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Computational Methods for Multiple Protein Docking for Asymmetric
Complexes
Juan Esquivel-Rodriguez, Daisuke Kihara.
Purdue University, West Lafayette, IN, USA.
Protein complexes are involved in many biological processes mediating diverse
important cellular functions. The tertiary structures of protein complexes pro-
vide a crucial insight about the molecular mechanisms that regulate their func-
tions and assembly. However, solving protein complex structures by
experimental methods is often more difficult than single protein structures.
Computational prediction methods are expected to make significant contribu-
tions in this area. Until now most of the protein docking prediction methods
focus only on pairwise docking. There exist a handful of methods for the pre-
diction of multimeric complexes, but almost all of them assume specific prop-
erties such as homomericity or symmetry. Considering a substantial number of
multimeric complexes of diverse kinds exist in a cell, there is an urgent need for
the development of a multiple protein docking prediction method that does not
target a specific type of complexes.
We have developed a novel multiple protein docking algorithm, Multi-LZerD,
that builds models of multimeric complexes by effectively reusing pairwise
docking predictions of component proteins. A genetic algorithm is applied to
explore the conformational space followed by a structure refinement procedure.
Benchmark on nine hetero-multimeric complexes resulted in near native con-
formations for all of them (a root mean square deviation smaller than 2.5Å).
We also show that our method handles unbound docking cases well, outper-
forming the only methodology developed so far that can be directly compared
to our approach. Multi-LZerD was able to predict near native structures for
multimeric complexes of various topologies.
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Formation of Ternary Complex of Factor VIIa, Tissue Factor, and Factor
X on the Surface of Anionic Membrane
Y. Zenmei Ohkubo, Emad Tajkhorshid.
University of Illinois at Urbana-Champaign, Urbana, IL, USA.
Most steps in the clotting cascade involve formation of protein complexes be-
tween an enzyme, a cofactor, and a substrate, highly catalyzed by membrane
binding of individual proteins. Upon binding to anionic regions of the cellular
membrane, the rate of enzymatic activity of these proteins is enhanced by sev-
eral orders of magnitude. Despite its established key role, the mechanism by
which the membrane mediates this activation process has remained largely un-
known. The complex of factor VIIa (FVIIa), tissue factor (TF), and factor X
(FX), namely the TF:FVIIa:FX ternary complex, is the first such complex in
the clotting cascade. We report atomistic models of the TF:FVIIa:FX complex,
revealing specific interactions between individual proteins in the ternary com-
plex and the structural transitions resulted from such interactions.
The ternary complex was constructed in two steps, combining docking and mo-
lecular dynamics (MD) methodologies, in conjunction with a highly mobile
membrane mimetic (HMMM) model for enhanced lipid mobility. Starting
with the known structures of the TF:FVIIa binary complex and a modeled FX,
first several candidates of the complex of the enzyme (TF:FVIIa) and its
substrate (FX)were generated by docking hundreds of structural snapshots of in-
dividual components collected from their respective MD simulations. The best-
scored candidates were then subjected to MD simulations on the surface of the
HMMMmembrane, which can efficiently describe binding/insertion of proteins
to the membrane due to the enhanced lipid mobility. During the simulations,
weak distance restraints were imposed between residues that have been experi-
mentally reported to be involved in protein-protein interaction. The complexes at
the end of the equilibrium process resulted in a well-converged ternary structure
characterizing FX residues that interact with the TF exosite.
