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ABSTRACT

Information-driven docking is currently one of the most successful approaches to obtain structural models of protein inter-
actions as demonstrated in the latest round of CAPRI. While various experimental and computational techniques can be
used to retrieve information about the binding mode, the availability of three-dimensional structures of the interacting part-
ners remains a limiting factor. Fortunately, the wealth of structural information gathered by large-scale initiatives allows for
homology-based modeling of a significant fraction of the protein universe. Defining the limits of information-driven dock-
ing based on such homology models is therefore highly relevant. Here we show, using previous CAPRI targets, that out of a
variety of measures, the global sequence identity between template and target is a simple but reliable predictor of the
achievable quality of the docking models. This indicates that a well-defined overall fold is critical for the interaction. Fur-
thermore, the quality of the data at our disposal to characterize the interaction plays a determinant role in the success of
the docking. Given reliable interface information we can obtain acceptable predictions even at low global sequence identity.
These results, which define the boundaries between trustworthy and unreliable predictions, should guide both experts and
nonexperts in defining the limits of what is achievable by docking. This is highly relevant considering that the fraction of
the interactome amenable for docking is only bound to grow as the number of experimentally solved structures increases.
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INTRODUCTION specific network operates begs for high-resolution struc-
tural information. Yet, experimental structural characteri-
zation of protein interactions is progressing slowly as
compared to our increasing knowledge of the interac-

tome. At the same time, we have access to a wealth of

Bruce Alberts referred to the cell as a “collection of
protein machines”.! This simple definition masks the
complexity behind the machinery that indeed governs all
processes essential to life. Much like most machines
interface with others of their kind to collaboratively

achieve a greater goal, proteins in the cell are organized
in pathways, or networks, which are regulated with a for-
midable complexity.2>3 These networks, collectively called
the “interactome,” are the fabric of life itself. Unfortu-
nately, and despite decades of research, a large fraction
of the interactome remains in the dark, unknown, and
therefore beyond our reach.4

While cellular biology and molecular biology often
answer the “what” and “where”, knowledge of “how” a
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information that could potentially be used in computa-
tional structure prediction algorithms. %>

Predicting the structure of a protein—protein complex
in silico is not novel® and can nowadays be carried out
using one of two major methods: comparative modeling
or computational docking. Comparative modeling relies
on the notion that a pair of interologs (conserved inter-
action between a pair of proteins, which have interacting
homologs in another organism) often shares the same
binding interface.” However, this approach can only reli-
ably target a fraction of the interaction space: interac-
tions for which no interologs can be found, or for which
those found are below the threshold of reliability, cannot
be modeled by comparative methods. Also, sequence
similarity does not always convey interaction similarity,8
nor even interaction specificity, as illustrated by a recent
study on enzymes of the ubiquitination pathway.? In
contrast to comparative modeling, computational dock-
ing predicts the structure of protein interactions from
the structures of the unbound interacting partners by
performing a search in the interaction space and assess-
ing each model based on some scoring function. Com-
munity efforts on blind predictions (CAPRI)10-13 have
shown that explicit integration of experimental informa-
tion during the docking calculations is valuable and
increases their accuracy considerably.13,14

Regardless of the approach chosen, there is always the
need for a three-dimensional (3D) structure of the inter-
acting partners to start the modeling process. Large-scale
structural genomics initiatives such as the Protein Struc-
ture Initiativel® make it possible, to a certain degree, to
find a sequence homolog with known structure, which
can then be used to build a 3D model of the protein of
interest. This, combined with the availability of homol-
ogy modeling algorithms through web interfaces,16:17
makes it rather simple for nonexperts to build models
that can serve as input for docking predictions. However,
simply put, a completely wrong model will never yield a
good prediction. Akin to the notion of “twilight zone” of
sequence alignment for homology modeling!8 that
defines the sequence identity/similarity limit from which
one can expect to build a reliable model, there must be
an equally important “zone” where homology models are
suitable for docking. The definition of this “twilight
zone” for protein interaction modeling from homology
models is therefore critical for single docking predictions
and, perhaps more importantly, for high-throughput pre-
dictions of entire interactomes.

