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“Everything that living things do can be understood in terms 
of the jigglings and wigglings of atoms.” – Richard Feynman 

Lange et  al. (2008) 
Science 320:1471 



Intrinsically disordered proteins 
 

• Highly flexible – lack stable, folded globular structure 

• 1/3 of eukaryotic proteins predicted to contain long 
disordered regoins (Ward et al, JMB 2004) 

• Important biological functions, in particular regulatory 
roles associated with interactions 





Proteins conformational changes upon 
binding 



As(observed) 
As(predicted) 

Arel= 

High Arel=> exposing too much surface area for a 
folded monomer 

 
-correlates strongly with intrinsic flexibility 



Flexibility 
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Intrinsic flexibility strongly correlates with the magnitude 
of conformational change 



30% of subunits have  Arel > 1.2 and RMSD > 5 A 

Large conformational changes upon binding are common 



http://www.nimr.mrc.ac.uk/research/paul-driscoll/ 

Evolutionary dynamics 

http://www.nimr.mrc.ac.uk/research/paul-driscoll/
http://www.nimr.mrc.ac.uk/research/paul-driscoll/
http://www.nimr.mrc.ac.uk/research/paul-driscoll/


Science (1987) 235:318-321 

“The conformational space sampled by the simulation is 
similar to that found in the evolutionary development of the 

globins.” 



Intrinsic dynamics 



Evolutionary dynamics 

Evolutionary dynamics resemble intrinsic dynamics! 

Intrinsic dynamics 



Evidence from flexible backbone protein design... 

Flexible backbone Fixed backbone 

Designed sequence 
diversity 

Incorporating backbone flexibility into flexible design captures 
the natural sequence diversity of protein families 

Designed sequence 
diversity 
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Accurate ensemble models do even better! 



Disordered regions 
evolved more 
rapidly in 22/26 
families studies 

Evolution of intrinsically disordered proteins... 



“…the solvent accessibility status of a site has a particularly 
strong association with the process of amino acid replacement 

that it experiences.” 

Genetics (1998) 149:445 



Flexibility is largely determined by local contact density! 



Contact density 
More constrained: 
-less flexible 
-slower evolution 

Less constrained: 
-more flexible 
-faster evolution 

A simple explanation for the correspondence between 
structural and evolutionary dynamics? 





Homology to the largest interface is common  

Evolutionary pathways can be predicted! 



Homology to the largest interface is common  

Evolutionary pathways can be predicted! 





Macromolecular mass spectrometry 



Complexes with characterised assembly pathways - agreement with 

predictions 



Residue co-evolution: protein dynamics and 
allostery  

Marks et el. PLoS ONE, 2011 



Science (1999) 286:295 

Statistical coupling analysis or SCA is a technique used 
in bioinformatics to measure covariation between pairs 
of amino acids in a protein multiple sequence 
alignment (MSA). More specifically, it quantifies how much the 
amino acid distribution at some position i changes upon a 
perturbation of the amino acid distribution at another 
position j. The resulting statistical coupling energy indicates 
the degree of evolutionary dependence between the residues, 
with higher coupling energy corresponding to increased 
dependence. 

From Wikipedia: 

Residue co-evolution: protein dynamics and allostery  

http://en.wikipedia.org/wiki/Bioinformatics
http://en.wikipedia.org/wiki/Covariation
http://en.wikipedia.org/wiki/Amino_acids
http://en.wikipedia.org/wiki/Amino_acids
http://en.wikipedia.org/wiki/Amino_acids
http://en.wikipedia.org/wiki/Multiple_sequence_alignment
http://en.wikipedia.org/wiki/Multiple_sequence_alignment
http://en.wikipedia.org/wiki/Multiple_sequence_alignment
http://en.wikipedia.org/wiki/Multiple_sequence_alignment
http://en.wikipedia.org/wiki/Multiple_sequence_alignment


Tightly coupled energetic network between distant residues 



Statistical coupling 

Double mutant 
cycle coupling 



Support from NMR experiments… 



Correlated evolutionary dynamics correspond to internal protein motions 



Further studies 



Evolutionary dynamics reflect 
structural dynamics 

• Correspondence between intrinsic dynamics and 
“evolutionary ensembles” 

• Protein design with flexible backbones shows 
similar sequence diversity to natural families 

• Intrinsically disordered proteins evolve faster 
than folded proteins 

• Homeric complex assembly pathways follow 
evolutionary pathways 

• Residue co-evolution identifies long-range 
correlated motions 


