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• On the one hand, they have a huge number of degrees 

of freedom, and moreover,  

• the evaluation function is extremely difficult to calculate 

accurately. 

Complexity in biological systems (I) 

Biological systems have the characteristic of having a high 

complexity which leads to two problems:   



• The first problem means that instead of choosing between a few 

alternatives, we have to choose between thousands, millions, billions 

or even powers of ten that can be higher than 10100, which means that 

even the most powerful computer in the world will require astronomical 

times to complete the task. 

Complexity in biological systems (II) 
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thousands, 

millions,  … 



• The second problem, which refers to the evaluation 

function, has been tackled with the use of highly simplified 

models of biological phenomena, which has been able to 

significantly reduce the computational cost of evaluating 

each alternative.  

Complexity in biological systems (III) 
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Simplified models for protein folding 



Examples of complex systems in Structural 

Biology  

Folding Inverse folding Docking 

Clustering Structure-activity and 

structure-property 

relationships 

Sequence alignment 
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The protein folding problem  

Protein folding: 

• The mechanism by which a protein adopts its biologically active 

conformation after biosynthesis. 

• The protein folding problem is essentially a search for the biologically 

active (functional) conformation of a protein (the so-called “native 

state”), for a given sequence of amino acid residues. 
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What is common among these biological 

problems?  

More 

knowledge and 
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biology  
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• The integration of the most robust computational 

techniques for generation, searching, optimization and 

visualization of molecular structures in a single adaptable 

computational framework 

• Such a computational framework must allow the user to 

study and explore complex problems, such as those from 

structural biology, by providing the means to experiment 

with the system and to develop functionalities and 

algorithms to adapt the construct to the singularities of 

the problem. 

The purpose of this work  



The computational approach: Collaborating agents (Corkill, 2003)   
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D: Full-fledged Blackboard agents 



Between bioinformatics applications and multi-

agent systems theory 

Unsolved 

problems in 

structural 

biology 
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bioinformatics 
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multi-agent 
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Our contribution lies here 



Blackboard-based multiagent platform: the 

architecture of bioinformatics framework 
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Blackboard-based multi-agent architecture: the semantics 

for protein folding problem  
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Blackboard-based multi-agent architecture: the 

architectural pattern 



Blackboard-based multi-agent architecture: the 

agents 

Model agent 

Algorithm agent 



Blackboard-based multi-agent architecture:    

models and algorithms encapsulated within agents 

A 2D space, with a square lattice 



2D/3D conformation 

generator agent   

Local coordinate systems 
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Blackboard-based multi-agent architecture:    

models and algorithms encapsulated within agents 



Different types of discrete spaces can be generated in 

Evolution 

2D Squared 2D Triangular 3D Cubic 

Blackboard-based multi-agent architecture:    

models and algorithms encapsulated within agents 



S = PHHHHPHHPHHPHH 

Generation of the 

initial population 
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Blackboard-based multi-agent architecture:    

models and algorithms encapsulated within agents 



Blackboard-based multi-agent architecture:    

models and algorithms encapsulated within agents 
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Blackboard-based multi-agent architecture: the 

virtual laboratory  

  © 2008 DMAS-DCN, UAM-C 



A demonstrative experiment 
 

Sequence: HHHHHHHHHHHHHHHHHHHHHHHHHHH  

Parameters of the experiment: 

   Number of conformations per generation:  300 

   Number of generations to be run by the evolutionary algorithm: 500  

   Genetic operators:  Roulette selection method,  

                                    Single point crossover  and  

   Simple mutation. 

   Other parameters:  Self-avoiding  in the  crossover point  and  

   Elitism  not activated.        









The initial generation 



Two members from the initial generation 













Two members from the initial generation 



Two members from generation 100 



Two members from generation 200 



Two members from generation 300 



Two members from generation 400 



Two members from generation 500 







SELECTED SEQUENCES OF 

HEXAMERIC HP SYSTEMS 
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Search of local determinants of structure 

Hexamer folding in 2D triangular lattice. For the HHHHHH several degenerated 

structures, with the maximum score of 4 can be detected with the use of the platform. A 

minus 1 is added to the score for each H bead with another in a close neighbor point in 

the lattice with no bond between them. Meanwhile for the other sequences varying 

degrees of degeneracy and maximum number of contacts can be tracked. 



Search of local determinants of structure 
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Hexamer folding in 2D square and triangular lattice. Note that with the current fitting 

function the same optimal score can be obtained with close packed (globular) chains 

and with low density (relatively extended) ones, even for short sequences as the 

conformers shown in this figure. This suggest the inclusion of packing indexes in the 

fitting function.  



New molecular indexes Radius of gyration and 

Maximal diameter 
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Algorithm performance 

Folded conformations of varying sequences differing not only in their H/P ratio but also in 

the positioning of the residues. The sequences were constructed trying to yield the 

highest scores possible upon folding into a 2D square, in order to test the performance 

of the platform.  



Looking for optimal generation size and minimum number of 

generations  in a 2D-squared lattice  



Looking for optimal 

generation size and 

minimum number of 

generations  in a 2D-

squared lattice  



Concluding remarks  

• Relatively modest experiments can yield a good amount of 

information to interact with the platform and to provide 

feedback for its adaptation to the particular issue to be 

explored.  

• The bioinformatics platform is designed to incorporate any 

upgrades such as the ones suggested by the results of the 

various experiments. 

• The platform is able to provide and integrate a very useful 

set of tools to the bioinformatics or biologist user to explore 

a great amount of possibilities, incorporating and updating 

an endless amount of indexes, correlations and subroutines, 

depending on the problem under study. 

 

From experiments carried out we can conclude that: 



Concluding remarks  

• The variety of tools will incrementally and opportunistically 

emerge depending on usage of the platform and knowledge 

of the biological problematic to be explored, these can be of 

physical, chemical, statistic and biological nature. 

• Finally, the fine tuning of the gathered tools enables a 

particular accuracy of the solution of each tested problem 

depending on its complexity. In the sense that simpler 

problems will require less tools and complex problems will 

require more of them.  



Concluding remarks 

Description of the protein folding problem in the Evolution virtual laboratory 

Further 

contributions 

Further 

contributions 

Further 

contributions 

Scheme of the different forms of molecular folding representation 

constructed considering, as X-, Y- and Z-axes, the model: 

  Dimensionality (discrete or continuum space),  

  Residue description level (number of different amino-acid types),  

  and 

  Model granularity  (number of beads per monomer), respectively.  

AA stands for amino acid or chain-residue.  

H, N and P for hydrophobic, neutral and polar residues. 



Concluding remarks 

Description of the protein folding problem in the Evolution virtual laboratory 

Optimization 

function 

Algorithm 

complexity 
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