In this work, we address these concerns and identify
the most suitable predictive metric for the reliability of
homology-based information-driven docking. Using pre-
vious CAPRI targets for which information-driven dock-
ing has proven successful,ll=13 we generate by
homology modeling structural models of varying
sequence identities and perform docking with HAD-
DOCK,19_21 using the same information wused in
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CAPRI. We analyze several sequence- and structure-based
metrics, and discuss the impact of the quality of the
homology model on the information-driven docking pre-
diction. The influence of the quality of the interaction
data on the final models is also analyzed. This allows us
to define the limits of the achievable quality of a docking
model for a given quality of a homology model. These
are independently corroborated by our prediction results
obtained in the last CAPRI rounds, which are also
shortly discussed and summarized here.

MATERIAL AND VMIETHODS

Dataset of protein-protein complexes

To assess the impact of the quality of a homology
model in information-driven docking, we used protein—
protein complexes from previous CAPRI targets (from
rounds 4-19, Target 12 to Target 42) for which we had
obtained a successful prediction. We only considered
complexes for which at least one of the interacting part-
ners has sequence homologs with an experimentally
determined structure. These represent “real-life” scenar-
ios. Protein—protein complexes presented in the last
rounds of CAPRI were used as an independent validation
set. The complexes that met the criteria and those used
for validation are listed in Table I.

Homology modeling of interacting partners

Homology modeling was performed using a simple
and straightforward protocol, detailed in the Supporting
Information Material section. Thirty models per interact-
ing partner/template pair (10/alignment method) were
generated, resulting in a total of 870 different models
across the entire dataset (for a total of 29 homologs for
6 targets—see Table I). Unaligned regions that resulted
in long disordered loops or termini were removed.

Information-driven docking predictions using
HADDOCK

We performed docking predictions for all targets using
the various homology models of each chain and the ref-
erence bound structure of the other partner. In addition,
for each target, bound-bound docking was performed to
measure the best possible outcome. Homology model-
homology model docking was not performed since it
would be more difficult to isolate the impact of a given
model on the docking results quality. This scenario is
however present in the independent set from the current
CAPRI rounds.

Two sets of restraints were used for each run: CAPRI
interface restraints and true interface restraints. The
CAPRI restraints comprise the information used during
the corresponding CAPRI round, which is described in
detail in previous publications2%-29 and is available upon
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Table |

Dataset Collected for Measuring the Impact of Homology Models on the Docking Predictions
- - _____________________-_________________________________________________|

Number of homologs Sequence identity of

CAPRI target number PDB ID Protein name found homologs (%)
Analysis set
T122 10HZ Cohesin 3 31-71
Dockerin 2 37-46
T1823 176G Xylanase 0 -
TAXI 4 37-51
T2624 2HQS TolB 0 -
Pal 4 21-69
T277 2025 E2-25K 3 22-39
Ubc9 4 29-55
14025 3E8L Serine proteinase inhibitor A 3 34-82
Cationic Trypsin 0 -
74126 2WPT Im2 immunity protein 4 50-63
Colicin-E9 2 66-67
Validation set
4627 3087 Trm112p-like protein 1 19
Methyltransferase small domain 1 12
75028 3R2X Influenza Hemagglutinin 0 -
HB36.3 designed protein 1 85
T53° n/a Rep4 1 67
Rep2 0 -

. _______________________________________________________________________________________________________________________________________________________________|
“Walker JR, Avvakumov GV, Xue S, Newman EM, Mackenzie F, Weigelt J, Sundstrom M, Arrowsmith CH, Edwards AM, Bochkarev A, Dhe-Paganon SA. Novel and
unexpected complex between the SUMO-1-conjugating enzyme UBC9 and the ubiquitin-conjugating enzyme E2-25 kDa (to be published).

