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Abstract In the absence of interlogs, building docking
models is a time intensive task, involving generation of a
large pool of docking decoys followed by refinement and
screening to identify near native docking solutions. This
limits the researcher interested in building docking methods
with the choice of benchmarking only a limited number of
protein complexes. We have created a repository called
dockYard (http://pallab.serc.iisc.ernet.in/dockYard), that
allows modelers interested in protein-protein interaction to
access large volume of information on protein dimers and
their interlogs, and also download decoys for their work if
they are interested in building modeling methods. dockYard
currently offers four categories of docking decoys derived
from: Bound (native dimer co-crystallized), Unbound
(individual subunits are crystallized, as well as the target
dimer), Variants (match the previous two categories in at
least one subunit with 100% sequence identity), and
Interlogs (match the previous categories in at least one
subunit with >90% or >50% sequence identity). The web
service offers options for full or selective download based
on search parameters. Our portal also serves as a repository
to modelers who may want to share their decoy sets with
the community.
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Introduction

Protein-protein docking models provide a mechanistic
description to interactions between protein molecules in
the cell. It is therefore, an important research area that has
drawn a wide attention around the world. The forum for the
Critical Assessment of Prediction of Interactions (CAPRI)
[1], tries to bring together docking modelers in an effort to
improve docking models for novel targets. Research in
modeling of docking faces inherent difficulty when there is
no information on interlogs because a large number of
docking decoys need to be generated followed by structural
refinement and screening. The average time taken by an
Intel(R) Pentium(R) 4 CPU 3.40 GHz Desktop computer to
generate docking decoys for a 50 residue homodimeric
protein is around two hours, while for large proteins it
usually takes days. At a higher resolution search using a
smaller rotation and translation step, the time taken is much
higher. Also, the time taken to generate the decoys does not
scale uniformly with the size of the protein subunits, but is
influenced by its shape and surface properties as well. In
addition to these if flexibility of side- and main-chain is
incorporated into the decoy search, the time requirement is
increased for at least additional (n log n)® operations, here n
is the number of atoms in the system. Under these
circumstances, a modeler is restricted to benchmark his/
her method on only a handful of test protein complexes
(Table 1), unless he/she has an annotated data set and
access to supercomputers or large compute clusters. There
has been some effort in providing standard test sets to assist
modeling method builders, as in Benchmark 3.0 [2] or
DOCKGROUND [3, 4], the latter providing only a limited
set of decoys for evaluation but not sufficient to create a
large test/training set. We offer modelers interested in
developing docking model screening methods, but not
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Table 1 List of docking algorithms and the size of test sets used for benchmarking

Title / Website

Test set size

3D-Garden: http://www.sbg.bio.ic.ac.uk/3dgarden [18] 84
SOFTDOCK: http://bio.iphy.ac.cn [19]. 83
Clustering protein-protein docking predictions [20] 36
ZRANK [21] 62
VorScorE [11] 102
Incorporating intermolecular distance into protein-protein docking [22]. 41
Hydrophobic complementarity in protein-protein docking [23]. 39
Protein-protein docking with a reduced protein model accounting for side-chain flexibility [24]. 18
Zdock [25]. 49
A fast empirical approach to binding free energy calculations based on protein interface information [26]. 10
Electrostatic contributions to protein-protein interactions: Fast energetic filters for docking and their physical basis [27]. 29
Docking unbound proteins using shape complementarity, desolvation, and electrostatics [28]. 27
BiGGER: a new (soft) docking algorithm for predicting protein interactions [29]. 25
Estimation and filtering of potential protein-protein docking positions [30]. 51
PUZZLE: a new method for automated protein docking based on surface shape complementarity [31]. 8

willing to devote a lot of time in generating docking
decoys, a portal to directly download docking decoys and
save significant computing time. Our portal called dock-
Yard, is publicly accessible at http://pallab.serc.iisc.ernet.in/
dockYard. It also allows modelers who spend time
generating their own docking decoys to submit the same
in our repository to share them with the community.
General docking modelers interested only in modeling of
protein-protein docking will find our portal useful for
information on protein dimers and their interlogs.