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The drastic reduction of novel folds in proteins newly determined by x-ray
crystallography suggests that large macromolecules are built from domains
with already known structures. We have developed a novel integrative protocol
that combines experimentally-measured topographic surfaces of single mole-
cules with atomic coordinates of molecular constituents of large proteins or as-
semblies. Topographic surfaces are obtained using high-resolution atomic force
microscopy (AFM) imaging. The present integrative method is based on real-
space docking of macromolecular constituents beneath the experimental topo-
graphic surface. Assembly of molecular constituents is performed using a
combinatorial approach. Only steric clashes between assembled constituents
are computed; assemblies having more than a given threshold of bumps are
eliminated. The goodness of fit is obtained by a score named E-factor which

determines the agreement between the experi-
mental topographic surface with that of the as-
sembled constituents. A proof of concept has
been determined on three different systems: Im-
munoglobulin G, Tobacco mosaic virus, and
Aquaporin Z. Results demonstrated that partial
topographic surface is adequate for complete
macromolecular reconstruction. This protocol
may be extremely useful for ‘‘difficult pro-
teins’’ such as membrane proteins, partially un-
folded proteins, and hard-to-produce proteins.
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Ubiquitin Dynamics in Complexes
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MPI for Biophysical Chemistry, Goettingen, Germany.
Protein-protein interactions play an important role in all metabolic processes.
However, the principles underlying these interactions are only beginning to
be understood. Ubiquitin is a small signaling protein that is covalently attached
to proteins to mark them for degradation, regulate transport or induce other
functions. As such, it interacts with and is recognized by a multitude of binding
partners.
We have conducted molecular dynamics simulations of ubiquitin in complex
with 11 different binding partners on a microsecond timescale and compared
the resulting ensembles with ensembles of unbound ubiquitin. Both collective
structural behavior and local conformational differences were considered to
identify the principles of ubiquitin binding and determine the influence of com-
plex formation on the dynamic properties of this protein. Particularly the ques-
tion of induced fit versus conformational selection scenarios both on a global
and local level has been investigated.
Both bound and unbound simulation ensembles show a significant degree of
structural diversity. While the established binding models were sufficient to ex-
plain the properties of some bound ensembles, the behavior of other complexes
requires the addition of a new model which we describe as ‘‘conformational ex-
tension’’. In this case, while the bound ensemble shows a significant overlap
with the unbound ensemble, it also reaches conformations inaccessible to the
unbound protein.
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Dynamics of Large-Scale Protein Conformational Transition and Docking
Events using a Hybrid All-Atom Structure Based Model
Ilaria Mereu, Ludovico Sutto, Francesco L. Gervasio.
Centro Nacional de Investigaciones Oncológicas (CNIO), Madrid, Spain.
Structure based potentials have achieved a fast description of protein folding by
implementing its energy landscape interpretation both at a coarse-grained and
all-atom level [Whitford et al. (2009) Proteins: Structure, Function, and Bioin-
formatics, 75(2), 430-441]. Concerning other kinds of conformational transi-
tions, like allosteric structural modifications, this approach was only applied
to coarse-grained representations [Yang S., Roux B. (2008) PLoS Comput
Biol 4(3): e1000047; Tripathi, S. and Portman, J. J. (2011) J. Chem. Phys.
135, 075104], thus lacking in accuracy with respect to the local backbone
and critical side-chain interactions. The all-atom model we propose for
large-scale structural rearrangements in proteins combines a classical forcefield
description of the local interactions with a structure-based term for non-bonded
interactions. To our knowledge, this is the first application of such a hybrid
model [Pogorelov, T. V., and Luthey-Schulten, Z. (2004) Biophysical Journal,
87(1), 207-214; Meinke, J. H. and Hansmann U. H. E. (2007) J. Phys.: Con-
dens. Matter 19 285215] outside the framework of protein folding. A further
level of refinement is considered by energetically rewarding, in the structure-
based term, functional residues conserved along evolution as yielded by bioin-
formatics tools. We present the results of this model for: the conformational
transition of the so-called activation loop associated with activation for the cat-
alytic domain of human c-Src tyrosine kinase; the assembly of the building
modules of c-Src; the docking events of molecular complex partners chosen
from the Protein-Protein Docking Benchmark. The model performs very satis-
factorily in terms of speed and accuracy and its results are promising for
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