“Designed Rep4/Rep2 a-repeat complex, by Minard P, Graille M. (Université Paris-Sud, France), in preparation.

request. True interface restraints were derived from the
reference structure of the complex (all residues on each
chain at a minimal atom distance cut-off of 5 A from
any residue in the other interacting partner), and
included as ambiguous interaction restraints (AIRs).

All docking predictions were performed with HAD-
DOCK19:20 (beta version 2.2), using CNS30 (version
1.3) for the structure calculations, with default settings,
except for the number of models, which was set to match
our previous CAPRI submissions. The HADDOCK score
(explained in detail in the Supporting Information), used
to rank the generated models after water refinement,
consists of a weighted sum of physics-based energy terms
(electrostatics and van der Waals) complemented by an
empirical desolvation energy term (Egesony)?! and a
restraints energy term (Eajgr), as defined in Eq. (1):

HADDOCK Score = 0.2 X Egjec + 1.0 X Eygw
+ 1.0 X Epesoy + 0.1 X Ear

Structural quality and docking predictions
assessment

To compare the structures of the homology models to
those of the native proteins, individually or in the com-
plex, two metrics based on the root mean square devia-
tion of atomic coordinates (RMSD) were used:

e backbone RMSD (bbRMSD), calculated between two
chains and on the backbone atoms of the molecules
(Ca, C, N, O).

o interface RMSD (iRMSD), as defined by CAPRI,lo cal-
culated on the backbone atoms of residues within a
minimal atom distance cut-off of 10 A of any residues
of a different molecule of the complex. When compar-
ing single homology models to the crystal structure,
this metric refers only to the interfacial backbone
atoms of that partner.

To assess the quality of the restraints we calculated
both precision and recall as defined in the equations
below:

L correctly predicted residues
Precision= yP

predicted residues

correctly predicted residues

Recall= ; -
true interface residues

Predictive and measured indices for model
quality

A previous study on the impact of homology models
in protein-ligand docking32 used several sequence- and
structure-based indices to assess the quality of the mod-
els on the docking predictions. These are divided into
two categories: “predictive” and “measured” indices. Pre-
dictive indices are those that can be calculated without
prior knowledge of the structure of the complex, and
can, therefore, be used to estimate the success of the
docking prediction from the homology models. Meas-
ured indices are calculated knowing the structure of the
complex and are used here to define the quality of a
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Figure 1

TVSMod_RMSD (A)

Correlation of sequence- and structure-based indices of homology models with docking model quality (see Supporting Information for a descrip-
tion and references of the methods used to calculated them). (A) Absolute Spearman correlation coefficients of the various indices with the back-
bone iRMSD from the native complex structure. (B) Correlation plot of sequence identity between target and template with the iRMSD of the best
model produced using true interface restraints. (C) Correlation plot of TVSMod_RMSD score of the homology model and the iRMSD of the best
model produced using true interface restraints. The corresponding Spearman rank correlation coefficients (p) are indicated in the figures.

docking prediction. See Supporting Information Table SI
for details.

RESULTS

Correlation of predictive indices with
docking model quality

We first performed a correlation analysis in order
to assess if a particular index showed a predictive
trend with respect to the quality of the final docking
model [Fig. 1(A), Supporting Information Tables SI
and SII]. All indices are described in detail in the
Supporting Information. Sequence-based indices (e.g.,
sequence identity over the entire sequence or on the
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interface only) show relatively high and uniform corre-
lations (~0.7 absolute Spearman rank correlation coef-
ficient). Structure-based indices, on the other hand,
show a larger degree of heterogeneity, with coefficients
ranging from ~0.3 to ~0.7. Overall, the highest coef-
ficients are observed for the TVSMod_RMSD (0.73),33
backbone iRMSD between model and template (0.73),
and global sequence identity (0.70). The Qmean34
and Verify3D3° indices show the lowest correlation
coefficients of all (0.39 and 0.37, respectively). The re-
maining indices have coefficients that fluctuate around
0.60.

