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Focus on in-built vulnerabilities: Advancing drug discovery through a detailed understanding 
of target dynamics, membrane engagement, and interactions with partners 

  

Conceptual innovation—five ways of drugging KRAS: We were the first 
to recognize that RAS has two lobes engaged in long-range coupled 
motions30, and its differential dynamics in solution and when membrane-
bound (reviewed in33-35). These insights led us to propose early on that RAS 
can be made druggable using the concepts of conformational selection and 
allostery4. As already noted, RAS allostery is now well-accepted following the 
subsequent identification of allosteric binding sites and inhibitors by us and 
other groups. We previously showed that inhibiting GEF-mediated KRAS 
activation is a valid approach to inhibiting oncogenic KRAS signaling7. In 
fact, most published inhibitors including those in clinical trial primarily reduce 
the rate of GEF-mediated KRAS activation (mechanisms 2 in Fig 2). Others 
including C11 (Fig 3) disrupt effector binding (mechanism 1). Our preliminary 
studies suggest that it may be possible to find ligands that accelerate the rate 
of GAP-mediated GTP hydrolysis by KRAS (mechanism 3). Alternative ways 
of inhibition have emerged from our original work on RAS membrane 
reorientation29,44-46 (also ref.47), and dimerization/clustering48-53. Indeed, initial 
experiments suggest that a derivative of one of our existing  compounds 
disrupts dimerization of KRASG12D with IC50 ≈ 3µM (mechanism 4), consistent 
other reports54-55. Compounds that stabilize KRAS in membrane orientations 
incapable of effector binding (mechanisms 5) have also been reported56,57. 
These insights form the conceptual basis of the current grant application. 
Technical innovation—from atomistic simulations, molecular docking to cell biology: A key technical 
innovation is the development of a unique, computation-guided experimental workflow for ensemble-based 
KRAS drug discovery9. In preliminary studies, this workflow yielded a ~10% 
success rate of predicted-to-confirmed KRAS binders and, importantly, several 
promising initial leads4,5 (Fig 3). For example, the pyrazolopyrimidine-based 
compound 11 binds to GTP-KRAS with sub-µM affinity, disrupts effector 
binding (mechanism 1 in Fig 2), reduces signal transduction through KRAS, 
and inhibits cancer cell growth10. Other compounds, including E22 (Fig 3) and 
U6 or V14 (not shown), inhibit KRAS signaling through various mechanisms 
including through effect on GEF-mediated GDP/GTP exchange. These 
examples highlight our success in generating a novel KRAS-focused library of 
drug-like molecules using ensemble-based virtual screening, and in conducting 
pilot studies to assess the potential of the library to yield viable hits. The 
examples also demonstrate the feasibility of our biophysical and cell-based 
assays for the proposed screening and validation studies.  
A collaborative team of experts: We have assembled a very strong team of 
experts in computational and experimental biophysics, biochemistry, cell 
biology, and chemistry. The PI has worked on RAS proteins for over 14 years, 
as have his long-time collaborators Drs Hancock (over 30 years), Zhou (10 
years) and Putkey (6 years). The PI and Dr Gilbertson have collaborated since 
2019 on the synthesis and testing of new molecules based on existing leads. A 
team with such experience, history of collaboration and expertise across 
disciplines is ideally suited to execute the diverse set of experiments outlined in the application.   
C) APPROACH  

Our integrated computational and experimental workflow for the discovery of allosteric non-covalent 
KRAS inhibitors has been described previously (ref.9). Its key components relevant for the current application 
are summairzed in Fig 3 (see also Fig 5), and include similarity searches, chemical synthesis, screening, and 
validation stages of discovery research. Below we briefly review the published aspects of the workflow, 
specifically the simulation/computational structural work and the resulting pocket-focused ligand library.  
C.1) Background: In silico analyses of KRAS pockets and design of a focused ligand library  
The druggability profile of allosteric pockets on KRAS. We reported in 2011 and reiterated throughout 
2014-2017 that there are four bona fide allosteric pockets on KRAS: p1-p4 (Fig 4)9,10,58-61. The druggability of 
these pockets depends on their chemical and geometric features, which are affected by backbone and side 
chain conformational fluctuations. Accounting for these fluctuations increases the success rate of structure-

 
Fig 3. Integrated computational 
and experimental workflow for the 
allosteric inhibition of KRAS, 
spanning the primary screen and 
hit validation stages of a typical 
drug discovery pipeline. Also 
shown are the chemical structure 
of two examples, compounds 11 
and E22, that have been 
discovered during a pilot 
screening of the tailored library. 
 

Fig 2. The GTPase cycle, 
membrane binding/ reorientation 
and dimerization of KRAS, and five 
mechanisms by which an allosteric 
inhibitor may impact KRAS 
functions: (1) inhibiting effector 
binding; (2) preventing activation by 
GEFs; (3) accelerating GTP 
hydrolysis; (4) destabilizing dimers/ 
oligomers; and (5) stabilizing non-
signaling (occluded) orientations.  
  


