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Distributed computing

Rosetta@home Folding@home

(most powerful distributed computing
cluster in the world!)



Why a game?
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Foldit
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Open problems

Foldit Architecture
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Foldit Architecture

Puzzles

Open problems
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Rank: 436 Score:

Foldit Scoring

Soloist Beginner Puzzle 20: Alignment Tool

» No bonuses or conditions
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Foldit Scoring

¥ _Group Competition

ungary
echenkraft.net

Rank} 436 |Score: 701101

Soloist Beginner Puzzle 20: Alignment Tool

» No bonuses or conditions
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Visualizations




Visualizations

Game Visualization
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Clashes

Visualizations
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Clashes
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Hydrophobics
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Clashes

X

Visualizations
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Hydrophobics

Hydrogen Bonds
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Visualizations

View Options: View Sidechains: View Options: View Sidechains:
Show clashes Don't Show (Fast) X Show clashes Don't Show (Fast)
Show exposeds Show Stubs Show exposeds Show Stubs
Show voids Show All (Slow) Show voids Show All (Slow)
Show bonds Show sidechains with X Show bonds Show sidechains with
Show bondable atoms clashes or exposeds Show bondable atoms clashes or exposeds

Show constraints Sl Show constraints Show quide

=~ Default view options = Default view options

A View » Menu P> Notifications A View » Menu P> Notifications

Clashes, hydrogen bonds, sidechains OFF Clashes, hydrogen bonds, sidechains ON
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Visualizations
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Visualizations

refinement

Older Version Newer Version
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Introductory Levels

Select a puzzle

Sidechains

A d

Level 1-1 Level 1-2 Level 1-3 Level 1-4
One Small Clash Swing It Around Hide the Shake It Off
Hydrophobics

Backbone Packing

Level 241 Level 2-2 Level 2-3 Level 2-4
When Backbones Close the Gap Twin Pack Triple Packed
Collide

LlhiiAdvAa~nAanm DAanAdin -~
-
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Mervs
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What have we found so far?



Gender

EMale ®Female

Very broad appeal

Example demographic data

Occupation

B Student E Computer

¥ lLabor ® Unemployed

H Technical " Science

“Busn./Finan./Legal ™ Art
Education " Retired

Country

HUSA UK

= Germany ® France
® Poland H Sweden
® Netherlands B Australia

¥ Russian Federation ® Portugal
¥ New Zealand ¥ Argentina
Other



Very broad appeal

Prior knowledge of biochemistry

® None
® High school / Basic

¥ One undergraduate course

¥ Majored in biology or similar

“PhD in chemistry or organic
chemistry

PhD in biochemistry 30 years
ago

Professionally involved




Protein Structure Prediction
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Players can solve structures

@? * Fix incorrectly folded proteins

& * Move through worse scores to find
() better ones

* Outperform computational methods
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Players can solve structures

o0




Players can solve structures




Players can solve structures




Players can solve structures




Players can solve structures




Players can solve structures




Comparison to Algorithm

-100

-150

-250

Better energy

<§£;;j

Closer to native

Player solutions

Algorithm solutions




Rosetta energy

-250 -200 -150 -100

-300

Comparison to Algorithm

Player solutions

W i ool Algorithm solutions
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Rosetta energy

Comparison to Algorithm

Player solutions

Algorithm solutions

Buried residues full-atom RMSD to native 2kpo NMR model 1



Experimental Structure Solved

Mason-Pfizer Monkey Virus
Retroviral Protease (MPMV PR)

Plays a role in AIDS in monkeys

Experimentalists worked on for ~15
years

Computational methods failed to solve
Gave to players for 3 weeks



Experimental Structure Solved

Starting structure
Native
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Algorithm Discovery
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Players develop st

SCIENCE ~

ISearch FoldIt Wiki I

FoldIt Wiki
Random page
Explore the wiki
New pictures
Recent blog posts
Videos
Organisation
Community

& Create a new article
[ upload a new image

v

Random page
Special pages

[ooameaciny ]

