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While many proteinopathies are caused by sequence mutations removing 
the ability of a protein to assume a specific structure, some of the most 
complex human diseases are not so easily explained. Mutations may not 
invalidate structures populated by the wildtype protein but instead affect 
the rate at which the protein switches between structures. This emerging 
picture of proteins as dynamic systems switching between structures to 
modulate function must be taken into account when studying protein 
structure in disease and therefore demands a comprehensive structural 
characterization only possible through an energy landscape treatment. Only 
sample-based representations of a protein energy landscape are viable in 
silico, and sampling-based exploration algorithms have to address the 
fundamental but challenging issue of balancing between exploration (broad 
view) and exploitation (going deep). We propose here a novel algorithm 
that combines concepts from evolutionary computation and protein 
modeling research to achieve this balance. The algorithm leverages 
experimental structures by using principal component analysis to obtain a 
reduced space from which the algorithm can draw samples. Samples are 
then lifted from the reduced to an all-atom structure space where they are 
then mapped to nearby local minima in the all-atom energy landscape. The 
proposed algorithm is used to make the first steps towards answering the 
question of how sequence mutations affect the function of the Ras protein 
by providing the energy landscape as the intermediate explanatory link 
between protein sequence and function. 
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Principal Component Analysis Results on Ras Proteins. Proteins colored 
green are bound to GDP, Red proteins are bound to GTP, and blue proteins 
are proteins that have been plotted into the space but not used in its 
creation. 
 
The other 41 Ras proteins (blue) were plotted into the PCA space to 
validate that the PCA space adequately captures the structural changes 
found in various Ras conformations. 
 
All of these plotted proteins (blue) had their structure determined after the 
publication of the B. Grant, et al (2009) paper, which included all of the 
Ras structures in PCA analysis that existed at the time. 
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•  Mediates signaling pathways that 
control cell proliferation and 
growth. 

•  Binds GTP/GDP, where GTP puts 
Ras in an active state, and GDP 
puts Ras in an inactive state. 

•  Mutations that affect this GTP/
GDP cycle can lead to cancer. 

–  Mutations that affect this 
GTP/GDP cycle are found 
in over 20% of all human 
cancers. (1) 

•  Many mutations have been studied 
due to the involvement of Ras in 
cancer. 

–  Point mutations such as 
G12V can cause Ras to be 
stuck in an active state (2). 
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Evolu8onary0Search0using0Local0Selec8on0(Cont.)0
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•  Multiple Ras isoforms such as H-Ras, 
K-Ras, N-Ras 
–  Main focus for now is the H-Ras 

isoform. 
•  Sequence similarity is >80% and an 

RMSD of <0.7 Angstroms between 
these isoforms (results calculated by 
PDB website between 4Q21, 3CON, 
and 4EPR). 

•  Overall function for all isoforms is the 
mediation of cell growth and 
proliferation, but the binding partners 
and targets differ between these Ras 
isoforms. 
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–  Mutations may also cause Ras to activate at inappropriate 

times. 
•  Many structures of Ras that contain mutations have been solved and 

deposited in the PDB. 

Conforma8onal0Changes0of0Interest0

GTP"Bound"GDP"Bound"

~1.4Å"

•  Conformational Change between the two functional states is 
very small (~1.4Å). 

•  Need to explore high dimensional structure space of Ras 
protein (498D) while balancing exploration (broad) and 
exploitation (deep) 
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•  Use PC Space to reduce search space 
from 498 dimensions to 10 while 
preserving 90% of the variance of the 
original data set. 

•  Can now explore this smaller 
and reduced space instead 

•  PC1 and PC2 motions correspond to 
know conformational changes between 
GTP and GDP bound states 

•  Searching this space will 
focus on known 
conformational changes 

•  PC space well separates the 2 known 
conformations (GTP and GDP bound) 

•  Evolutionary Search algorithm 
•  Population of 500 structures 
•  100 generations 

•  Use local selection for comparing children to 
parents 

•  Interested in local minima that 
correspond to potential metastable states 

•  Prevents early convergence to global 
minima 

•  For each experimental setting (Ras WT, G12V, and Q61L) all 
structures generated with a Rosetta energy score less than -100 
were used to produce an energy landscape 

•  The same set of structures were then reevaluated by 
Amber for which the values were then used to 
reproduce the energy landscape 

•  4 Energy minima detected in WT landscapes for both 
Rosetta and Amber 
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•  For Evolutionary search need way to 
move between reduced and all-atom 
representation 

•  Use multiscale procedure 
(shown above) 

•  Amber and Rosetta are mostly in agreement about the resulting 
energy landscape 

•  G12V showed very little change in the energy 
landscape suggesting the loss of function by this 
mutation is due to a change in binding affinity  

•  Q61L showed a large change in the energy landscape 
indicating a loss of stability for any structure other 
than the one corresponding to GTP bound 

•  Figure above depicts the gradual convergence as the Evolutionary Search continues 
•  The population clearly converges to multiple locations within the PC space as opposed to a single 

global minima 
•  Each local minima has a slightly different energy depth 

•  Average energy of the population either remains unchanged or decreases with every new generation. 

•  When a global selection operator is 
used, the population converges 
extremely fast 

•  When a local selection operator 
(C25 for our experiments) is used, 
convergence is gradual allowing 
time to converge to local minima. 
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