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Abstract- Proteins form the executive machinery underlying al assessing the performance of computational metHods

the biological processes that occur within and betweells, from
DNA replication to protein degradation. Although geme-scale
technologies enable to clarify their large, intrteaand highly
dynamics networks, they fail to elucidate the dedaimolecular
mechanism that underlies the protein associatiaytess. Therefore,
one of the most challenging objectives in biolobiesearch is to
functionally characterize protein interactions byl\dng 3D complex
structures.

This is, however, not a trivial task as confirmedtty large gap
that exist between the number of complexes idehtifjelarge-scale
proteomics efforts and those for which high-resoluti 3D
experimental structures are available. For theseasans,
computational docking methods, aimed to predicthimeling mode
of two proteins starting from the coordinates of timglividual
subunits, are bound to become a complementary agjrto solve
the structural interactome.

Given its importance, the field of protein dockinas
experienced an explosion in recent years partighppelled by
CAPRI  (http://www.ebi.ac.uk/msd-srv/capri/). CAPRI (Cati
Assessment of PRedicted Interaction) is a commundtg blind
experiment aimed at objectively assessing the pedoce of
computational methods for modeling protein intei@ts by inviting
developers to test their algorithms on the samgetisystem and
quantitatively evaluating the results.

In order to test pyDocka docking scoring algorithm developed

in our group, the PID (Protein Interaction and Daaf§) group of the
BSC Life Science Department, we have participatedllithe 15
targets (T46 to T58) of the 5th CAPRI edition (2@002). Our
automated protocol confirmed to be highly succéssfuprovide
correct models in easy-to-medium difficulty protpiotein docking
cases placing among the Top5 ranked groups outasé rthan 60
participants.
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|. INTRODUCTION

One of the major challenges in structural biologytd
provide structural data for all complexes formedwsen
proteins and other macromolecules.
coverage of protein-protein interactions (i.e. Hlde
experimental structures plus potential models based
homologous complex structures) is below 4% of thtareted

protein-protein

Current strattur

modeling protein interactions by inviting developdo test
their algorithms on the same target system and tijagwely

evaluating the results. This involves sampling pua
association modes and modeling their atomic stracfthe
docking problem), and identifying those likely te stable out
of a very large pool of decoys (the scoring problekhodels

submitted by participants are finally evaluateccarmparison
with experimental coordinates made available byr thethors
to the CAPRI assessors according to some criterdeacribed
in Figure 1 of Lensink et al. Proteins 2007 69:704.

In order to test pyDock,a docking scoring algorithm
developed in our group, we have participated intladl 15
targets of the 5th CAPRI edition (2010-2012). Iditidn to
the standard prediction of protein-protein targétss edition
has entered into related areas including bindinfinigf
predictions and free energy changes upon mutagi®nvell as
prediction of sugar binding and interface waterenales. Our
overall experience has been highly rewarding andlegeribe
here the details of our participation and the lkastdrs of our
success.

Il. MATERIALS AND METHODS
A. Generation of rigid-body docking poses for the
predictors experiment
In all targets, we used FTDot&nd ZDOCK 2.1 to generate

10,000 and 2,000 rigid-body docking poses, respagti For
the final four targets of this edition (T53, T547Tand T58)
we generated an additional pool of flexible dockiuges
using SwarmDock

B. Scoring of rigid-body docking poses for both the
predictors and the scorers experiment
We scored the docking models generated by the above

described methods with our pyDock protocol, basedreergy
terms previously optimized for rigid-body dockinithe
binding energy is basically composed of ASA-based
desolvation, Coulombic electrostatics and van dealg\energy
(with a weighting factor of 0.1 to reduce the naisthe scoring
function). Cofactors, water molecules and solamt ivere not

number of possible complexes formed between humagbnsidered for scoring.

proteins® The pace of experimental determination of complex

structures is still behind the determination of ividbal
protein structures. In addition, many of theseraxtgons will
never be determined by x-ray crystallography besaxigheir
transient nature. For these reasons, computatidoeking
methods aim to become a complementary approacblve s
the structural interactome. The field of proteinckiog has
experienced an explosion in recent years, partiatpelled
by the CAPRI (http://www.ebi.ac.uk/msd-srv/capriJAPRI
(Critical Assessment of PRedicted Interaction) is

