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Structural bioinformatics

DFprot: a webtool for predicting local chain deformability
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ABSTRACT

Summary: DFprot is a web-based server for predicting main-chain
deformability from a single protein conformation. The server auto-
matically performs a normal-mode analysis (NMA) of the uploaded
structure and calculates its capability to deform at each of its
residues. Non-specialists can easily and rapidly obtain a quantitative
first approximation of the flexibility of their structures with a simple
and efficient interface.

Availability: http://sbg.cib.csic.es/Software/DFprot

Contact: pablo@cib.csic.es

1 INTRODUCTION

Protein structural flexibility is closely coupled to function, as
evidenced by many conformational changes observed on key
cellular process. Thus, inferring the intrinsic molecular flexibility
from a single conformation could offer a direct link to understand
likely large-scale rearrangements. Standard protein dynamics
simulations are too time consuming for studying the large
timescale changes often associated to macromolecular function.
There are, however, faster approximations based on Brownian
dynamics with protein reduced representations that achieve good
results (Sacquin-Mora and Lavery, 2006). In this context, the use
of coarse-grained models and normal-mode analysis (NMA) is an
interesting alternative, especially for relative large systems (Bahar
and Rader, 2005; Ma, 2005). Tirion (Tirion, 1996) was the
pioneer in the combination of NMA with a simplified protein
representation (the so-called ‘elastic network model’) to study
protein movements, but the idea was further refined, validated
and extended by several research groups, including Bahar (Bahar
et al., 1997), Hinsen (Hinsen, 1998), Sanejouand (Tama and
Sanejouand, 2001), Jernigan (Song and Jernigan, 2006) and
Brooks (Zheng et al., 2006). These groups and some others
gathered a wealth of evidence that support the NMA coarse-grain
approximation as a successful tool to simulate deformational
motions of macromolecular complexes at extended length scales,
even from low-resolution structures (Chacon et al., 2003; Kong
et al., 2003). Web-based database systems such as MolmovDB
(Alexandrov et al., 2005), ProMode (Wako et al., 2004) or iGNM
(Yang et al., 2005) give access to numerous examples of the good
correlation between low-frequency normal modes and the
collective, large-amplitude motions observed experimentally.
These tools are complemented with other web servers such as
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Elnémo (Suhre and Sanejouand, 2004), Webnm@ (Hollup et al.,
2005), AD-ENM (Zheng and Doniach, 2003), NOMAD-ref
(Lindahl et al., 2006) or MoViES (Cao et al., 2004) which also
provide online normal-mode calculation with a variety of
functionalities for the analysis of the results.

The location of the chain ‘hinges’ or high deformability areas
can be derived from the normal modes. Here we report a web
server to compute, analyze and visualize main-chain deform-
ability, which is a measure of the capability of a given molecule
to deform at each of its residues. This new measure is deduced by
treating the normal modes as vector fields over the molecule, and
applying the conformal field theory (Kovacs et al., 2004).
Deformability predictions correlate well with the observed
experimental flexibility, as it has been demonstrated previously
by comparing such predictions with the observed flexibility of a
set of kinases solved in at least two different conformations
(Kovacs et al., 2004). In contrast with a recently proposed
methodology based on graph theory (Jacobs ez al., 2001), which
gives a qualitative distinction between rigid and non-rigid
residues, this method gives a quantitative first-order measure of
flexibility. Moreover, these flexibility predictions have been used
to define a ‘relevance measure’ that has been successfully applied
in the generation of multiple receptor conformations from low-
frequency NMA information, thereby providing an efficient
approach to include intrinsic receptor flexibility in ligand
docking and virtual screening (Cavasotto et al., 2005).

The purpose of the web server presented here, called DFprot, is
to make deformability calculations accessible to all structural
biologists and other researchers worldwide. This server combines a
simple input interface with an efficient implementation that
enhances interactivity with a suitable 2D/3D display of the results.