We analyzed in more detail a representative of the
sequence-based indices and another based on the struc-
tural properties of the model. For the sequence-based
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indices, we opted for sequence identity as it is easily
derived from the alignment to be used in the modeling.
As expected, as the sequence identity decreases, the qual-
ity of the model worsens [Fig. 1(B)]. Interestingly, even
at very low identities, well inside the “twilight zone” of
traditional homology modeling (~30% identity), our
information-driven docking approach still produces
near-native models (<3.5 A iRMSD). The best correlat-
ing of the structure-based indices is TVSMod_RMSD.?’3
It is based on support vector machine regression models
and aims at predicting the RMSD and the fraction of Ca
atoms of the model within 3.5 A of those of the native
structure after rigid superimposition. TVSMod_RMSD
shows a similar trend as the sequence identity, although
seemingly more discriminatory at lower iRMSD values
[Fig. 1(C)]. Models that are predicted to be within 2 A
of the native structure produce, in general, docked mod-
els within 2.5 A of the native complex. Beyond the 2 A
predictions, the correlation is less well defined, although
there is still an observable trend.

Assessment of the impact of the quality of
the data in the docking calculation

Although the quality of the homology model plays a
large role in defining the success of the docking calcula-
tion, in information-driven docking the quality of the
data is also quite relevant. To quantify this, we ran dock-
ing calculations with both perfect interface definition,
derived from the crystal structure, and interface defini-
tions as obtained from literature and/or bioinformatics
predictions during the CAPRI round that produced the
target (i.e., a reflection of what a researcher would have
at hand in a real-case scenario). As expected, true inter-
face restraints (meaning that the correct interface resi-
dues were used to define AIRs, which does not restrain
the relative orientation of the molecules) produced very
accurate results, with all models under 3.5 A iRMSD of
the native complex structure [Fig. 2(C,E)]. However,
models produced using CAPRI restraints are highly
dependent on the quality of the used information [Fig.
2(B,D)]. We calculated the precision and recall of the
collected interface information with respect to the native
interface [Fig. 2(A)]. The precision of the information
across all targets was very high (above 80%), meaning
that most of the data used to drive the docking were cor-
rect (these had been obtained from literature and bioin-
formatics  predictions29:29:36,  The recall was also
reasonably high (in general above 50%), meaning that
the fraction of the interface that was targeted was suffi-
cient to avoid ambiguity during the calculations. The
combination of these factors contributed to a good suc-
cess rate and low iRMSD values for most targets. The
exception was T18, in which the interface information
for chain B was very narrow (recall 0.05), while for chain
A the values of both precision and recall—0.38 and 0.31,

respectively—were low. This led to docking solutions
that were in general worse than for the other targets.

We also assessed if the quality of the homology model,
measured by the sequence identity of the template to the
target sequence, had a large impact on the ranking of the
docking models at the last refinement stage in HAD-
DOCK (Supporting Information Fig. S1). Again we
observed that the quality of the data plays a more impor-
tant role than the quality of the homology model, since
the ranking of the final solutions is largely independent
of the sequence identity.

Correlation of measured indices with
docking model quality

Besides calculating predictive indices, which can be
used to assess a priori whether a homology model will be
able to produce a good docking model or not, we calcu-
lated a series of measured metrics that compare the indi-
vidual models with the bound structure in the complex
[Fig. 1(A)]. These, of course, cannot be used without a
priori knowledge of the native complex. The structure-
based metrics were: Cao RMSD, backbone iRMSD, side-
chain iRMSD, and GDT-TS. All had high correlation
coefficients with the quality of the docking models as
measured by iRMSD, with the highest value found for
the side-chain iRMSD of the model to the native com-
plex (0.94). The correlation coefficient obtained for back-
bone iRMSD was the lowest of all four (0.69) but still
reasonably high when compared with the predictive indi-
ces. We also calculated the sequence identity at the inter-
face to assess its importance in defining the quality of
the final models. Surprisingly, it shows only a slightly
better correlation (0.71) as compared to global sequence
identity, which can be calculated without knowledge of
the native complex.

