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The Protein Folding Problem 

 Anfinsen’s Folding Postulate: The information needed to specify 
the complex three-dimensional structure of a protein is contained in 
its amino acid sequence. – Anfinsen et al. (1961) PNAS, 47, 1309-
1314. 

Hydrophobic residues 
Hydrophilic residues 
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Protein Folding Energy Landscape 

Golf course Rugged Funnel 

 Levinthal's Paradox: It's impossible to search the whole 
conformation space. The folding must be following a path, therefore 
under kinetic control and there must be intermediates. But the 
refolding experiment clearly indicates that the thermodynamic 
equilibrium has been reached. – Levinthal (1968) J. Chem. Phys., 
65, 44-45. 

Dill & Sun (1997) Nat. Struct. Biol. 4, 10-19. 

3198 /1012  ≈ 1082 S ≈ 3x1074Y  >> 1.4x1010Y (age of the universe) 

For example: a protein of 100 aa will take ~1074 years to fold assuming 3 
possibilities for each dihedral and picosecond sampling rate. 
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Challenges in protein structure prediction 

• Energy function: Not accurate 
– Quantum mechanics (accurate but too slow) 

– Molecular mechanics (Newtonian) 

– Heuristic (fast but inaccurate) 

• Conformational space: Astronomical 
      For a 100 aa protein, 99 peptide bonds, 198 φ & ψ 

dihedrals, assume 3 possibilities for each dihedral, 
one FLOP on K-computer to evaluate each 
conformation, it will take: 

      3198 /1016  ≈ 1078 S ≈ 3x1070Y  >> 1.4x1010Y (age 
of the universe) 
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Fragment assembly approach to 
protein structure prediction 

Bowie & Eisenberg (1994) PNAS, 91, 4436-4440. 

Simons, etal. & Baker (1997)  JMB, 268, 209-225. 
Kuhlman, etal. & Baker (2003) Science, 302, 1364-1368. 

http://www.bi.a.u-tokyo.ac.jp/~shugo/3d_prediction.html 
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The Rosetta Structure Prediction Protocol 

1. Fragment 
Assembly 

2. Core packing 
optimization 

3. High resolution 
refinement 

Das & Baker (2008) Ann Rev Biochem, 77, 363-382.  

Coarse-grained model All-atom model 

Energy  
function: 
       Heuristic 
Conformational  
search:  
       Monte Carlo 
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Estimation of Distribution Algorithm 

Johann Dréo, http://en.wikipedia.org/wiki/ 
File:Eda_mono-variant_gauss_iterations.svg 

O:     global minimum 
U:     uniform distribution 
N:     normal distribution 
P:     a population of  
         solutions 
PS:   a sub-population of 
         good solutions 
PDe: estimated 
         distribution with PS 
PDu: new distribution 
         used for next round 
         of sampling 

ƒ(x) 

x 
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EdaFold – Protein Folding with 
Estimation of Distribution Algorithm 

1 2 3 4 

Estimation on coarse-
grained models 

Simoncini, Berenger, Shrestha & 
Zhang (2012) PLoS ONE, 7, e38799 

http://www.riken.jp/zhangiru/software.html 
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Energy improvement on coarse-grained 
models 
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RMSD improvement on coarse-grained 
models 
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Energy landscape of coarse-grained models 

EdaFold Rosetta 

RMSD to native (Å) 
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Compare coarse-grained models 
generated by EdaFold and Rosetta 
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EdaFold II – Protein Folding with 
Estimation of Distribution Algorithm 

1 2 3 4 

Estimation on all-
atom models 
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Energy distribution of all-atom models 

1BQ9 
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Quality distribution of all-atom models 

1BQ9 
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Energy landscape of all atom models 

EdaFold iteration 1 EdaFold iteration 4 
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Performance of EdaFold and Rosetta 
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Performance of EdaFold and Rosetta 
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