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Predicting protein structures with a multiplayer

online game

Seth Cuuperl, Firas Khatib®, Adrien Treuille'~, Janos Barbero', Jeehyung Lee’, Michael Beenen',
Andrew Leaver-Fay*t, David Baker™*, Zoran Popovi¢' & Foldit players

People exert large amounts of problem-solving effort playing com-
puter games. Simple image- and text-recognition tasks have been
successfully ‘crowd-sourced’ through games'™, but it is not clear if
more complex scientific problems can be solved with human-
directed computing. Protein structure prediction is one such
problem: locating the biologically relevant native conformation
of a protein is a formidable computational challenge given the
very large size of the search space. Here we describe Foldit, a
multiplayer online game that engages non-scientists in solving
hard prediction problems. Foldit players interact with protein
structures using direct manipulation tools and user-friendly
versions of algorithms from the Rosetta structure prediction
methodology®, while they compete and collaborate to optimize
the computed energy. We show that top-ranked Foldit players
excel at solving challenging structure refinement problems in

retaining the deterministic Rosetta algorithms as user tools. We
developed a multiplayer online game, Foldit, with the goal of pro-
ducing accurate protein structure models through gameplay (Fig. 1).
Improperly folded protein conformations are posted online as puz-
zles for a fixed amount of time, during which players interactively
reshape them in the direction they believe will lead to the highest
score (the negative of the Rosetta energy). The player’s current status
is shown, along with a leader board of other players, and groups of
players working together, competing in the same puzzle (Fig. 1,
arrows 8 and 9). To make the game approachable by players with
no scientific training, many technical terms are replaced by terms in
more common usage. We remove protein elements that hinder struc-
tural problem solving, and highlight energetically frustrated areas of
the protein where the player can probably improve the structure
(Fig. 1, arrows 1-5). Side chains are coloured by hydrophobicity
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proteins fold into their three-dimensional configurations.
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Proteins are essentially biological nano-machines that carry out

myriad functions in the body, and biologists have long sought to

understand how the long chains of amino acids that make up each protein fold into their
specific configurations.
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A New and Powerful
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foldlt IS an interactive visual mterface to Rosetta
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Who worked on standalone foldit?

David Kim

...and the
rest of the
foldit team

Seth Cooper, creator of
'Foldit’ appears on Canada
AM on Monday, May 12,
2008,
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Adrien Treullle Jehyung Lee



Example:
Evaluating and refining
an enzyme design

Input files:

Protein structure from Rosetta
Constraint file

Ligand conformation files
Ligand params file
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Lua Scripting: Revert Design to Native
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Selection Interface

Lua Functions
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Multiple sequence alignment and threading

¥ Group Competition

§ Pull Mode

Rank: - Score: 1]

Soloist 34 4: CASPO Puzzle 36

# Group Name Score *
Login for group list.

» No bonuses or conditions

¥ Soloist Competition

# Player Name Current Best' 4
Log in for player list.

~ooosoom o4

B
A Alignment
< © [iEeiciolL il el F[RRR Fy[REAlw A v vieio 6y viviRl L AlRReNS] e vae A A ARJumEEl A o @A vghe L Lo B B
oA = - . == - Seore
e’ L[AEde o v L FfRla cEEqclRiE vl ¥ i 6 K N o FyiH s BEEEE 178
Shake W . Ao
Sidechains 5id Reserve templates: <& = 3/6
4 LAPGDLYFFETPYRKATHYGELY LGDGECY IHSSGKAQGRDGIGIDIL 191
&) * ;
Freeze Remove Disable Align Show Reset Reset » Chat-Puzzle i X auto show
Protein Bands Bands Guide  Alignment Structures Puzzle » Chat - Global N
& Actions » Undo » Modes P Behavior F View = Menu P Motifications *® auto show



Conceived of by...

James Thompson

Implemented by...

g ...and the
wEESS™ rest of the



How to get it

standalone (for mac and pc)

https://lwww.rosettacommons.org/internal/standalone-foldit-rosettacommons-users-only/

Example files and scripts (and info from
this slide) are In ‘FolditStandalone’
protocol capture

standalone forks in svn
(build for OS X with Xcode)

https://svn.rosettacommons.org/trac/browser/branches/mini-interactive

https://svn.rosettacommons.org/trac/browser/branches/mini-interactive/mini/src/interactive/application/standalone



Thank you!

Everyone who made what it Is
Standalone people: Seth, David Kim,
Jee, Adrien

Presentation help: Justin Siegel, Austin Day,
Baker Lab

Script help: Rocco Moretti
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