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ABSTRACT

Protein interactions are essential for cellular processes. In recent years there has been
significant progress in computational prediction of 3D structures of individual protein
chains, with the best-performing algorithms reaching sub-Angstrom accuracy. These
techniques are now finding their way into the prediction of protein interactions, adding to
the existing modeling approaches. The community-wide Critical Assessment of Predicted
Interactions (CAPRI) has been a catalyst for the development of procedures for the
structural modeling of protein assemblies by organizing blind prediction experiments. The
predicted structures are assessed against unpublished experimentally determined
structures using a set of metrics with proven robustness that have been established in
the CAPRI community. In addition, several advanced benchmarking databases provide
targets against which users can test docking and assembly modeling software. These
include the Protein-Protein Docking Benchmark, the CAPRI Scoreset, and the
DOCKGROUND database, all developed by members of the CAPRI community. Here we
present CAPRI-Q, a stand-alone model quality assessment tool, which can be freely
downloaded or used via a publicly available web server. This tool applies the CAPRI
metrics to assess the quality of query structures against given target structures, along
with other popular quality metrics such as DockQ, TM-score and /-DDT, and classifies the
models according to the CAPRI model quality criteria. The tool can handle a variety of
protein complex types including those involving peptides, nucleic acids, and
oligosaccharides. The source code is freely available from https://gitlab.in2p3.fr/cmsb-
public/CAPRI-Q and its web interface through the DOCKGROUND resource at

https://dockground.compbio.ku.edu/assessment/.
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INTRODUCTION

Protein interactions play a central role in most biological functions. Structural
characterization of protein interactions is important for fundamental biology, as well as for
prevention and treatment of diseases. Experimental techniques for protein structure
determination have provided a wealth of data over the past half century, as evidenced by
the rapidly growing Protein Data Bank (PDB)[1]. However, these are often time
consuming and encounter difficulties on certain types of proteins [2, 3]. Experimentally
determined protein structures are available for only a fraction of known proteins [4]. Due
to those limitations, computational approaches are essential and complementary to the
experimental methods for structural studies of proteins and their complexes. Methods for
predicting the structure of protein complexes from structures or sequences of the
individual components (protein docking or modeling of protein assemblies) have improved
over many years through integration of sophisticated energy functions, better sampling of
the energy landscapes, and incorporation of existing knowledge on protein structures and
interactions, including deep learning [5, 6]. Many protein docking and assembly modeling
tools are publicly available, including a number of fully automatic servers. The number of
these tools is growing as a result of the continuous methodology developments by the
structure prediction community.

Adequate assessment of the quality of docking/modeling tools is a complicated
task. Over the past decade there has been a sharp increase in the number of docking
tools, with > 60 available for commercial and academic use [7]. This trend has accelerated
with the introduction of powerful deep-learning approaches [8, 9]. Benchmarking new

tools is often accompanied by comparison to a limited number of alternative tools, tested



on a relatively small number of structures, typically randomly selected and lacking
structural diversity [10]. Furthermore, since many docking programs are regularly
updated, studies comparing different docking techniques quickly become obsolete,
creating demand for new evaluations [11]. The authors of new docking tools also tend to
provide their own evaluations, often achieving better results than the average user, due
to a deeper understanding of their own algorithm and of the associated tunable
parameters [10, 12]. They may also opt to focus on quality assessment approaches that
are favorable to their tool. These reasons point to the need for a standard publicly
available resource for the assessment of assembly modeling, which would offer objective
assessment criteria agreed upon by the community.

The CAPRI experiment has been serving as the community-wide standard for
docking and scoring evaluation since 2001. CAPRI satisfies the needs of the
computational biology community by testing the performance of protein modeling
procedures in blind prediction of three-dimensional structures of unpublished protein
complexes. Prediction Rounds are launched on a rolling basis pending availability of
suitable experimental protein complex structures. Participants register to predict the
target structures of a Round. Each submitted model is assessed and ranked by the CAPRI
assessors [9, 13, 14]. The results of each Round are published on the CAPRI web site
as soon as the assessment is completed. However, several Rounds are typically grouped
together into assessment periods, published in a CAPRI-dedicated journal issue. These
journal issues describe current capabilities of the methods and define the state of the art

in protein assembly modeling.



