” 

• Collaborate to use selective panning technologies (phage 
display) to survey the KRAS cell surface 
– Robert Rottapel and Sachdev Sidhu, Univ Toronto 

– Renata Pasqualini, Univ New Mexico (December visit to FNL) 

• Use RNA seq and ER-polysome profiling to predict protein 
complement on KRAS cell surface 
– Martin McIntosh, FHCRC 

• Bioinformatic Approaches 
– Renata Grifantini, Externautics, Italy  (December visit to FNL) 

• Immunotherapy Workshop 
– Elizabeth Jaffe and Bob Schrieber to help organize (at 2015 AACR) 
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Dom Esposito 

Enabling the Community:  
RAS Reference Reagents and Cancer.gov/RAS 

Jim Hartley 



RAS Reference Reagents 

External reagent requests (since July 2014) 
• 15 requests for RRR reagents (clone sets and other items) 

• 8 approved TSAs, 2 approved MTAs, 5 others in progress 

• Fred Hutch, Baylor, Munich, Stanford, MIT, Broad, Northwestern, CRUK 

RAS Initiative support—344 constructs generated since July 2014 
• 212 constructs for protein expression (TBU-C/Project 1) 

• 79 constructs for Project 3 

• 53 constructs for TBU-Z 

RAS Pathway clone set underway (181 clones) 

Kris Wood collaboration underway (200+ cancer toolkit clones) 
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Cancer.Gov/RAS v2.1 



ARAF, BRAF, CRAF 

MAP2K1, 2 

ERK1, 3 

ETS 1, 2, 
FOS, JUN 

PIP3 

PDPK1     AKT1-3 

PTEN 

TSC1,2 

   EIF4EBP1 

RHEB 

MTOR,RPTOR,MLST8     
CCND1 MDM2 

KSR1,2 

HRAS, NRAS, KRAS 

SOS1, SOS2.GRB2.SHC1-4 
RASGRF2 

EGFR, ERBB2, PDGFRA, PDGFRB, MET, ROS1, ALK, FGFR1-4 

Growth factors 

RASA1-3; ARHGAP35 
RASAL1-3 
NF1, SPRED1-3 

TP53 

 DUSP1-6 

SPRY1-4 

RHOA, B, C 

RAC1-3    

RALGDS 

RALA, B 

TIAM1,2 

CDK4, CDK6 

RB1 

PAK1-4 

ROCK1,2 

RASGRP1-4 

PIK3CA,B,D; PIK3R1-
6  

RPS6KA1-6 

PRKAA1,2 
PRKAB1,2 
PRKAG1-3 

STK11 

A RAS Initiative view of RAS signaling: 
An invitation for discussion at Cancer.gov/RAS 
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RAS Community feedback on RAS signaling model: 
 



A RAS Initiative view of RAS signaling: 
v 2.0 at Cancer.gov/RAS 



   

RAS Initiative Oversight Follow-up 



RAS Ad Hoc Working Group Meeting (October 31, 2014) 
–  Action Items 

• Publish protocols for production of fully processed KRAS 
protein and associated structural studies and assays.  
– Manuscript to be submitted by end of February 2015 

• Establish process for collaboration and providing reagents to 
community 
– Processed KRAS will be provided to collaborators 

– Protocols and reagents provided to others 

• Optimize RAS-less MEF screen: understand and eliminate 
sources of variation 
– Use validation inhibitor panels at NCATS 

– Evaluate conditional oncogenic KRAS MEFs (Tuveson) 

• Node-knockdown-based (SiREN) approach will produce a large 
data set that will be discussed at the next Working Group 
meeting. 
– Experiments completed, data analysis ongoing 
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RAS Ad Hoc Working Group Meeting (October 31, 2014) 
–  Action Items 

 
 

 

 
 

 

 
 
 

 

• Node-knockdown-based (SiREN) approach will produce a large 
data set that will be discussed at the next Working Group 
meeting. 
– Experiments completed, data analysis ongoing 
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Rachel Bagni Bob Stephens 



RAS Initiative Postdoctoral Fellowships 
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• Postdoc Program 
– Pancreatic Action Network/FNL Fellows 

• Lynn McGregor (Shokat lab) 

• John Hunter (Westover lab) 

 

 

 

 

 

 

 

 



Interactions with the RAS Community 
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NCI RAS 
Initiative at 

FNL 

Seminars at FNL 
Channing Der, UNC 
Ken Westover, UTSW 
Carla Mattos, Northeastern 
Mark Philips, NYU 
Vadim Gaponenko, U Chicago 
Josh Salafsky, Biodesy 
Calvin Kuo, Stanford 
Kris Wood, Duke 
Mariano Barbacid, CNIO Madrid 
Cyril Benes, MGH 
Carolyn Buser, GSK 
Stephen Sligar, U Illinois 
Raffit Hassan, NCI 
Renata Grifantini, Externautics Siena 
Renata Pasqualini, U New Mexico 
Andrew Bradbury, Los Alamos 
Kent Rossman, U North Carolina 

Recipients of RAS Reference 
Reagents 
Chris Kemp, Fred Hutch 
Eric Chang, Baylor 
Silvia Thone, Munich 
Peter Jackson, Stanford 
Tyler Jacks, MIT 
Calvin Kuo, Stanford 
Bill Hahn, Broad/DFCI 
Karla Satchell, Northwestern 
Julian Downward, CRUK 

Outside collaborators 
Steve Almo, AECOM 
Jim Wells, UCSF 
Channing Der, UNC 
Ken Westover, UT Southwestern 
Carla Mattos, Northeastern 
Steve Sligar, U Illinois 
Jay Groves, UC Berkeley 
Hirsch Nanda, Susan Kreuger, NIST 
John Markley, National Magnetic Resonance 
Facility at Madison (NMRFAM) 
Kris Wood, UNC 
Immuno-MRM of RAS pathway 

Mandy Paulovich, Fred Hutch 
Steve Carr, Broad 
John Koomen, Moffit 

Tina Yuan, Cameron Pitt, UCSF 
Dave Tuveson, CSH 

Information exchanges 
David Weber, U Maryland 
Hirsch Nanda, Susan Kreuger, NIST 
Amanda Altieri, U Maryland 
David Barford, ICR UK 
Bill Sellers, Novartis 
Kurt Auger, GSK 
Paul Cohen, DARPA 
Ian Prior, U Liverpool 
Said Sebti, Moffitt 

RAS workshops 
Synthetic Lethality, January 6-7 2014 
Pathways, June 11, 2014 
Cell Surfaces, July 23, 2014 
2015 AACR Annual Mtg, agenda pending 

NIH collaborators 
Ji Luo, NCI 
Anton Simeonov, NCATS 
Debbie Morrison, NCI 
Rajat Varma, NIAID 
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