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Protein folding

@ Proces skladani prostorového tvaru proteinu (terciarni
struktura)

o Struktura — funkce



Protein folding

Predikce vs. experimentalni pristup

@ Sekvenci aminokyselin proteini Ize snadno precist ze sekvence
nukleotidd DNA

@ Pouze zlomek proteinil se zndmou sekvenci ma objasnénou
strukturu

@ Problém je precist informaci o prostorové struktufe proteinu ze
sekvence aminokyselin

o Ohromné mnozstvi konformaci proteinu
o Je obtizné vytvorit realisticky model vodného prostredi



Rosetta

Rosetta

o Baker laboratory (University of Washington)

@ Algoritmus pro predpovéd struktury proteinu ze sekvence de
novo

@ Softwarovy balik s mnoha funkénimi moduly: Rosetta ab initio,
RosettaNMR, RosettaDesign, RosettaDoc, Rosetta Fragment
Selection, Rosetta Ligand, RosettaMembrane...
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Rosetta

@ Ab initio vs. de novo modelovani

"Od pocatku"

Sekvence aminokyselin obsahuje informaci o strukture proteinu
Snaha najit stav s nejnizsi energii

Potreba zredukovat ohromné mnozstvi konformaci

Potreba ohodnotit jednotlivé stavy (funkce pridélujici skére na
zakladg energie)



Rosetta

Odvozeni ahlt mezi aminokyselinami v polypeptidové kostre

@ Rozdéleni proteinu na segmenty

Snaha o snizeni poctu konformaci pro jednotlivy segment:
nemusi se vyzkou3et kazdy Ghel mezi dvéma aminokyselinami,
ale uvazuji se pouze realistické hly

Vyuziti experimentalné ziskanych struktur

Knihovna proteinovych fragmenti

Fragmenty dlouhé 3 a 9 rezidui

Fragmenty jsou mapovany v PDB pomoci PSIBLAST
Kombinace fragmentd a vypocitani energie



Rosetta

Schéma de novo modelovani Rosetta

@ (a) Knihovny fragmenti zachycuji lokalni konformace

@ (b) Kombinace riiznych fragmenti z ridznych knihoven,
optimalizace vzdalenych kontakti

@ (c) Snizeni energie struktury na globalni minimum
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Hodnoceni konformace proteinu

Fyzikalni zaklad
Vlastnosti aminokyselin (hydrofobicita, velikost)
Vzajemné interakce vedlejsi Fetézcti

Tvar kostry proteinu (vodikové mistky, disulfidické méstky)

Tvorba sekundarnich struktur (alfa Sroubovice, beta skladany
list)
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Bygnc

BOINC (Berkley Open Infrastructure for Network Computing)
Open-source platforma vytvorenad po Gspéchu SETI@home

Projekt zaloZeny na distribuovanych vypoctech

e 6 o6 o

Software vyuziva vypocetni kapacitu domacich pocitacd v
dobé, kdy jsou necinné

@ Stahuje problém z hlavniho serveru a vysledky odesila zpét
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Rosetta@home

gg Protein Folding, Design, and Docking

o Hleda strukturu proteint s nejnizsi energii

@ Spusténo v fijnu 2005
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Grafické zobrazeni vypoctu
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Foldit

Free online hra

Vychazi z projektu Rosetta

Vyuziva Rosetta energy function

Stejny cil jako Rosetta@home Fesi vyuzitim verejnosti

Clovék fesi problém efektivnéji nez progam

e 6 6 o6 o o

Motivace uzivatelt formou hry
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Motivace uzivateld formou hry
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Clovék Fesi problém efektivnéji nez program
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Algorithm discovery by protein folding game players

Firas Khatib®, Seth Cooper*, Michael D. Tyka®, Kefan Xu®, llya Makedon®, Zoran Popovi€’,

David Baker**', and Foldit Players

“Department of Biochemistry; “Department of Computer Science and Engineering; and “Howard Hughes Medical Institute, University of Washington,