Here, to facilitate the development and comparison of protein docking/modeling
techniques, we present CAPRI-Q, a tool implementing the prediction quality assessment
used in the CAPRI experiment. CAPRI-Q is publicly available for download, as well as
accessible through a web server. We show how the tool can be used to evaluate
assembly models generated by different structure prediction servers including AlphaFold-
multimer [15]. The tool performs automatic sequence alignment, and we show that the
quality assessment of the model structures is not significantly affected by missing
residues and mutations in the protein sequence, evidencing robustness of the model

classification.

METHODS

Overview of the program

CAPRI-Q compares multiple models of a predicted protein-protein complex against a
reference structure provided by the user (usually an experimentally determined structure
of the complex). In addition to protein-protein complexes, CAPRI-Q handles complexes
including peptides, nucleic acids, and oligosaccharides. Comparisons are performed on
pairs of components, focusing on the binding interfaces between the interacting entities
(two protein components or a protein component and another binding partner). For larger
assemblies, distinct component pairs must be defined and evaluated independently,
following the procedure laid out in Refs [6, 16].

The input files containing the coordinates of respectively, the models for the
predicted structure and the reference structure (in PDB format), are filtered to remove

hydrogen atoms, residues missing backbone atoms, and nonstandard residues.



Equivalent larger and smaller components in the reference and predicted structures are
designated as “receptor” and “ligand,” respectively. Each protein chain of the models of
the predicted complex is matched to the chains of the reference structure using the
EMBOSS Needleman-Wunsch sequence alignment [17]. The residues contributing to the
binding interface are defined, enabling the subsequent calculations of a set of parameters

(metrics) evaluating the quality of the predicted models.

The main output file is a simple tab-delimited ASCII text file listing the ID of each
model of the predicted complex and all the parameters for that model. Additional output
files provide more detailed information, for instance on the sequence alignments of the
predicted and reference complexes, and the native residue-residue contacts at the

binding interface.

Superposition-dependent CAPRI metrics

For each model, CAPRI-Q evaluates the standard CAPRI quality metrics illustrated in
Figure 1. A common metric is the root-mean-square deviation (RMSD) between the
equivalent atoms in the optimally aligned model and the reference (native) structure.
CAPRI-Q outputs several RMSD-based metrics, computed over specific subsets of atoms
(Figure 1B): the L-RMSD metric, defined as the RMSD of the ligand atoms after optimally
aligning the receptor moiety, and the i-RMSD parameter representing the RMSD
computed on subsets of the native interface atoms (using a 10 A interatomic distance
cutoff), of both receptor and ligand (Figure 1B). Two distinct i-RMSD metrics are

computed, one considering only the backbone atoms of the interface backbone atoms (i-



RMSDbb) and the other considering only the side-chain atoms of the interface residues
(--RMSDsc).

The L-RMSD may be misleading for large ligands which may align well at the native
interface (and thus have small i-RMSD values) but display significant structural
differences away from the interface. In CAPRI, the definition of the overall quality of the
model accounts for this by relying on either L-RMSD or i-RMSD, depending on which
score is better [13] as will be presented below.

To help rationalize the match between the predicted and reference structures, two
additional parameters are computed, describing the overall shift of the ligand moiety
relative to the receptor in models versus the reference structure. These are the
misorientation angle 6. of the ligand moieties and the residual displacement d. of the
ligand geometric center, computed after the receptors in the model and reference
structures have been optimally superimposed [18] (Figure 1B), but these parameters are
not considered in defining model quality.

In addition to the RMSD-based metrics described above, CAPRI-Q computes the
TM-score [19], representing a superposition-dependent metric normalized by the protein
length. The TM-score is calculated using the distances d; between equivalent residue
pairs in the two optimally aligned structures [19]. This score is computed using MM-align
[20], specifically designed for the alignment of multi-chain structures (hereafter referred
to as MM-score). The MM-score provides the simultaneous evaluation of the quality of
the tertiary structure of the protein moieties and their quaternary arrangement. However,
the absolute value of the MM-score should be interpreted considering the ratio between

the numbers of residues in the two interacting proteins. For example, the MM-score



between two complexes featuring closely similar tertiary structures but different
quaternary arrangement can be artificially inflated (higher values indicating a better
match) if the receptor is significantly larger than the ligand (even in the ideal case in which

all residues of the reference structure are present in the model structure and vice versa).