C. Removal of redundant docking poses
After scoring, we eliminated redundant predictiom®rder
to increase the variability of the predictions andximize the
success chances by using a simple clustering #igomvith a
distance cutoff of 4.0 A, as previously descritfed.
D. Minimization of final models
The final ten selected docking poses were minimineorder

to improve the quality of the docking models anduee the

awumber of interatomic clashes. In timajority of the targets
community-wide blind experiment aimed at objecvel we used TINKER. In targets T53 and T54 we used


https://core.ac.uk/display/41793135?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

CHARMM’ while in target T58 we used AMBER10 with this did not make a difference. In the target TS8XS data

AMBER parm99 forcefield®

E. Modeling of subunits with no available structure
For several targets, the structures of the subumése not

available and needed to be modeled. We used Modali@

with default parameters based on the template/gestigd by
the organizers or on other homologue proteins folyd
BLAST search (http://blast.nchi.nim.nih.gov/Blagi)c The
final selected model was that with the lowest DQe&re.

[ll. RESULTSAND DISCUSSION
In this CAPRI edition we submitted predictions fdf the
proposed targets. Our results for the standarcejpratrotein
docking assessment are summarized in Table | and.Fi

TABLE |
Target Typé Predictors
Submission| Quality | Successful

rank® Group$
T46 HH - - 2 (40)
T47 HU 1 e 25 (29)
T48 uu 3 * 14 (32)
T49 uu 4 * 14 (33)
T50 UH 1 * 18 (40)
T51 DHD - - 3 (46)
T53 UH 3 ok 20 (42)
T54 UH - 4 (41)
T58 uu 5 *x 11 (23)
Table I. Results of pyDock protocol for all protgirotein targets in

predictors.

a B: bound; U: unbound; H: homology-based model.
b Rank of the best model within our submission APRI.
¢ Quality of our best model according to CAPRIemi#i: acceptable (*),
medium (**), and high (***)
d Number of successful groups for each targetrachets, total number of
participants.
e Model rank 1 had acceptable accuracy (*).
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Fig. 1. Representation of our best models for targd7, T48, T49, T50, T53,
T57 and T58. For each target, receptors are supeset and shown in white.
Ligand in our best model as predictors is showred) and as scorers in blue.
For comparison, the structure of the experimentahmex (if available) is
represented in green.

For the generation of docking poses, the betta g$olution
used for FTDock and the use of flexible SwarmDook the
last targets were key for the success. In seldetegbts (T47,

T48 and T58), distance restraints were used, boidst cases

was used for complementary scoring with pyDockSAXS,
which slightly improved the scoring. We obtainechsistently
good models for all non-difficult cases, althoubbyt were far
from being trivial, since their subunits were unbduor
needed to be modeled based on homology templateall |
cases but one our successful models were rankédhvaur
first five submitted solutions, being ranked 1st daveral
cases.

V. CONCLUSIONS

In this CAPRI edition we learned that our automateatocol
is useful to provide correct models in easy-to-medi
difficulty protein-protein docking cases, but weedefurther
methodological development for difficult cases, exsally
when subunits need to be modeled based on homdawgitie
low sequence identity. Our overall experience heenbhighly
rewarding, pyDock docking scheme confirmed its high
performance in protein complexes prediction placamjong
the Top5 ranked groups out of more than 60 paditip
(Table 11).

TABLE I
Rank Group Summary:

#Targets [ *** + ** 4+ *
1 Bonvin 9/1®* 3% 4 5%
2 Bates 8/2**+6*
3 Vakser 711%™ +6*
4 Vajda 6/2%* 3% 4 ] *
5 Fernandez-Recio 6/1**+3**+2*
5 Shen 6/1%*+ 3% 4%
7 Zou 6/1**+ 2% 4 3%
8 Zacharias 6/1**+5*
9 ClusPro 6/4*+2*
10 Eisenstein B/L** 2% 4%

Table 1l. Overall pyDock performance among the T®opanked groups.
Predictions are classified as acceptable (*), madjtt), and high (***).
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