Box 357370, Seattle, WA 98195

Contributed by David Baker, October 5, 2011 (sent for review June 29, 2011)

Foldit is a multiplayer online game in which players collaborate
and compete to create accurate protein structure models. For spe-
cific hard problems, Foldit player solutions can in some cases out-
perform state-of-the-art computational methods. However, very
little is known about how collaborative gameplay produces these
results Foldit play egies can be and
structured so that they can be used by @mputers. To determine
whether high performing player strategies could be collectively
codified, we augmented the Foldit gameplay mechanics with tools
for players to encode their folding strategies as “recipes” and to
share their recipes with other players, who are able to further mod-
ify and redistribute them. Here we describe the rapid sodal evolu-
tion of player-developed folding algorithms that took place in the
year following the introduction of these tools. Players developed
over 5,400 different recipes, both by creating new algorithms and
by modifying and recombining successful redpes developed by
other players. The most successful recipes rapidly spread through
the Foldit player population, and twa of the redpes became parti-
cularly dominant. Examination of the algorithms encoded in these
two recipes revealed a striking similarity to an unpublished algo-
rithm developed by scientists over the same period. Benchmark
calculations show that the new algorithm independently discov-
ered by scientists and by Foldit players outperforms previously
published methods. Thus, online sdentific game frameworks have
the potential not only to solve hard scentific problems, but also to
discover and formalize effective new strategies and algorithms.

better than
anyone, we decided to allow them to codify their algorithms
directly, rather than attempting to automatically learn approxi-
mations. We augmented standard Foldit play with the ability to
create, edit, share, and rate gameplay macros, referred to as
“recipes” within the Faldit game (10). Tn the game each player
has their own “cookbook” of such recipes, from which they can
imvoke a variety of interactive automated strategies. Players can
share recipes they write with the rest of the Foldit community or
they can choose to keep their creations to themselves.

In this paper we describe the quite unexpected evolution of
recipes in the year after they were released, and the striking con-
vergence of this very short evolution on an algorithm very similar
to an unpublished algorithm recently developed independently
by scientific experts that improves over previous methods.

Results
In the social development environment provided by Foldit
volved a wide variety of recipes to codify their div
s to problem solving. During the three and a half month
study period (see Materials and Methods), 721 Foldit players ran
nd 568 players wrote 5202
recipes algorithms and found that they fell
into four main categories: (i) perfurl and minimize, (i) aggressive
sebuilding, (iii) local optimize, and (iv) set consgainss. The first
category goes beyond the deterministic minimize function
provided ta Foldit players, which has the disadvantage of readily

Shrnuti



Foldit

Socialni evoluce foldit recepti

Acid Tweeker v0.5 Blue Fuse v1.1
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@ Algorithm discovery by protein folding game players. Khatib,
F., Cooper S., Tyka M. D., Xu K., Makedon I., Popovic Z., et
al. Proc Natl Acad Sci USA (2011)
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@ Server pro predikci proteinovych struktur
@ Rozdéluje proteiny na domény

e Vyuziva homologni a ab initio modelovani (Rosetta)
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Prinos

o Predikce struktury proteind

@ Navrh novych proteind

(]

Navrh lé€by chorob: rakovina, AIDS, Alzheimerova choroba,
Creutzfeldt-Jakobova choroba

Interakce proteinii s proteiny (dokovani)
Interakce proteind s malymi molekulami (navrh léciv)

Design novych proteint (vakciny, paliva)

Testovani novych metod ve strukturni bioinformatice
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e Pristup Rosetta byl inovativni diky vyuziti fragmentovych
knihoven pro hledani vhodnych konformaci

@ Se znalosti lokalnich struktur lze snadnéji ziskat globalni
strukturu

o Rosetta predpoklada, ze informace o lokalni strukture Ize
ziskat ze strukturnich databazi

soutéze CASP, CAPRI
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