Superposition-independent CAPRI metrics

Metrics requiring structural superposition of two proteins are highly sensitive to how the
superposition or structural alignment is performed, and to local structural distortions of
the model or reference structure [21]. It is therefore useful to also consider quality metrics
not based on structural superposition. CAPRI-Q computes three such metrics used by
CAPRI to define model quality [9, 22]. These are the fraction of correctly predicted ‘native’
ligand-receptor contacts frat (With ‘native’ referring to the reference structure), and the
fraction of incorrectly predicted ligand-receptor contacts (contacts not found in the
reference structure) fionnat (Figure 2). These contacts are computed for interface
residues, defined as those having a heavy atom within 5 A away from any heavy atom of
the residues on the opposing side of the interface.

It should be noted that f,at can be deceptively large for a model featuring many
steric clashes between the receptor and the ligand due do a significant interpenetration
of the two interacting components. Such obviously incorrect models are identified by
computing the number of clashes between the ligand and the receptor. When this number
exceeds a given limit, the clash threshold, the model is flagged by adding the word
“clashes” to the model’s CAPRI classification. By default, the clash threshold is set to the

number of interface residues.



In addition to the interface residues contact fractions, CAPRI-Q also computes the
local distance difference test, /-DDT [23], which evaluates the conservation of the local
distances in the model compared to the reference structure. To calculate it, all the
distances between heavy atoms in the reference structure within a sphere of 15 A
(excluding distances within the same residue) are computed (Figure S1). Then, the
distances between all the matching atom pairs in the model structure are determined
irrespective of their spatial separation. Finally, the corresponding distances in the
reference and the model structures are compared and the fraction of conserved distances
is calculated. A distance is considered conserved if it changes less than a given threshold.
Following the original -DDT paper [23], we use four different thresholds, 4 A, 2 A, 1 A,

and 0.5 A. The reported I-DDT score is the average of the scores with these thresholds.

CAPRI overall model quality

In order to define the quality of the model overall, CAPRI classifies predicted structures

onto four quality categories, based on the values of fnat, L-RMSD, and i-RMSDbb [24]:

(i) high quality, (frat 2 0.5) and either (L-RMSD < 1.0 A) or (i-RMSDbb < 1.0 A);

(i)  medium quality, (f.at 2 0.3) and either (L-RMSD < 5 A) or (i-RMSDbb < 2.0 A);

(iii)  acceptable quality, (frat 2 0.1) and either (L-RMSD < 10 A) or (-RMSDbb < 4
A); and

(iv)  incorrect, (frat < 0.1) or (L-RMSD > 10.0 A) and (i-RMSDbb > 4.0 A).

These criteria are applied in reverse order.



Model quality based on the DockQ score

CAPRI-Q also computes the DockQ score [25], a continuous quality score that
integrates the main quality metrics of the standard CAPRI evaluation protocol [24]. DockQ

is defined as the average of the fnat, and scaled L-RMSD and i-RMSDbb metrics:

1 1

L-RMSD)2 * 14 (i-RMSDbb)2 ’
d, d,

1
DockQ = 3 frat +

1+ (
where di and d, are scaling parameters which determine how fast large L-RMSD and i-
RMSDbb values, respectively, can be scaled to zero [25]. The values of these parameters
(dh = 8.5 A and d- = 1.5 A) were obtained [25] by maximizing classification performance
on the MOAL-set [26]. The range of the DockQ score is 0 to 1. Generally, models with
DockQ < 0.23 are considered incorrect. High, medium and acceptable accuracy models
tend to have DockQ = 0.80, 0.49 < DockQ < 0.80, and 0.23 < DockQ < 0.49, respectively
[25]. It is important to keep in mind that DockQ considers both L-RMSD and i-RMSDbb
simultaneously, whereas CAPRI classification assignments are based on either L-RMSD
or i-RMSDbb. Therefore, the model quality categories defined using DockQ may not

exactly correspond to those obtained by the CAPRI protocol.

Additional information and metrics

For the convenience of users, CAPRI-Q generates a “Summary” file containing
supplementary information used in calculations of the above metrics. For the receptor
and the ligand of the models and the reference structure, the Summary lists residues

contributing to the binding interface of the reference structure, mapping of the chains



between the model and the reference structures, solvent accessible surface area (SASA),
and sequence identities (percentage of identical residues), seqID. The seqID is also used
to flag models generated with sequences significantly deviating (in length or composition)
from those in the reference structures (the default threshold used requires 70% sequence
overlap with the target). These models marked as having “low_id”, and models flagged
with “clashes”, are evaluated here, but not considered in the standard CAPRI evaluation.