2 IMPLEMENTATION

Starting from a structure file provided by the user in PDB format,
the server calculates the local chain deformability. This is done by
automatically performing the normal-mode analysis on the C,
atoms of the uploaded structure, setting the spring strengths to
Ci,:(ro/r(,-)é, where i,j denote residue numbers, r; is the distance
between the C, atoms of residues / and j and rq was set to 3.8 A,
which is approximately the mean distance between consecutive C,
atoms. For simplicity, we have removed the normalized residue
contact area term from the previous formulation. Using the
residue masses and the spring strengths given above, the Hessian
matrix is diagonalized, yielding 3N — 6 eigenvalues %, and their
corresponding eigenvectors u” (the normal modes of vibration).

© The Author 2007. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oxfordjournals.org 901


http://sbg.cib.csic.es/Software/DFprot

J.l.Garzon et al.

& Molsoft Browser 3.4-8f SBGXP2 [ C:/Documents and Settings/pa... [ [EI[¥]

Fie Edt View Windows Help

=,
FE AR

BT p———"——
aradyts of pour 3D suchaee

Change colous by
DEFORMABILITY Labsl
MOBILITY [abes] o BEACTOR [abs)

Display controls
Ranbonbs [OM] (0FF]
Seconday Swcture L8] I0FFL
Lsbeiskdefa 0 7) [0H) [DEF]
Labels Siyla JA5] JA] 5]
Backgpeund [WHITE] o [HLACE]
ICEMIER VIEW)

v« @ 2ol Bo+a

oo EOos « LI 17 =] 2|3 141 08

Fig. 1. Snapshot of deformability results using iSee methodology.

Considering each mode as a vector field over the molecule,
the deformability is calculated using the following formula
(Cavasotto et al., 2005; Kovacs et al., 2004):

B =3 (1Se @]/ S =L (2% 4 30) Ly, v
Mm\l) = s u n u = B ax; axs 3 Kkl

where Sy» describes how the vector field u” affects (locally) the
shape of the molecule. Also, k, / are indices of spatial coordinates
(1 <k,[<3), § denotes the Kronecker delta function and div the
divergence. The details for the numerical computation of
deformability are described elsewhere (Kovacs et al., 2004).
The server presents the deformability results in a simple 2D
plot. Here the wuser can readily identify the relative
flexibility/rigidity of residues and regions of the protein. The
visualization is extended to 3D by either using the simple Jmol
viewer (www.jmol.org) or the rich ICM-Browser (free at
www.molsoft.com). The generated data files are fully
interactive and use the iSee technology (Abagyan et al., 2006).
The user can view the query structures colored by the
predicted deformability. Since hinge points are highly flexible
regions, a simple way to detect them is by locating the most
deformable regions (colored in red) and checking its structural
reliability with the help of an interactive visualization (Fig. 1). In
addition, the user can analyze the mobility calculated from the
vibrations observed by NMA and experimental B-factors. Note
that mobility and deformability are complementary and different
measures. The relation between them is akin to a relation
between function and its derivative. The deformability is a
measure of likelihood to form a hinge in protein chain, whereas
the protein mobility reflects amplitude of the atomic fluctuations.
Finally, for users who prefer to analyze the results with their
favorite software, raw results can be downloaded. This includes the
deformability/mobility-tabulated data, the eigenvalues and eigen-
vectors of the NMA and the displayed structures in PDB format.
Like other NMA webtools, DFprot offers online animations of the
normal modes. To better display the mode-perturbed structures,
the user also can vary, interactively, the vibrational amplitude.

3 CONCLUSIONS

The web-based server described here offers an effectual way of
computing the first-order flexibility measure of user supplied

protein structures. It provides a quantitative measure of local
chain deformability, along with a simple and convenient
framework to analyze and display such measure on its 3D
structural context. We believe that this web tool will provide
a straightforward link between protein structures and their
potential dynamics.
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