Impact of the flexible refinement on the
quality of the docking predictions

The information used to drive the docking is trans-
lated generally into ambiguous distance restraints
between residues on the surface of the proteins. This has
particular importance during the flexible refinement
stage, since interface residues are granted larger freedom.
An analysis of the difference in iRMSD from the native
structure between the initial rigid-body docking models
and the final refined models reveals modest improve-
ments up to about 1 A RMSD changes [Supporting
Information Fig. S2(A and B)]. A large fraction of mod-
els, however, does not improve or even deteriorates
slightly, as it is typically observed in molecular dynamics
simulations. Interestingly, the best improvements belong
to cases with low template identity [Supporting Informa-
tion Fig. S2(C and D)]. The quality of the restraints also
plays a role in the extent of the improvement: using true
interface restraints shifts the distribution of the
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2Influence of the quality of the interaction data on the docking results. (A) Precision and recall metrics (see Methods section) on the interface informa-
tion used as restraints to drive the docking process (color-coded by CAPRI target). (B and D) Correlation plot of sequence identity and TVSMod_RMSD
of the homology model with the iIRMSD from the native complex of the best docking solution based on CAPRI restraints. (C and E) Correlation plot of
sequence identity and TVSMod_RMSD of the homology model and the iRMSD from the native complex of the best docking solution based on true

interface restraints.
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Table Il

Performance of HADDOCK in Recent CAPRI Rounds

Target Target Manual submission HADDOCK server Uploaded structures Scoring
name PDB Id type Manual submission performance HEX[RX [ i HEK R [ HEK XXX
14627 3087 HH 0 1 0 1 0100 0 0 0/0/3 0/0/10 0/0/22 0/0/2
14737 3U43 uu g g2 B2 4/6/0/ 9/1/0 112/88/0 91/0
T48% N/A uu 0000 O0O0OTI1TT1TOWDO 0/0/2 0/0/0 0/0/28 b
T49° N/A uu 0000 O0OT1O0TUO0TGOOTUWD 0/0/1 0/0/3 0/1/30 b
5028 3R2X HU 00000 0E8TESOO 0/2/0 0/0/0 0/15/10 0/0/2
75138 N/A UUHU(U) 0 0 0 0 0O 0 1 1 0 O 0/2/0 0/0/0 0/1/7 0/0/0
T53° N/A UH B 2 EZooooo0 01 0/3/1 0/0/0 0/3/43 0/3/5
T549 N/A UH 00000 O0OOTU OTG OO 0/0/0 0/0/0 0/0/1 0/0/0
T57¢ 4AK2 uu 01 01 000@O0O0 1 0/1/3 0/1/1 Not assessed Not assessed
15839 4G9S uu 0 0 000 0 O0OTO0TT O 0/0/1 0/0/0 Not assessed Not assessed

We did not participate in the scoring round for targets T48/49. T52 was canceled and T55 and T56 were special scoring experiments, discussed in detail elsewhere. %

0

The gray shading indicates the quality of the ranked predictions: high: black; medium: dark gray, and acceptable: light gray. The uploaded structures comprise 200 mod-
els corresponding to both sets of 100 models from the manual submission and from the server submission. The scoring column concerns the manual submission of the
10 best scored models according to HADDOCK from the pool of submissions from all research groups who contributed models to the scoring experiment.

“T48-49 T4moC/T4moH mono-oxygenase complex, by Fox B, Bailey L, Acheson J. (University of Wisconsin), in preparation.

"HADDOCK did not participate in this scoring round.