Additional metrics reported in the Summary are the interface area (/A), fractions of
‘native’ (correctly predicted) (Fir) and ‘non-native’ (incorrectly predicted, or overpredicted)
(Fop) interface residues, the RMSD of individual components (monomers) (m-RMSD),
and the DockQ score.

IA is calculated as

IA = SASA(R) + SASA(L) — SASA(RL),

where SASA(R), SASA(L) and SASA(RL) are solvent accessible surface areas of the
receptor-only, ligand-only and the receptor-ligand complex respectively. SASA is
calculated using the C library from the FreeSASA software [27]. The interface residues
used to compute Fr and Fop are defined as those losing SASA upon binding. Fir and Fop
are computed separately for the receptor and the ligand of the model structure. m-RMSD
is likewise evaluated separately for the ligand and receptor, based on C* RMSD between

the model and the reference.

CASE STUDIES

Comparing different protein docking methodologies



CAPRI-Q functionality is illustrated on models produced by docking calculations
performed for three dimers from the DOCKGROUND Docking Benchmark 1 (1B6C, 1GPW,
1K93) [28] and the trimeric CAPRI target T50 (CAPRI round 24 from February-March
2011, PDB code 3R2X) [29]. The PDB codes refer to the experimentally determined
structures of the complexes (i.e., bound structures), whereas in docking we used the
experimentally determined structures of the unbound proteins: 1BKF (0.6 A) and 1VJY
(1.5 A) for 1B6C; 1thf (3.6 A) and 1K9V (0.7 A) for 1GPW; 1K8T (10.0 A) and 1CLL (9.0
A) for 1K93; and 3GBN (0.6 A) and 1U84 (0.6 A) for 3R2X (the numbers in parentheses
are the RMSD between the unbound and the bound structures). According to these
values, 1B6C and 3R2X are easy (rigid-body) targets while 1GPW and 1K93 are medium
difficulty and hard targets, respectively [30].

The calculations were performed using the HADDOCK [31] and HDOCK [32]
docking servers and a local install of AlphaFold-Multimer [15] version 2.3 with default
parameters and databases. HADDOCK performs information-driven docking, clusters the
models and reports the top four models for each cluster. The docking was performed
using the “Easy” interface option of the server, with the interface residues specified.
HDOCK performs hybrid free and template-based docking using a distance-dependent
knowledge-based scoring function [33]. We also used its option to specify interface
residues. All generated HADDOCK and AlphaFold-Multimer models, and the top 50
HDOCK models were evaluated by CAPRI-Q. The output of CAPRI-Q for 1GPW is
summarized in Table 1. The best scoring model for each complex for each of the three

modeling servers is shown in Supplementary Figure S2.

Effect of missing residues



The CAPRI-Q model quality classification is robust, even when some residues are
missing from the model structure. The effect of missing residues based on medium-quality
models generated by AlphaFold-Multimer for the 1B6C target is shown in Supplementary
Table S1. For this case study, we removed from the initial model 5, 10, 15, or 30 randomly
selected ligand residues from regions outside the interface in the model structure. We
also removed from the initial model the same numbers of residues randomly selected
from the interface. For the models with non-interface residues removed, none of the
metrics other than the sequence identity were significantly affected. For the models with
removed interface residues, the fraction of native contacts slightly decreased and the
interface RMSDs slightly increased. However, these changes marginally affected the
overall model quality classification. For the purpose of ranking models in CAPRI, a
sequence alignment step ensures that all RMSD calculations are performed on the same
number of residues. However, in our example, each model was evaluated separately and
RMSD calculations were therefore not necessarily performed over the same amount of

residues. Nonetheless, this did not affect the overall classification of the models.

Effect of mutations on model assessment

For this case study, we produced three types of mutated structures by replacing either 5
or 20 randomly selected ligand residues in the native structure of the 3R2X target to
alanine, aspartic acid, or proline. Mutated residues were all picked either outside the
interface or within the interface of the ligand. Structural models of the mutated proteins
were generated using the NEST program from the JACKAL suite [34]. In this case, NEST
mostly performed side chain re-packing, with the backbone almost unaffected (the

backbone atoms may only be slightly shifted during structure optimization to remove steric



clashes). This becomes apparent when residues that form helices mutate into helix-
breaking prolines, since the helices in the 3R2X ligand remained intact after the residue
replacements. Table S2 lists the CAPRI-Q metrics of the original and the mutated
structures. The native sequence of the 3R2X PDB structure was also run through NEST,
resulting in a slight displacement of the original atoms, leading to poorer values of the
metrics for the original structure (Table S2).

