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Complexity in biological systems (I)

Biological systems have the characteristic of having a high
complexity which leads to two problems:

« 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 (lI)

« 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 101%°, which means that
even the most powerful computer in the world will require astronomical
times to complete the task.
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Complexity in biological systems (lll)

« 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.

Simplified models for protein folding




Examples of complex systems in Structural

Folding

Biology

Inverse folding Docking

meaiakydfk ataddelsfk
... gtgmfprnyv tpvnrnv

mteyk.
... kskakcvvm

..vg ... iglignhfvd

Clustering

mte... aggvgksalt
iglignhfvd ... ksk.. vvm

Structure-activity and
structure-property
relationships -

Sequence alignment

activity = f (structure)
activity =c, +c¢,MD, +¢c,MD, +---+¢c,MD,

property = f(structure)
property =c, +c¢,MD, +¢,MD, +---+¢ ,MD,



http://www.ncbi.nlm.nih.gov/Structure/mmdb/mmdbsrv.cgi/mmdb.cn3/?cmdMmdb=View3D&Complexity=3&dopt=j&save=Viewer&uid=41142
http://www.ncbi.nlm.nih.gov/Structure/mmdb/mmdbsrv.cgi/mmdb.cn3/?cmdMmdb=View3D&Complexity=3&dopt=j&save=Viewer&uid=46759
http://images.google.com.mx/imgres?imgurl=http://www-personal.umich.edu/~lpt/fgf/fgfrcomp_files/Snap1.gif&imgrefurl=http://www-personal.umich.edu/~lpt/fgf/fgfrcomp.htm&usg=__gwtISuHKdoIJbPXcv3tY0wQljAE=&h=599&w=753&sz=137&hl=es&start=2&um=1&tbnid=kHhwSI_f-bOXXM:&tbnh=113&tbnw=142&prev=/images%3Fq%3Dsequence%2Balignment%26hl%3Des%26sa%3DG%26um%3D1

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.

meaiakydfk ataddelsfk mddsevesta silasvkeqge mteyklvvvg aggvgksalt
.. qtgmfprnyv tpvnrnv drsgdligdme ... plkgapimqgk i iglignhfvd ... kskakcvvm



http://www.ncbi.nlm.nih.gov/Structure/mmdb/mmdbsrv.cgi/mmdb.cn3/?cmdMmdb=View3D&Complexity=3&dopt=j&save=Viewer&uid=41142
http://www.ncbi.nlm.nih.gov/Structure/mmdb/mmdbsrv.cgi/mmdb.cn3/?cmdMmdb=View3D&Complexity=3&dopt=j&save=Viewer&uid=43951
http://www.ncbi.nlm.nih.gov/Structure/mmdb/mmdbsrv.cgi/mmdb.cn3/?cmdMmdb=View3D&Complexity=3&dopt=j&save=Viewer&uid=46759

What is common among these biological
problems?

Folding Inverse Docking Clustering aif(s) Sequence
folding p =1(s) alignment

Search and Optimization

Simplified More
Approximation models of knowledge and
algorithms biological heuristics from
phenomena biology

Robust
computational
approach

Integration



The purpose of this work

« The integration of the most robust computational
techniques for generation, searching, optimization and
visualization of molecular structures in a single adaptable
computational framework

e 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 computational approach: Collaborating agents (Corkill, 2003)

Agent B
\ -

A: Directly interacting

Blackboard
agent +

Agent B
Agent A \
/
Control

Agent C /

C: With a Blackboard & control agent

Blackboard Pad A9entD

T,

Agent E

B: With a Blackboard agent

Agent C /

Blackboard

Blackboard Agent B

Agent A

Blackboard

Agent D

Blackboard
Agent C

Blackboard
Agent E

D: Full-fledged Blackboard agents



Between bioinformatics applications and multi-
agent systems theory

Our contribution lies here

Unsolved

problems in Development of

bioinformatics Blackboard and

structural multi-agent
biology

applications
PP systems theory




Blackboard-based multiagent platform: the
architecture of bioinformatics framework

Blackboard (data sharin
Agents ( 9 Agents

Interface




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

Blackboard
3D structure
level v Structure visualizer
- agent
Plausible Probabilisti
conformation robabilistic
agent
level :
Genetic agent -
— , Probabilistic
Algorithm . Qent
workspace ; Genetic agent
I —aaTlistic
_ agent
. Genetic agent
Conformationa
| space level
2D/3D
conformation
HP sequence generator agent
level HPPPPHHHHH HHHHHPPHHP ... HHH
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Amino acid mteyklvvvg aggvgksalt ... generator agent
Sequence kskakcvvm

level


http://www.ncbi.nlm.nih.gov/Structure/mmdb/mmdbsrv.cgi/mmdb.cn3/?cmdMmdb=View3D&Complexity=3&dopt=j&save=Viewer&uid=58566