General scheme

The main aim of the database is to offer a researcher an
opportunity to obtain an extensive set of docking decoys to
assist his/her work. As can be seen from the schematic
diagram (Fig. 1), there are four options to query on different
categories of molecules (i) single protein, (ii) a class of
proteins, (iii) variants of a protein and (iv) models.
Accordingly, four categories of information on decoys and
models for dimeric protein complexes are filtered and sets
of coordinates and transformation matrices satisfying search
criteria are available for download from the dockYard.
The categories are: (i) Docking decoys generated from co-
crystallized (bound) protein structures, (ii) Docking decoys
generated from unbound protein structures (i.e., protein
complexes for which structures of individual subunits are
separately crystallized/available), (iii) Variants: structures
with 100% sequence identity with the previous two
categories, but different in the side-and/or main-chain
conformation, and (iv) Interlogs: protein-complex models
generated based on homology considerations.
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Category (i)

In this category, we have about 9,020,000 docking decoys
generated from 902 X-ray crystallography derived co-
crystal structures of which 796 are homodimeric, and 106
are heterodimeric quaternary structures. The complexes
are filtered using the resolution and R-factor of 2.5 A and
0.2, respectively. The subunit sizes are restricted to at
least 25 residues and with no major errors like chain
breaks, specifically at the protein surface. Protein com-
plexes with ligands exceeding the size of 5 heavy atoms at
the interface are excluded. The filtered set is nonredun-
dant by selecting only one representative so that no two
subunits share >90% sequence identity at the interface.
The data set covers a total of 451 structural classification
of proteins (SCOP) [5] fold classes for homodimers and
89 SCOP fold classes for heterodimers. Information from
the literature, and protein quaternary structure (PQS)
database [6] is used to check if the dimers selected is
biological—82% of the data on the quaternary structure is
confirmed by the PISA server [7]. We did not categorize
the data into obligate, non-obligate, transient, permanent
and so on since there does not exist sufficient physiological
data on the majority of the complexes. As a rule one can
use the fact that most homodimers are obligate, while
heterodimers are not.

Information on ten thousand docking decoys generated
using FTDOCK [8] for each protein complex are stored in
the database (for details see section “Data generation”
below). We categorize these decoys based on the Lrnmsp
measure, in which the root-mean-square-deviation (RMSD)
between the C, atoms of the native complex and the decoy
is calculated after superposing the larger subunits of the two
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Fig. 1 Schematic diagram
showing the general flow of
tasks during the various docking
decoy searches available from
the web interface
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quaternary structures. The minimum Lpysp in the set is
0.7 A and the maximum 144.1 A. Of the 902 dimers, all
have at least one decoy within Lrysp <5.0 A (Fig. 2). 400
dimers have at least one decoy within Lyysp 2.0 A. 728 and
864 dimers are there with at least one decoy within Lrvsp
3.0 A and 4.0 A, respectively. Detailed Lrysp information
for each protein complex can also be obtained from the web
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Fig. 2 Plot showing the distribution of minimum Lgysp in the decoy
set obtained for each protein complex

server (see Fig. 3b). Using the definition based on Irmsp,
one can also categorize the decoys [2]. Irxmsp 1S same as
Lrmsp except that only the interface C,, coordinates are used
for RMSD calculation. Ixpmsp<1.5 A between dimer and its
decoys is termed as a good match, medium matches have
1.5 A<Igmsp<2.2 A, and the poor matches > 2.2 A. For
36% of dimers in the data set, there exists at least one decoy
with Igmsp<1.5 A, 47% cases in 1.5 A<Igmsp<2.2 A range
and 17% cases with Ixpsp>2.2 A.

Category (ii)

In the unbound category, there is a total of 40 dimeric
complexes. We culled unique dimers from Benchmark 2.0
[9], Benchmark 3.0 [2], Gottschalk et al. [10] and Bernaur
et al. [11]. To confirm the oligomeric state, we used
information from both PQS [6] and PISA [7] servers. As
with the decoys in category (i), the side chains / main-chain
of the decoys are not refined, but only rigid body docking
applied using the FTDOCK search as outlined above. In 5
out of the 40 cases there is at least one decoy with Lrpsp<
2.0 A, 23 cases <5 A and all of them <10 A. Additional
unbound cases in the database can be accessed through
query on models and variants. For an example see the
section “An example run”.
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Category (iii)

In the category of Variants, we have included structures
with 100% sequence identity with category (i) and (ii)
above. The modelers using information from this category
will find it useful in performing studies that focus on
conformation variation. The UniRef100 database is used to
find the structures with identical sequence [12]. For
category (i) above, we have 797 more protein subunits for
95 dimers derived from UniRefl100 database. For category
(i1), we have 138 more protein subunits for 14 dimers
derived from UniRef100 database.

Category (iv)

In the category of interlogs, modelers are provided with
homology related information using UniRef90 and Uni-
Ref50 databases. They have the opportunity to apply
homology modeling and model decoys for family based
comparison. These could guide better use of evolutionary
information in improving modeling of docking. The
interlogs have been provided for both bound and unbound
complexes. For bound cases, at 90% sequence identity, 4515
protein subunits representing 428 dimers are derived from
UniRef90 database and 6951 protein subunits representing
609 dimers are derived at 50% sequence identity from
UniRef50 database. For unbound cases, 1380 protein
subunits representing 34 target dimeric complexes and
1830 protein subunits representing 40 target dimeric com-
plexes are derived from UniRef90 and UniRef50 databases,
respectively. It may be noted that although the conservation
of interface residues is more of a consequence than the
overall similarity measure in the interlogs, we have on purpose
based our selection criteria on overall sequence identity
because template matching for model building of interlogs
requires an overall match for satisfactory implementation.