“Designed Rep4/Rep2 a-repeat complex, by Minard P, Graille M. (Université Paris-Sud, France), in preparation.
“Designed neocarzinostatin/Rep16 a-repeat complex, by Minard P., Graille M. (Université Paris-Sud, France), in preparation.
A protein-polysaccharide complex, by Basle A, Lewis R. (Newcastle University, UK), in preparation.

differences in iRMSD between initial and docked model
towards more negative (better) values and in general
larger improvements. In these cases, the restraints were
thus instrumental in improving the model or preventing
it from deviating from the correct conformation. In gen-
eral, these observations are in line with previous studies
showing that the impact of flexible refinement is limited
with typical maximal improvements in the order of 1.5
to 2.0 A (see Fig. 2 in de Vries et al.20,

Performance of information-driven docking
with homology models in recent CAPRI
rounds

The recent CAPRI rounds (22-27) provided a wealth
of targets that required homology modeling with half of
these requiring modeling of at least one of the binding
partners. They can thus serve as an independent dataset.
Table II reports the success rate of HADDOCK in these
last rounds. Out of 10 targets, HADDOCK was successful
in nine of them, corresponding to an unequaled 90%
success rate when considering the manual submission
entries. The HADDOCK server automated submission
successfully predicted four out of 10 targets (40% success
rate), but interestingly, in three of these targets (T46,
T47, and T49) it outperformed the manual submission.
In one, T48, the interaction information provided by the
organizers (low-resolution SAXS data) did not improve
the scoring of the models. In fact, the lowest fit to the
SAXS data, with a xz value close to that of the native
crystal structure, belonged to a very different and wrong
model. Instead, the application of a novel hydrophobicity
potential4l in the standard solvated docking algorithm
of HADDOCK#42-43 yielded the only acceptable solution
submitted for evaluation. Overall, these results rank

HADDOCK as one of the best docking software to par-
ticipate in CAPRI (and the best one in this round), rein-
forcing the idea that data-driven docking is a very
successful approach to model biomolecular interactions.

Of the five targets requiring homology modeling, we
could only analyze three, as the crystal structures are not
yet all publicly available (Table II). The sequence identi-
ties of the models produced for CAPRI targets T46, T50,
and T53 correlate nicely with the final quality of our
best model (Fig. 3). The precision and recall rates for the
information used to drive the docking were also
extremely high (Fig. 3), in particular for target T46, in
which we produced the only one-star models by CAPRI
criteria (<4 A iRMSD) despite the very low sequence
identity to the templates used for the modeling: 12 and
18% (refer to the Supporting Information for a descrip-
tion of the restraints used in this target).

DISCUSSION

Sequence identity is a simple yet reasonably
accurate predictor of docking success

The analysis of all sequence- and structure-based indi-
ces showed that none performs significantly better than
the others. Sequence identity and similarity perform
equally well (correlation coefficients of 0.70 and 0.69,
respectively) and are trivial to calculate, requiring no fur-
ther information than the pairwise alignment. Interest-
ingly, the sequence identity at the interface is only a
marginally better predictor (correlation coefficient of
0.71), which suggests that the overall fold of the mole-
cule is relevant for a good arrangement of the interface
and thus for the success of the docking.
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Relationship between sequence identity between target and template
with iRMSD from the native complex of the docking models obtained
using CAPRI restraints. Recent CAPRI targets (in black and labeled)
nicely follow the predicted trend line from the homology-based docking
study in this work. Inset Table Precision (P) and recall (R) of the infor-
mation gathered for each target. Information for T53 is not yet publicly
available.

Structure-based indices show a rather heterogeneous
performance. The QMean,3’4 Molprobity,44 and Veri-
fy3D35 metrics all evaluate the structural properties of
the model, such as amino acid packing, distribution of
torsion angles, etc. (Supporting Information Table S1).
Since the homology models undergo a slight refinement,
it is not expected that they have severe clashes or other
deviant structural features. Nevertheless, Molprobity was
very discriminative of native structures, attributing to
these very low scores (almost always below 15 a.u.) in
contrast to scores above 70 for the majority of the
homology models. The scoring between the homology
models was, however, heterogeneous and did not corre-
late with the docking results. Finally, the backbone
iRMSD between model and template, a direct structural
comparison measure, showed the highest correlation
coefficient, on par with TVSMod_RMSD (0.73), and bet-
ter than the overall structural similarity between the two
structures (0.56).