Blackboard-based multi-agent architecture: the
architectural pattern

Interface agent

30 structure
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Model agent

Z0-Caonformation-Genearatar

currentCoordinates ; Wectar
nemCoordinates ; Wectar
neighborhoodArea : Wector

Blackboard-based multi-agent architecture: the
agents

Algorithm agent

Selection-Operator-Agent

mowveStraigtonl ;o void
moveRight] : waid
moveleft] ; waid
movedpll : waoid
moveDown) ;- woid
selffvoidingd : woid
backtracking : waid

currentGeneration ; Wector
zelectedCandidates ; Wectar

rouletteSelection) : vaid
tournamentSelection O waid
topFPercentsSelection() : woid
populationDecimation) : woid




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

A 2D space, with a square lattice

Straight on

Beginning (—A—\
sequence . . A/
/ Right

— \ Right

Beginning
sequence

Neighbors in the sequence

Right (3) Topological <— End sequence
neighbors

a)



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

Local coordinate systems

2D
{R, L, F}n2 S = PHHHHPHHPHHPHH

S il |
{X! yv Z}n-2 \
2D/3D conformation
/ generator agent

{U,D, L, R, F B}

3D I y

3D
{U,D, L, R, F}n2




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

_ Mutation
New population of operator
conformations
Crossover operator
(step 2)

S = PHHHHPHHPHHPHH =12 3231
23112221

Generation of the
initial population

C, = 122311223231 C, = 12p3112

C, =233223112123

Crossover operator
C, = 122321122312 (step 1)

C;=211232331212

Evaluation of the
fitness function

Selection
operator

C, =322132113221



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

Model 1: the traditional model

=3 Ye,

i=1 j=i+l
=-10 e,=0.0e, =0.0
1if 1and j aretopo logical, but not sequence neighbours
1= {O otherwise

Model 2: there is areward for PP bonds

=3 e,

i=1l j=i+l
e,y =—10 e,=00 e, =-0.50r77?

_|1if Tand j aretopo logical, but not sequence neighbours
" |0 otherwise




Blackboard-based multi-agent architecture: the
virtual laboratory

gical Problems

Evolution
ramework for Protein Folding Problems

o \‘ .
— [ ! B Fitness Chart
{ / Generations
-

B Run Application

charts Evolution charts

nformational Si Algorithm Worksapce Genetic Immigration

Partial Progress

Total Progress



F ol
[ <] Computational Framework for Modeling and Simulation of Biological Problems E@

Project Run Tools About

Evolution
An Adaptable Framework for Protein Folding Problems

A demonstrative experiment

Sequence:
Parameters of the experiment:
Number of conformations per generation:
Number of generations to be run by the evolutionary algorithm:
Genetic operators: method,
and

Other parameters: in the
not activated.

and
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Project | Run Tggls About
New Projec
Open Projec

Evolution
Framework for Protein Folding Problems

What kind of sequence do you want to enter?

® HP Sequence ' _ Amino Acid Sequence

HHHHHHHHHHHHHHHHHHHHHHHHHHH

OK From File
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Run Application AtF Evolution

View Resuilts ramework for Protein Folding Problems

Select the Model and Algorithm to Run:
HF Sequence:
Latdce: Lattice
Run Genetic Algorithm

Partial Progress

Total Progress

r

E' Choose the number of conformations to generate:

Aceptar Cancelar



Generation charts Bvolution charts

Conformational Space Algorithm Worksapce Genetic Immigration
Amino Acid Sequence “vou have not introduced an Aminoacid Secuence

HP Sequence HHHHHHHHHHHHHHHHHHHHHHHHHHH
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The initial generation

B visualize Blackboard Levels E] Eﬁ

Generation charts Evolution charts

Conformational Space Algorithm Worksapce Genetic Immigration
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Two members from the initial generation
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Project | Run

Tools About

Run Application Evolution

Ml S SFramework for Protein Folding Prgblems

B run Application g@
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Aceptar Cancelar
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B vVisualize Blackboard Levels

Generation charts Evolution charts

Conformational Space Algorithm Worksapce Genetic Immigration
Amino Acid Sequence  You have not introduced an Aminoacid Secuence
HP Sequence HHHHHHHHHHHHHHHHHHHHHHHHHHH
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Two members from generation 100
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Amino Acid Sequence You have notintroduced an Aminoacid Secuence
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B visualize Blackboard Levels

Generation charts Evolution charts
Conformational Space Algorithm Worksapce Genetic Immigration
Amino Acid Sequence You have notintroduced an Aminoacid Secuence
HP Sequence HHHHHHHHHHHHHHHHHHHHHHHHHHH

56 to 110
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Two members from generation 300
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Conformational Space Algorithm Worksapce Genetic Immigration
Amino Acid Sequence You have notintroduced an Aminoacid Secuence
HP Sequence HHHHHHHHHHHHHHHHHHHHHHHHHHH

221to 275

G 400, C 221 G 400, C 240

Two members from generation 400



]
B visualize Blackboard Levels

Generation charts Evolution charts
Conformational Space Algorithm Worksapce Genetic Immigration
Amino Acid Sequence You have notintroduced an Aminoacid Secuence
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Search of local determinants of structure

