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Biologia strutturale

La biologia strutturale e una branca della biologia molecolare,
biochimica e biofisica concernente con la struttura molecolare
di macromolecole biologiche — in particolare proteine e acidi
nucleici.

Principali questioni in biologia strutturale
« Come queste macromolecole acquistano la struttura che
hanno?

e Come alterazioni nella loro struttura influenzano la loro
funzione?



Problemi complesi in biologia strutturale

Folding

Inversel_ folding Docking
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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
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Il ripiegamento delle proteine (the protein folding
problem)

Ripiegamento delle proteine:

« E’il meccanismo attraverso il quale le proteine raggiungono la loro
conformazione biologicamente attiva dopo la biosintesi.

» |l ripiegamento delle proteine € essenzialmente un problema di ricerca

dellla conformazione biologicamente attiva di una proteina (il
cosiddetto stato nativo), per una determinata sequenza di residui di

aminoacidi.
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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

Il ripiegamento delle proteina
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Cosa c’e di comune fra questi problemi biologici?

Folding Inverse Docking Clustering i ff(s) Sequence
folding p = f(s) alignment

Modelli, algoritmi di ricerca e ottimizzazione
Incrementali livelli di complessita nella risoluzione del
problema

Algoritmi di Modelli Piu conoscenza _
approssimazione, semplici dei e euristiche Approccio
probabilistici, T provenienti computazionale
dinamica biologici dalla biologia e molto robusto
molecolare, ... la biochimica

Integrazione



La proposta

Gli approcci computazionali alla soluzione dei problemi di folding,
docking e disegno molecolare, per diventare soluzioni robuste ed
efficaci, devono integrare e far interagire diversi modelli, algoritmi e
strategie che permettano una migliore fruizione dei diversi tipi di
conoscenza (biologica, fisica, chimica, molecolare, ecc.) e di abilita
(lattice bead models, off-latice bead models, united atom models,
algoritmi di approssimazione, probabilistici, euristici, evolutivi, ecc.)
che ocorrono per affrontare la gran complessita caratteristica di
questi tipi di fenomeni biologici.

In questo senso, noi postuliamo che un approccio di sistemi
multiagenti / sistemi blackboard sarebbe in grado di fornire una
infrastruttura idonea per raggiungere questo obiettivo.




Fra le applicazioni bioinformatiche e i sistemi
multi-agenti

Noi siamo qui

Biologia / l Sistemi multi-

Problemi non Sviluppo di agenti e sistemi
risolti in applicazioni blackboard
biologia bioinformatiche (principi e teorie)

molecolare




L’approccio multi-agente: Collaborating agents (Corkill, 2003)

Directly interacting

With a Blackboard agent

Agent B Blackboard
Agent A Blackboard Agent B
\ / Agent A

Blackboard Blackboard

agent + A tD
Blackboard gen
Agent C / Contreol Agent C

Blackboard
Agent E

With a Blackboard & control agent Full-fledged Blackboard agents



L’approccio multi-agente / sistemi blackboard

* Questo approccio ha dimostrato di essere un efficace e opportuno
livello di astrazione per la costruzione di modelli di tutta una varieta
di sistemi biologici (Cellulat, 2003).

« Se un agente rappresenta un singolo componente attivo del sistema
(per esempio, proteine o geni), il sistema globale, compreso il
blackboard, cattura l'insieme delle componenti biologiche comprese
anche le strutture coinvolte nella loro interazione (ad esempio, |
compartimenti cellulari, messaggeri intracellulari, ...) portando ad
una accurata e completa simulazione del sistema sotto studio.

* In particolare, il blackboard puo essere adottato per modellare i vari
pattern di interazione che possono essere trovati nei processi
biologici, come lo scambio di informazioni chimiche.




Evolution: architettura

Blackboard and control

Interface

“Agenti” che incapsulano modelli e algoritmi e agenti che stabiliscono
I'interfacia con I'utente.
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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 semantics
for protein folding problem

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

Dal blackboard come struttura biologica al blackboard
come workspace per i meccanismi e modelli

Cellulat (2003)
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Dagli agenti come componenti biologici agli agenti come
repertorio di meccanismi e modelli

Cellulat (2003) Evolution (2008)
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Blackboard-based multi-agent architecture: the
architectural pattern

Interface agent
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Architectural design
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Architectural design
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Model agent

Ab-Conformation-Zeneratar

currentCoardinates : Wector
nemCaoordinates : Wectar
neighborhoodfrea @ Wector

Agenti oppure componenti disaccopiati?