The quality of the interaction restraints has
a greater impact than the quality of the
homology model

Information-driven docking narrows the conforma-
tional landscape of association of the molecules to the
fraction that respects that information. Furthermore, if
the information is integrated in the energy function used
in refinement (i.e., not only for scoring), there is an
added benefit of driving the interface refinement. Our
results are in agreement with these assumptions, since
docking calculations using literature-based information
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[CAPRI restraints, Fig. 2(B,D)] show worse results than
those using true interface restraints [Fig. 2(C,E)]. The
impact of the quality of the restraints is illustrated in the
runs of TI18, where precision and recall values were
extremely low and the models were accordingly of bad
quality (iRMSD over 4 A). Overall however, despite
starting the modeling process with templates as low as
20% sequence identity, the docked models are still quite
reasonable (within 3 A iRMSD), provided that the inter-
action information is reliable. This thus stresses the
importance of the quality of the data over that of the
model. The scoring of the models, helped by the inter-
face information, is also robust enough to discriminate
good quality models, regardless of the identity of the
template used in the homology modeling. This again
reinforces the notion that the quality of the data is more
important than that of the model, since good data can
refine a bad model and discriminate which solutions are
closer to the native structure, while weak data pollute the
docking protocol even when the model quality is
reasonable.

Defining the limits of homology modeling in
information-driven docking

On the basis of these observations, we can predict the
quality of information-driven docking predictions given
the sequence identity of the templates used to build the
homology models (Fig. 3). Assuming reliable interface
information, a homology model built with a template
sharing 20% sequence identity can be expected to pro-
duce docking models within 4 A iRMSD of the native
complex. As the target-template identity increases, so
does the expected quality of the final models. For exam-
ple, most of the 60% identity models produced docking
solutions around 2 A iRMSD. This is likely to represent
an overestimate of the achievable quality since one of the
docking partners was taken in its bound form. Still, it is
striking to see that the recent CAPRI targets, which were
all homology—homology or homology—unbound docking
cases, nicely follow the trend line of our model. This
would indicate that the achievable docking quality is lim-
ited by the lowest sequence identity component of the
interaction partners—in other words: the worse approxi-
mation defines the limits of your model.

The reliability of the information is of course hard to
estimate. During a CAPRI round, most of the informa-
tion is gathered from literature databases and bioinfor-
matics predictions in the 24-hour period that comprises
the server submission. All in all, this essentially means
that reliable information is not so scarce as one might
imagine. Finally, the homology modeling approach used
in this study is standard, not using advanced refinement
methods such as those available in structure prediction
servers. 17542 Asg such, the presented results can be con-
sidered a baseline, which can be further improved by
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expert knowledge of the system under study and/or more
powerful structure prediction methods.

CONCLUSIONS

Information-driven docking is one of the most reliable
and accurate prediction methods for modeling biomolec-
ular complexes. Yet, it needs structural information of the
interacting partners as starting point. Given the easy
learning curve and widespread availability of homology
modeling methods, experimentalists are bound to use
them in docking in the absence of experimental alterna-
tives. We have shown here that the global sequence iden-
tity between the target sequence and the template used for
the modeling of the 3D structure is predictive of the
achievable quality of the docking models. Nevertheless,
the quality of the information used to drive the docking
remains highly relevant and plays an important role in the
outcome of the docking predictions. For templates well
inside the so-called “twilight zone” of sequence identity
(~30%), good interface information is sufficient to pro-
duce models within 4 A interface backbone RMSD. In
contrast, bad quality information can severely diminish
the success rate of the docking, even with models built
with up to 60% sequence identity. These results allow
assessing the suitability of a homology model in
information-driven docking and set the stage for more
confident predictions even in scenarios where the identity
between the template and the sequence is remote, pro-
vided that the information on the interaction is reliable.
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