SELECTED SEQUENCES OF
HEXAMERIC HP SYSTEMS

HHHHHH | PPHPHH
PHHHHH | PPHHPH
HPHHHH | PHPPHH
HHPHHH | HPPPHH
PPHHHH | HPHPPH
PHPHHH | PHPHPH
PHHPHH | HPPHPH
PHHHPH | HHPPPH
PHHHHP | HPPPPH
HPPHHH HPPHPP
HPHPHH PHPPHP
HPHHPH | PHHPPH
HHPPHH PPPPPP

Hexamer folding in 2D triangular lattice. For the 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

SELECTED SEQUENCES OF
HEXAMERIC HP SYSTEMS
HHHHHH | PPHPHH -
PHHHHH PPHHPH Folded-1 score (-1)
Folded score (-2)

HPHHHH PHPPHH
HHPHHH HPPPHH

PPHHHH HPHPPH
PHPHPH
HPPHPH

PHPHHH
Folded-2 score (-1) Partially folded Partially folded

PHHPHH
PHHHPH HHPPPH score (-1 score (-2
HPPPPH

PHHHHP
HPPHPP
PHPPHP -
PHHPPH Folded score (-1)

HPPHHH
Partially-folded-1 Partially-folded-2

HPHPHH

HPHHPH

HHPPHH PPPPPP score ( -1) score { -1)
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.

Partially folded
score { -2)




New molecular indexes Radius of gyration and
Maximal diameter

VI, T 1,]=212,---,N, where

I :(Xi’yi’zi)’ I, :(inyj1zj)
calculate d; :d(ri,rj)




Algorithm performance

Sequence 1 Sequence 2 Sequence 3 Sequence 4 Sequence 5
HPPHPHPHP HHPHPHPHP HPPHPHPHH HPPHPHPHP HHPHPHPHH
P P—— P P——H —P H P —P P— H—(P P H P
| [— H ........ H R |.| ——H ol - H. ........ H P |-| -------- H H ..... H: ........ H
P—;-l—p P—H:—P P—HE—P P H— (P P—— H .. H
Score -3 Score -3 Score -3 Score -3 Score -4
4H/5P 5H/4P 5H/4P 4H/5P 6H/3P
Sequence 6 Sequence 7 Sequence 8 Sequence 9
HHHHPHPHH HHPHHHPHH HHHHHHPHH HHHHHHHHH
H—— H H H .. .. -] pummmeny H——H —P I"—H:—P
[ Ho H H. ... H ....... H H oo H —— H T """" H —
P—I-:I—P P —H ... H H—I-;—H P—H:—H
Score -4 Score -4 Score -4 Score -4
7H/2P 7H/2P 8H/1P 9H/0P

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 and
In a 2D-squared lattice

Some of the HP sequences assaved

HPPHFTHPPH HPHPFHPPHPH HHFHHPHPHH

HPFFPHPFFHFTTH HPFHPHFPHIFHPH HFHHPFHHPHHFPH
HPPHPFFHPPHPTTH HPHFHPHPFTHPHPH HHFHHPFHHPHHPHH
HPPHFFHPPHPFPHPPH HPHFHPHPFHPHPHFH HHPFHHPHHPHHPFHHFPH
HPPHFFTHPPHPPHPTTH HPHFHPHPHPPHIHPHPH HPHHPHHPFHHPHHPHHPH

HPPHFFHPPHHPPHPPHFTH HPHPHPHPHPPHPHPFHPHPH HHFHHFHPHHHHPHHPHPHH




(HPPHPPHPPHPPHPPH), H/P=1/2 (HPHPHPHPPHPHPHPH), H/P=1

Looking for

and

i n a 2 D' PEOfRILE) score (-7)
Sq uared Iattice (HHPHHPHHPHHPHHPH), H/P=2/1

Some of tl|
L HP =112
10 HPPHPPHPPH E
12 HPPFHPFHPFTH HE
14 HPPHPPHPPHPPPH HPL degenerated structures with score (-7)
16 HPFPHPPHPPHPPHPPH HPHPHPHPFHFHFHPH HHPHHFHHFHHPHHFPH
18 HPPHPPFHPPHPPHPPPH HPHPHPHPHFFHPHPHPH HPHHPHHPHHFHHPHHPH
20 | HPPHFFHPPHHPPHFFHFTH HPHPFHPHPHFPHPHPFHPHPH HHPHHPFHPHHHHPHHFHPHH




Concluding remarks

From experiments carried out we can conclude that:

* 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.



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

Madel
Granularity

All atom

Further
contributions

Further
More than one contributions

bead per AA I

One bead per AA A Residue

Further — *  Description
Discrete 2D Level

contributions
Discrete
3D cubic
/ Scheme of the different forms of molecular folding representation

Discrete 3D . .
Tetrahedric constructed considering, as X-, Y- and Z-axes, the model:

Dimensionality (discrete or continuum space),
Cositita Residue description level (number of different amino-acid types),
Model and
Dimensionality Model granularity (number of beads per monomer), respectively.
(space type) 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 A

F=1(e) +g(Ry) + N(Dpax)

. Further
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