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Preface

The emerging dynamic view of proteins: Protein plasticity in allostery,
evolution and self-assembly
The dynamics of proteins has always been at the center of the interest
of protein researchers, since it is intimately related with their function.
Nevertheless, the emphasis on the uniqueness of the native structure,
which is to a large extent encoded in the amino acid sequence of the
protein, as beautifully demonstrated by Anfinsen experiments [1],
contributed to the development of a “static” view of proteins. This can
be exemplified through three widely used simplifications: (1) The
one-sequence–one-structure–one-function paradigm. The uniqueness of
protein structure is a premise of protein structure prediction methods,
critically assessed in the CASP experiment [2]. (2) The two-states model
of protein folding in which only the native and the denatured states are
thermodynamically relevant. An inspection of the ProTherm database
[3] suggests that a large number of folding experiments have been fitted
using the two-statesmodel despite the fact that data favormore complex
models. (3) The assumption that the fold is almost always conserved
during evolution, on which databases of protein structure classification
[4,5] are based.

Recently, a more dynamic view of proteins is gaining the attention of
researchers again. This change of point of view has been, in our opinion,
mainly influenced by the following developments: (i) the appraisal that
a large fraction of the proteins of complex organisms are unstructured
in their native state, and that this structural disorder, far from being a bi-
zarre property, is crucial for their regulatory function [6]; (ii) the
reappraisal of allostery, i.e. the ability of proteins to propagate conforma-
tional changes from a control site to a distant active site, as an intrinsic
property of protein dynamics that is deeply related with enzymatic catal-
ysis [7,8]; (iii) the increasing number of experimental and theoretical
studies on phosphorylation and other post-translational modifications,
which are used by the cell to achieve allosteric control of protein structure
and function [9]; (iv) the discovery that changes of protein structure dur-
ing evolution are more common than previously thought [10–13] and
that the interplay between intrinsic protein dynamics and structure
change can favor protein evolvability [14,15]; (v) the clinical and possibly
biological importance of proteins that have radically different alternative
folded states, such as the prions [16,17].

From the theoretical point of view, the energy landscape theory of
protein folding [18,19] has provided since the 1980s a framework for
describing proteins as a statistical mechanical ensemble of different
conformations. Nevertheless, the difficulty to determine “realistic”
energy functions that reliably describe the energy landscape of
proteins has shifted the focus to native-state based models, called
Go models in the jargon of the field [20]. These Go models have
often been studied in the two-states approximation of protein fold-
ing. The discovery that they can provide a wealth of information on
the intrinsic dynamics of the native state through the harmonic ap-
proximation [21] (the so-called elastic network model), and that the
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predictions of these simplified models are in quantitative agreement
with experimentally observed functional motions, has provided re-
searchers with a powerful analytical tool to investigate the functional
dynamics of proteins [22] that complements classicalmolecular dynamics
[23].

The interplay between all these aspects has led to considerable
progress in the understanding of how proteins are built and function.
In our opinion, this progress is shaping a new view of proteins.
The workshop “The emerging dynamic view of proteins: Protein
plasticity in allostery, evolution and self-assembly”, funded and
hosted by the MPI for the Physics of Complex Systems in Dresden,
Germany, was inspired by this idea, and it was aimed at favoring
the dialogue between different disciplines focused around protein
plasticity. The workshop was organized into six topical sections: (1)
Allostery, with talks by Dorothee Kern, on experiments and computa-
tions that describe protein dynamics during catalysis; Devarajan
Thirumalai, on the modeling of allosteric transitions in molecular
machines; Igor Berezovsky, on a coarse-grained model of allosteric
regulation and communication; Ammon Horovitz, on theory and ex-
periments that describe the allosteric motion of the chaperonin
GroEL; Thomas Weikl, on the role of conformational selection and in-
duced fit in protein function; Vincent Hilser, illustrating that biologi-
cal ensembles are poised to respond; and Ruth Nussinov, describing
structural networks of signaling pathways on the proteome scale.
(2) Self-Assembly and aggregation, with talks by Simon Alberti, illus-
trating protein self-assembly and the formation of cellular structures
and memories; Petra Schwille, describing spatial self-organization of
the form of the Turing instability that drives morphogenesis, realized
through a simple experiment of the reaction and diffusion of just two
proteins; Joseph Marsh, illustrating how subunit flexibility facilitates
protein complex assembly and evolution; and Fabrizio Chiti, re-
porting on the structural determinants of protein oligomer toxicity.
(3) Structurally disordered proteins, with talks by Monica Fuxreiter,
on ambiguity in protein interactions (fuzziness) and Vladimir Uversky,
on intrinsic disorder-based interactions and their modulators. (4) Com-
putational methods, with talks by Modesto Orozco, on protein dynam-
ics at the genomic scale; Martin Zacharias, describing protein–protein
dockingmethods that account for conformational changes; and Gunnar
Schroeder, on protein structure and dynamics from low-resolution data.
(5) Evolution of protein structure, function and dynamics, with talks by
Erich Bornberg-Bauer, on the escape from adaptive conflict in the
evolution of protein function through weak functional trade-offs and
mutational robustness; Michael Lässig, on the mutation and selection
balance in the evolution of viral proteins; Christine Orengo, on the
plasticity of functional sites in evolving superfamiles; Nick Grishin,
on the evolutionary changes of protein spatial structures; Rachel
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Kolodny, giving a bird's eye view of protein structure space; Arne
Elofsson, reporting that disorder regions are indel hotspots; Jessica
Stiltberg-Liberles, on the evolutionary dynamics of conformational flex-
ibility in the prion protein and its remote homologs. (6) Folding, with
talks by Oxana Galzitskaya, on the influence of organization of native
structure on its folding, and Anna Tramontano, addressing the structur-
al variability of antibodies with structure prediction techniques.