Data generation

The algorithm of Katzir and coworkers [13] implemented
by Gabb et al. in FTDOCK [8] is used for generation of the
docking decoys. The coordinates of the interacting subunits
are first downloaded from the PDB. Thereafter an arbitrary
transformation (translation and rotation) is given to one
subunit (called the mobile molecule) with respect to other
(called the static molecule) to give the initial coordinates for
decoy generation. The FTDOCK program uses a grid box
of 0.875 A to discretize the protein subunits into coarse
elements. An additional surface of 1.5 A in the grid-space is
defined for the static molecule. A rotational sampling step
of 12° is applied on the mobile molecule for generating new
orientations. All decoys generated by the sampling are
scored by the grid correlation function [13] using default

parameters. The 12° rotation and default translations result
in 9240 iterations, from which three best decoys are kept at
each step. These result in 27720 decoys of which the top
10,000 ranked by the grid correlation function are accepted.
The Lrmsp of these decoys is computed and their
transformation matrices along with the initial coordinates
of the static and mobile molecules are saved. These are
directly used as the data resource for our database.

Data transfer method

To facilitate quick downloading of data, and bypass the
downloading of the raw coordinates whose average size per
protein complex is in the order of gigabytes, we have
provided for the users to download the initial PDB
coordinates and the transformation matrices of 10000
decoys. A program/script available as Utilities in the
download page need to be downloaded to run in the client
machine to generate all the coordinates of the docking
decoys as per user defined criteria. This way the user can
generate the docking decoys in their system locally saving a
great amount of time and internet bandwidth. The whole
process takes a few minutes to few hours based on the
number of decoys to be generated and the size of the initial
PDB-coordinate file(s). The time requirement is negligible
in comparison to generating the docking decoys through
sampling search. Please note that supplying the refined
structures would need the raw coordinates and may
unnecessarily overwhelm the internet bandwidth.

Usage

To access all the information in the webserver, we have
provided web pages for browsing and searching to enable
selective downloading, in addition to options for bulk
download. The database provides a search tool to customize
the list of proteins by protein-specific, protein-complex-
specific and docking-decoy-specific parameters. To inform
the modelers on the accuracy of stereo-chemical data in the
native complex, we have included information on resolu-
tion, R-factor and AEROSPACI score. Other protein
specific parameters include the PDB identifier, UniRef
information, PDB header, space group, SCOP class, and
complex type. The dimeric complex related information
like chain length of dimers, interface area and number of
residues interacting at the interface is also provided. We
have provided the modelers a way to filter docking decoys
by specifying the range of Liysp from the native complex
structure. The result of the query will show the number of
docking decoys present for that PDB within the specified
Lrmsp range at the Number of docking decoys column
(Fig. 3a). Modelers interested only in generating interlog-
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based models can suitably use the Lrysp criterion to
extract near native templates to build homology models.
The initial coordinates of the templates and the transforma-
tion matrices can be obtained by accessing the PDB
hyperlink (Fig. 3b); experimental protein-protein interaction
can also be accessed from the DIP hyperlink. The user can
choose various parameters outlined above to prepare a
customized list for searching and selectively downloading
decoys. In all cases, the user may use his/her choice of a
refinement algorithm to optimize interface packing geom-
etry of the downloaded decoy/model. To facilitate smooth
usage of the website, we have further provided help pages
and tutorial pages.

Integrating information from various databases

We have incorporated information from UniRef, in order to
extend the coverage of information on protein complexes
irrespective of resolution and R-factor. The concept of
interlogs is used in exploiting the available information on
clustered sets of sequence in the UniRef database. We have
been able to include 7003 interlogs, based on the 902 bound
complexes, and 1830 interlogs based on 40 target complexes
in unbound category. In the search page, the modeler can input
PDB name of his/her choice and get representative docking
decoys/models based on sequence identity measure derived
from the UniRef100, UniRef90 and UniRef50 databases.

Sequence of an individual subunit in hetero-complex
belongs to separate clusters in the UniRef database.
Therefore, in our query for hetero-complex, we show
results for complexes in all those clusters where the
sequence for at least one subunit shows a match. The
information on output complex is useful in doing
various categories of predictive docking: (i) native, (ii)
pseudo-native, and (iii) modeled. While the information
on native structures is directly available from our
database, UniRef can assist in finding pseudo-native
interacting partners based on homology. UniRef may
also be used to find templates for modeling subunits
that can be docked.