114 articles on this wiki

Recent changes
Help

rategies

Strategy - FoldIt Wiki - a Wikia Gaming wiki

http: //foldit.wikia.com/wiki/Strategy

st snow s (D)

& Edit this page W History f Share this article Discussion

Strategy

Dell Efficient Enterprise
Unlocking Growth and Innovation With Dell's IT Efficiency Solutions

www.EfficientEnterprise.com

Ads by Google

Most folders seem to agree that FoldIt strategy is still in its infancy. Much remains to be discovered. With that said, here are some of the goals and methods that have often been
found to be helpful.
First, there are several goals to pursue that will increase a fold's score. They include the following:

= Compactness

= Hydrophobic Hiding

= Hydrogen Bond

= Sidechain Position
These goals should be considered at all stages of the game, from the opening to the middlegame to the endgame.
Questions about strategy should be directed (for now) to the Big Question Page. As new strategies are explored, they can get spinoff pages of their own.

Contents [show]

([ edit |

Tips

Several strategic tips that may prove useful include the following:

= Use rubber bands to pull together widely spaced structures.

-

Al L idoabain al
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Players develop strategies




}Jsgge

I ER

o o - @ @
R = ES ES ES

Top Cookbook Recipes

— ]

Recipes >

r|I|I=II=|
i

Il
|

Q)

olors are different players




Player
Algorithm

(Blue Fuse v1.1)
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Algorithm Comparison

Adjust repulsive force
. Discrete optimization

. Continuous optimization



Algorithm Comparison

Scientist
Algorithm
(Fast Relax)

Player
Algorithm
(Blue Fuse v1.1)
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Adjust repulsive force



Player
Algorithm

(Blue Fuse v1.1)
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Algorithm Comparison

Scientist
Algorithm
(Fast Relax)
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* Independent discovery
of scientists’ algorithmic
techniques

Adjust repulsive force

. Discrete optimization

. Continuous optimization



Player
Algorithm
(Blue Fuse v1.1)
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Protein Design
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Protein Design

¥4 Design Mode Rank: - Score: 9990

» Group Competition
P Soloist Competition

Left click: mutate menu Soloist 365: Design the Interface 1

Right (ctrl) or Middle (shift) click: insert/delete menu R e A e e

ToouoxoonNn 4

PRO(P)

P> Chat - Puzzle X auto show
» Chat - Global X auto show
> Actions » Undo » Modes » Behavior P View » Menu » Notifications X _auto show




Experimental Validation




Early Player Design




P t . D .
» Group Competition
P Soloist Competition

Rank: - Score: 7510.909

Soloist 192: Cover the Ligand

P No bonuses or conditions

~oonNn 4

o

o
[
3

et

» Chat -Puzzle X auto show
P Chat - Global X auto show

P Notifications X auto show

P Actions » Undo > Modes P Behavior P View » Menu



Protein Design

Starting scaffold




Starting scaffold
Player/scientist design

Protein Design
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What’s next?



Experimental Density Integration

Loaded Puzzie
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Tool for Scientists
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More Intuitive Interactions




Education

fold ..

Solve Puzzles
" for Science BLOG & PUZZLES » RECIPES FORUM WIKI FEEDBACK ABOUT FAQ CREDITS

Kuhlman Class Puzzle 1 GET snmso:nowmm

Status: Closed [ ]
L 'y

— e INTRODUCTORY
e T BIOPHYSICS

Created: 03/11/2009
PERSPECTIVES ON THE LIVING STATE

Difficulty: Intermediate

Description: This is a homology model for Kuhiman's class, though all others are welcome to

play. The puzzle will be scored as usual. USERLOGIN

Top Groups
RANKGROUP SCORE POINTS
1 mVoId Crushers 11,526 100
2 Another Hour Another Point 11,515 87
3 Oma Gawd 11,430 75
4 Richard Dawkins Foundation 11,282 64
5 Pitney Folders 11,138 55

SHOW ALL >

Top Evolvers EVOLVERS SOLOISTS



Nanotechnology




Nanotechnology
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Thank you!

jflat06 @cs.washington.edu

Foldit:

http://fold.it









Digitizing the World
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