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Crystal structure of a monomeric
retroviral protease solved by
protein folding game players

Firas Khatib', Frank DiMaio!, Foldit Contenders Group, Foldit Void
Crushers Group, Seth Cooper?, Maciej Karmierczyk®, Miroslaw Gilski®,
Szymon Kreywda®, Helena Zabranske®, Iva Pichova®, James Thompson!,
Zoran Popovic?, Mariusz Jaskolski™ & David Baker 6

Following the failure of a wide range of attempts to solve the
crystal structure of M-PMV retroviral protease by molecular
replacement, we challenged playvers of the protein folding game
Foldit to produce accurate models of the protein. Remarkably,
Foldit players were able to generate models of sufficient quality
for successful molecular replacement and subsequent structure
determination. The refined structure provides new insights for
the design of antiretroviral drugs.

Faldit is a multiplayer online game that enlists players worldwide to
solve difficult protein-structure prediction problems. Foldit players
leverage human three-dimensional problem-solving skills to inter-
act with protein struetures using direct manipulation tools and algo-
rithims from the Rosetta structure prediction methodology!. Players
collaborate with teammates while competing with other players to
phtain the bighsst cencing (lomeet anarant mndale 1o sraofof

Structure Prediction (CASP) experiment was an ideal venue in which
to test this, CASP is 2 biennial experiment in protein strueture predic-
tion methods in which the amino aeid sequences of struetures that
are elogse to being experimentally determined—referred to as CASP
targets—are posted to allow groups from around the world to prediet
the native structure (hitp:f/predictioncenter.org/casp®/). Each group
taking part in CASP is allowed 1o submit five different pedietions for
each sequence. Foldit partieipated as an independent group during
CASPS and made predictions for the targets with fewer than 165 resi-
dues that the CASP organizers did not indicate as oligomeric, For targets
with homologs of known structure—the Template-Based Modeling
category—Foldit players were given different alignments to templates
predicted by the HHpred server® via the new Alignment Toal. Despite
these new additions to the game, the performance of Faldit players
over all CASP9 Template-Based Modeling targets was not as good

as those of the best-performing methods, which made better uge of

information from homalogous structures; extensive energy minimiza-
tion used by Foldit players tended to perturb peripheral portions of the
chain away from the conformations present in homalogs,

For predietion prablems for which there were no identifiable homo-
logous protein structures—the CASPS Free Modeling category—Foldit
players were given the five Rosetta Server CASPY submissions (which
were publicly available to other prediction groups) as starting points,
along with the Alignment Tool. Here all five starting models were
wvailable, allowing players to use partial threading to combine
different features of the Rosetta models. In this Free Madeling

%&%.UU‘\

m




Following the failure of a wide range of attempts to solve the
crystal structure of M-PMV retroviral protease by molecular
replacement, we challenged players of the protein folding game
Foldit to produce accurate models of the protein. Remarkably,
Foldit players were able to generate models of sufficient quality
for successful molecular replacement and subsequent structure
determination. The refined structure provides new insights for
the design of antiretroviral drugs.



Lesson 1:

Our ability to understand the world around is
a function of the technologies we have for
seeing in the world.



Lesson 2:

The best way to understand the
future is to observe the present very,
very carefully.



Lesson 3:

No matter how sophisticated your
sensemaking tools, they will not help you
if you have a wrong or inadequate theory.



Lesson 4:

Every great achievement in human
knowledge involves breaking through a
problem no one else believes can be solved



Lesson 5:

Many great scientific achievements require
you to overcome the opposition of the
current experts in the field.
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