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Overview

 Why predict protein structures?
 Current methods for protein folding simulation
 Case study with coarse-grain optimization

 Genetic Algorithm
 Global Optimization
 Using Uncertainty Descriptions

 Experimental verification of protein structures
 Conclusions
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Introduction to Protein Folding

http://upload.wikimedia.org/wikipedia/commons/3/32/Lego_Color_Bricks.jpg

What is an amino acid and how do they form proteins?
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Introduction to Protein Folding
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Why Predict Protein Structures?
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What gives a protein it’s structure, and how do they do it so efficiently?
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Genetic Algorithm for Structure Prediction

• GA’s can adapt to the 
environment in an 
efficient manner.

• Maintain a population 
of solutions.

• GA increases the 
probability of getting 
to energy minima and 
finding global optima.

http://conflux.mwclarkson.com/wp-content/uploads/2011/09/eldscp2.png

A genetic algorithm will search for the design that 
will give the lowest energy structure
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Models- 2D & 3D lattice structures
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Model: 2D Lattice, Amino Acid Sequence
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Design Equations

 Fitness and Objective:
minimizeTotal energy Potential ( )
 Design variables:

 Shape 
 Amino acid sequence 

 s.t: 
 self-avoiding path (no self-

crossing and not occupying a 
lattice space more than once)

 right angle vertices only 
 adjacent amino acids cannot be 

separated by more than one 
lattice space

, 	
∑ ∣ ∣

∗ 2	 	 2

Total energy: objective function 

,

Energy potential for each amino acid i
in protein chain

min

Penalty function for each amino acid 
That contains a hydrophobic-hydrophobic 
Topological contact
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Genetic Algorithm
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Optimization Procedure

• 20 types of amino acid
• 238 amino acids in protein 

chain
• Population size: 250 
• Generation number: 1000
• Algorithm decides their 

position in lattice

Amino acid Hydropathy
Glycine -0.4
Alanine 1.8
Proline 1.6
Valine 4.2

Leucine 3.8
Isoleucine 4.5
Methionine 1.9

Phenylalanine 2.8
Tyrosine -1.3

Tryptophan -0.9
Serine -0.8

Threonine -0.7
Cysteine 2.5

Asparagine -3.5
Glutamine -3.5

Lysine -3.9
Histidine -3.2
Arginine -4.5

Aspartate -3.5
Glutamate -3.5
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Results – Energy minimization
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2D structure, 1st random child

Energy potential: 3800
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Iterations on 2D Structure
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Results: 2D Structure, 1000th Generation

Energy potential: -267
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Results: 3 D structure 1000th generation 

• 4 alpha helices.
• 2 beta sheets.
• The sequence 

shows 34% 
similarity to 
centaurin-alpha-1.
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Protein Folding

(F)
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Protein Stability:  Who Cares?

Etanercept

A fusion of 
TNFa and the 
Fc domain of 

IgG

Autoimmune 
disease

Monoclonal antibodies
Infliximab

Adalimumab

Bevacizumab
Rituximab

Trastuzumab

Autoimmune 
diseases

Cancer

Many of the recent advances in cancer and autoimmune disease therapy have 
come from biotechnology with the development of protein therapeutics
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Development of Protein Drugs Is Challenging!

 Misfolding and aggregation problems
 Degradation by proteases in the body
 Rapid clearance by kidney filtration
 Immune Responses
 All of these problems relate to protein stability
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General Ways to Increase Protein Stability?

Can we develop general strategies for 
increasing protein thermodynamic stability 
and accelerating protein folding rate?
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Glycosylation and Increased Protein Stability

But, is this 
effect 
generally 
applicable?
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Model System: The WW domain of Pin1

Ranganathan, R.; Lu, K.P.; Hunter, T.; Noel, J.P. Cell 1997, 89, 875-886
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Characterizing the Folding Energetics of WW
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Can Glycosylation Stabilize WW?

-0.70 ± 0.08

i i+3 i+5
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Can PEGylation Stabilize WW?
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PEGylation Stabilizes WW like Glycosylation!
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Do PEGylation and Glycosylation Stabilize 
WW by the Same Mechanism? 

Glycosylation requires specific side-
chains at the i and i+5 positions for 

stabilization to occur
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Do PEGylation and Glycosylation Stabilize 
WW by the Same Mechanism? 

PEGylation is stabilizing regardless of 
the idenities of the i and i+5 position 

side chains
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Do PEGylation and Glycosylation Stabilize 
WW by the Same Mechanism? 

PEGylation? Glycsosylation?
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Conclusion

 Genetic algorithms are robust for minimizing 
energy potential for protein structure 
prediction

 Genetic algorithms predict actual protein 
structure within accepted tolerance

 30-60% accuracy good enough to correlate 
certain experimental results

 Higher accuracy can be achieved by 
incorporating other local interactions among 
amino acids
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Conclusion

 Strategies for increasing protein thermodynamic 
stability

 Methods to accelerate protein folding rate
 Can we combine the two approaches?

 Experimental results
 Numerical simulations