Furthermore, besides interesting contributed talks and poster
sessions, the workshop had four discussion sections in which some
of the invited speakers introduced the section's topic and a large
number of participants expressed their views on the subject.

The first of these sections discussed the shift from single
sequence–structure–function relationship to dynamic ensembles.
There was consensus on the fact that the idea that the protein
sequence determines the structure simplifies our view of proteins
too much, and that dynamic ensembles constitute a description of
proteins more suitable than PDB coordinates, however there was no
agreement on which experimental techniques and mathematical
descriptions are needed to proceed in this direction.

The second discussion addressed the relationship between struc-
tural disorder and protein complexity. In this case, there was no
agreement on how we can quantify the structural complexity of a
protein, and whether disordered proteins are more or less complex
than enzymes that possess a unique structure and function. Proposers
of the idea that disordered proteins are more complex argued
that their sequences are characterized by a large number of
splicing isoforms, their structures possess a larger number of different
alternative conformations, and the large number of potential
interaction partners that they have provides them with a multiplicity
of functions. Moreover they often self-assemble to form complex
molecular machines such as the centrosome and greatly contribute
to the complexity of the organism. However, other participants
argued that the sequences of disordered proteins are usually
simpler than those of ordered proteins, in the sense that they tend
to have high entropy, and they can be characterized as high entropy
ensembles of structures.

In the third discussion section, on the evolution of protein
structures, the question was whether we need a new view of protein
structure space that explicitly recognizes that protein structures
change in evolution. It was agreed that protein fold changes in
evolution, as demonstrated through the work of Grishin [10] and
others, and that these new ideas on protein structure and function
evolution need to be and are being incorporated into structural
classifications of proteins.

The fourth discussion addressed the question whether structur-
al disorder is just an extreme version of the flexibility of folded
proteins, which perform large conformational changes in their
equilibrium dynamics, connecting folded sub-states that are rele-
vant for their biological function. Elastic network models show
that there is a deep relationship between the allosteric functional
dynamics of proteins and their equilibrium dynamics in the native
state. On the other hand, intrinsically disordered proteins often
lack stable folded structures and they can be described only in
terms of dynamical ensembles, therefore it is not clear whether
it is possible and convenient to describe them with the same math-
ematical models used to describe the equilibrium dynamics of
folded proteins.

A significant representation of the contributions and discussions
presented at the workshop are reported in this special issue, which is
organized in three main sections.

The first section is dedicated to “Allostery and collective functional
movements”. In this section, the group of Nussinov proposes that
scaffolding proteins can actively control regulation and signaling of
multienzyme complexes through allostery; Berezovsky reviews a
method to predict functional sites through a coarse-grained model
of allostery, and its possible application to the development of
allosteric drugs; dos Santos et al. present a null model of protein
conformational changes based on the elastic response in torsion
angle space, proposing that conformational changes that significantly
deviate from this null model have been optimized by natural
selection; Ostermeir et al. present the application of advanced
replica-exchange sampling to study the flexibility and plasticity of
peptides and proteins; Valerianovna et al. propose that stability and
rigidity/flexibility in protein folding are two sides of the same coin;
and Weikl describes how conformational changes can affect catalysis,
inhibition and drug resistance of enzymes with induced-fit binding
mechanism such as the HIV-1 protease.

The second section, “structural flexibility in protein evolution”,
contains the contribution by Dessailly et al., who demonstrate that func-
tional sites are extremely variable within a superfamily of evolutionarily
related proteins; Light et al., who show that long indels in homologous
eukaryotic proteins have a strong tendency to be disordered; and
Moore et al., who quantify the evolution of modular proteins in a dense
phylogenetic tree.

In the third section, “Disordered proteins and large macromo-
lecular complexes”, Labas et al. show that the optimization of the re-
organization energy drives the evolution of the designed Kemp
eliminase KE07; Malinovska et al. review the relationships between
protein disorder, prion propensities, and self-organizing macromo-
lecular collectives, suggesting that the extreme structural flexibility
of disordered proteins is a key property for the self-organization of
large macromolecular complexes; finally, the review by Uversky
describes the biophysical properties that characterize intrinsically
disordered proteins with respect to more familiar folded proteins.
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