Algorithm agent

Selection-Operatar-Agent

mowveStraigtond ;o woid
moveRight) : woid
moveleft]) : waid
movedpl) : vaid
moveDownd) © woid
selffvoiding(l : woid
backtracking() : waid

current@eneration : Wectar
selectedCandidates ; Wector

rouletteSelection] : waid
tournamentSelection (1 waid
topPercentSelection) : woid
populationDecimation() : wvoid




Modelli ed algoritmi incapsulati negli agenti

A 2D space, with a square lattice
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Modelli ed algoritmi incapsulati negli agenti

Local coordinate systems

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

3D

{x, y, Z}n-2 \ .
2D/3D conformation

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

{U,D, L, R, F}?2 b ¢
{R, L F}n-2




Modelli ed algoritmi incapsulati negli agenti

Different types of discrete spaces can be generated in

Evolution
C T n—i?i
e ®» < =%
o8 [ % <7

2D Squared 2D Triangular 3D Cubic



Modelli ed algoritmi incapsulati negli agenti

, Mutation
New population of operator
conformations

S = PHHHHPHHPHHPHH Cy=12 3231

C, =2323112221 Crossover operator
(step 2)

C, = 233223112123 . = 23p22311p123 |
C, = 122311223231 | C,=12p31122p231 |

Generation of the
initial population

C,=233223112123

Crossover operator
C,=122321122312 (step 1)
C; = 211232331212 Evaluation of the
fitness function
C, = 322132113221 P



Modelli ed algoritmi incapsulati negli agenti

Model 1: the traditional model

b =f(€)=2n: Zn:ez‘inj

i=1 j=i+l

e, =—1.0 e,,=00e,,=0.0

B {1 if i and j aretopological, but not sequence neighbours

J 0 otherwise

Model 2: there is a reward for PP bonds
F=fle)=2 2 e,

i=1 j=i+l
ey =—1.0 e, =0.0e,, =-0.50r7?7?

ij

_|Lif i and j aretopological, but not sequence neighbours
|0 otherwise




Verso un vero approccio multi-agente
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Blackboard-based multi-agent architecture: the
virtual laboratory
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B Computational Framework for Modeling and Simulation of Biological Problems g@

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 and
not activated.
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<] Computational Framework for Modeling and Simulation of Biological Problems E]@

Project | Run Tgels About
Mew 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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B Computational Framework fr  ~deling and Simulation of Biological Problems E]@
Run Application AR Evolution

View Results ramework for Protein Folding Problems

Select the Model and Algorithm to Run:
HF Seduence:

Latfice, Lattice
Lattice
F.un Genetic Algorithm
2D Square

Partial Progress 2D Triangle

30 Diamond
Total Progress

r

|E| Choose the number of conformations to generate:

Aceptar Cancelar
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sa8iFramework for Protein Folding Problems

Generation charts Evolution charts
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The initial generation

Visualize Blackboard Levels g E’

Generation charts Evolution charts
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Two members from the initial generation
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B visualize Blackboard Levels AEE

Generation charts Ewvolution charts

Conformational Space Algorithm Worksapce Genetic Immigration
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Generation charts Evolution charts
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B visualize Blackboard Levels g"

Generation charts Evolution charts
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276 to 299
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B visualize Blackboard Levels

Generation charts Evolution charts
Conformational Space Algorithm Worksapce Genetic Immigration
Amino Acid Sequence “ou have not introduced an Aminoacid Secuence
HP Sequence HHHHHHHHHHHHHHHHHHHHHHHHHHH

56 to 110

G 300, C 88 G 300, C 91

Two members from generation 300
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Search of local determinants of structure

SELECTED SEQUENCES OF
HEXAMERIC HP SYSTEMS

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

Folded-1 score (-1)

Folded score (-2)
Partially folded

score { -2)

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

score ( -1) core ( -2)

R

hepHAH_| HppHPR

heHpHH | pHpPHR

een | prperp il
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.




Algorithm performance

Sequence 1 Sequence 2 Sequence 3 Sequence 4 Sequence 5
HPPHPHPHP HHPHPHPHP HPPHPHPHH HPPHPHPHP HHPHPHPHH
P P— P P——H —(P H e P——H —IP P—— H— P
H oo Hooee H - |-| —— H , RS Hoooes H P |-| -------- H H ... H: ........ H
p—;-|—p P—H:—P P—H:—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 ... 4] pumnny H——H [P F"—H:—P
H. ... H ........ H H. ... H ... H H H — H T """" H —
P—I-:l—P P —H ... H H—I-;—H Piﬂ:iH
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.



Conclusioni

Description of the protein folding problem in the Evolution virtual laboratory

Madel
Granularity

Further
contributions

Further
More than one contributions

head per AA I

One bead per AA

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),
Continuum Residue description level (humber 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.




Conclusioni

Dagli esperimenti effettuati possiamo concludere che:

« Esperimenti relativamente semplici possono produrre una
buona quantita di informazioni per interagire con la
piattaforma bioinformatica e forniscono un feedback per il
suo adeguamento al particolare problema ad essere
esplorato.

« La piattaforma bioinformatica € stata progettata per
integrare eventuali aggiornamenti, come quelli suggeriti dai
risultati dei vari esperimenti.

« La piattaforma e in grado di fornire e integrare una serie di
utili strumenti permettendo al utente (bioinformatico o
biologo) di esplorare una grande quantita di possibilita nel
problema sotto studio.
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