Getting an idea about the similarity of protein structure
of the interlogs from sequence perspective alone may not be
sufficient; therefore, we have also included the SCOP
information. Corresponding to each chain there may exist
one or more fold classes according to SCOP classification,
which are listed in query result page under the column
SCOP (Fig. 3a). There is also an option of selecting
proteins having at least one occurrence of a particular fold
class.

To allow users to have an idea if a certain complex
listed in our database has been validated by large-scale
experimental assay such as yeast two-hybrid, etc., we
have incorporated the protein interaction data from the
Database of Interacting Proteins (DIP) [14]. Wherever

Table 2 A comparison of our database dockYard with docking resource-DOCKGROUND

Parameter/feature Database

dockYard DOCKGROUND
Resolution Available Available
R-factor Available Not available
Aerospaci Score Available Available
Mutimeric state and homo/hetero N-ary Not applicable Available
Complex type Available Available
Interface area Available Available
Number of interface residue Available Available
SCOP number Available Available
GI number Not available Available
Space group info Available Not available
Option for alternative binding mode, disordered, DNA/RNA, ligand Not applicable Available
Option for S-S bonds between chains Not available Available
Option for membrane associated Not available Available
Option for tangled Not applicable Available
Interlogs (using UniRef from UNIPROT database) Available Not available
Docking decoys Available Limited
Lrmsp screening for docking decoys Available Limited
DIP information Available Not available
Community participation Available Not applicable
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the interacting partner as reported by DIP has PDB
identifier, we have listed them along with DIP identifier
hyper-linked under the column DIP in query-result page
(Fig. 3b).

An example run

dockYard presents a significant advantage over other decoy
databases by presenting a large volume of information
available through integration of SCOP, UniRef and DIP
information. The presence of UniRefl00, UniRef90 and
UniRef50 information extends dockYard beyond the 902
bound and 40 unbound complexes by allowing users to test
and model new quaternary structures. For example, PDB
ID: 1AAR and PDB ID: 2JNH, which are not present in
dockYard database when queried with UniRef90 as a search
option will output the same information corresponding to
PDB ID: 200B. 200B is a hetero complex with its B and
A subunit having 100% sequence identity with 1AAR:A/B
and 2JNH:A, respectively. While 1AAR contains a pair of
chains from ubiquitin [15], 2JNH contains only a single
chain for UBA Domain from Cbl-b [16]. dockYard
therefore, easily allows a user to find a template on which
a complex of Ubiquitin and UBA Domain be modeled. To
be able to use the decoys in dockYard for these two chains,
one needs to transform the coordinates such that they
superpose onto the initial coordinates of 200B. Any open
source softwares like ProFit (http://www.bioinf.org.uk/
software/profit/), POLYPOSE [17] may be used. The
transformed and saved coordinates, which serve as the
initial coordinates for IAAR and 2JNH can now be used
with the transformation matrices available from 200B to
generate the decoys. These decoys can be used to test a
scoring function for predictive docking where 1AAR:A/B
and 2JNH:A are the unbound docking partners and 200B
is the target protein complex. A similar exercise can be
undertaken for any other protein whose coordinates are not
known, but there exist a homolog in our database whose
coordinates are known and can be used as a template to
generate a new structure model.

Comparison with other resources

Our database is unique that it can provide comprehensive
information on protein dimers, including the coordinates for
their 10000 decoys. Two other database with a similar
objective, called BENCHMARK 3.0 [2] and, DOCK-
GROUND [3, 4] attempts to provide similar information
like ours. BENCHMARK 3.0 provides a total of 25 unbound
decoys, which are dimers as per PISA server [7]. There is no
search and query system, only flat-file download of decoy
sets for individual complexes and sequence information. In

comparison, we provide 40 dimers in our dataset, and a
search and query system. DOCKGROUND also provides a
limited number of decoys, which is not very helpful in
creating large test/training sets required to perform com-
prehensive docking model studies. After the first release of
this database, we plan to further streamline decoy submis-
sion by external users to enhance community-based efforts.
Below we summarize a comparison of parameters/features
available from our website and DOCKGROUND (Table 2).
Important differences are: (i) ours is a database for dimeric
complexes, with a plan to upgrade on multimeric com-
plexes in the future. Dimeric complexes form the bulk of
the complexes currently available in PDB, and therefore,
we have focused on them in the current release. (ii) We also
restrict our focus to protein-protein complexes alone and
exclude information on heteroatoms, ligands, DNA/RNA.
These are also potential additions in a future release. (iii)
Keeping with our focus to aid modelers with more docking
decoys, we have introduced interlogs in our databases,
which is not available in any other publicly accessible
database.
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