For the ALA mutations, increasing the number of mutations outside the interface
from 5 to 20 had little impact on the metric values. However, increasing the number of
such mutations at the interface increased the value of i-RMSDbb and decreased that of
fnat, albeit still by a relatively small amount. Nevertheless, none of these changes were
sufficient to alter the classification of the model. For the mutations outside the interface,
the type of mutation did not significantly affect any metric. For the interface residues,
mutations to ALA had the least impact, whereas mutations to PRO had the most impact.
Still, none of the metric values changed enough to affect the model classification. Indeed,
as long as the backbone of the model is maintained, mutations do not greatly affect the

assessment of the predicted models.

AVAILABILITY OF THE TOOL

Source code

The source code can be freely downloaded at https://gitlab.in2p3.fr/cmsb-public/ CAPRI-
Q. CAPRI-Q is written in C, except for the included source code for MM-score calculations
which is written in C++. The FreeSASA library is included. However, the EMBOSS library

needs to be downloaded and installed by the user. It is simple to compile and is called



from within the CAPRI-Q program. Downloading the source code, as opposed to using
the web server, enables users to run many models against a reference structure, and
gives more control over the scoring parameters, such as the number of acceptable

clashes.

Web interface

CAPRI-Q is implemented as part of the DOCKGROUND web server at
https://dockground.compbio.ku.edu/assessment/. Users can submit up to ten models per
job to evaluate against a reference structure. The submission page is shown in Figure
S3A. Users are emailed a link to the results once their job has completed. The example
results page is shown in Figure S3B. The results can be downloaded as a text file in a

tab-delimited format.

CONCLUDING REMARKS

CAPRI-Q is a stand-alone tool implementing the community-established standard for the
quality assessment of protein assembly models. It is an enhanced version of the standard
model evaluation procedure in CAPRI, a long-standing community-wide blind prediction
experiment, as it also incorporates three complementary metrics: DockQ, a continuous
score combining the CAPRI model quality metrics, and the MM-score and /-DDT, two
commonly used model quality metrics for evaluating predicted protein structures [35].
CAPRI-Q is robust with respect to imperfections of the submitted model structures. The
tool can be used either off-line as a command-line standalone program or on-line through

the Web interface. The source code is freely available for download at



https://gitlab.in2p3.fr/cmsb-public/ CAPRI-Q and the web interface is part of the

DOCKGROUND resource at https://dockground.compbio.ku.edu/assessment/.
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TABLES

Table 1. CAPRI-Q sample output for 1GPW (see text).

Three models with a range of quality classifications from each modeling method are
shown in Table 1. The column for sequence identity was removed to reduce the size of
the table (all were above 90%). From the Table it can be deduced that the CAPRI
classification expectedly correlates with the metrics, as it improves with a higher fnat,
and lower L-RMSD or i-RMSDbb scores. Interestingly, the AlphaFold model with the
highest fnat value is of medium rather than high quality, due to increased L-RMSD and

i- RMSDbb values.
| z
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S o
HADDOCK 8 012 089 072 080 16.86 7.06 7.64 0.12 10.76 57.44 incorrect
HADDOCK 21 075 061 090 0.81 555 193 246 061 430 16.12 medium
HADDOCK 26 071 060 090 082 535 195 244 060 4.01 16.33 medium
HDock 32 093 032 097 085 088 067 162 092 034 0.34 high
HDock 29 038 061 086 082 6.37 267 3.02 042 3.39 27.23 acceptable
HDock 28 007 094 067 080 1360 7.32 790 0.13 255 6535 incorrect
ALPHAFOLD 177 090 031 098 089 268 104 166 0.83 234 6.23 medium
ALPHAFOLD 18 087 030 098 089 243 099 163 083 204 546 high
ALPHAFOLD 15 088 027 097 089 151 078 155 0.88 1.25 3.07 high
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Figure 1. Schematic illustration of the CAPRI model quality metrics. (A) Shows the
quantities evaluated for the reference structure of a protein complex consisting of two
protein components. These are: the residue-residue contacts between the receptor (R)
and the ligand (L) (see text for definition), computed using a distance threshold of d < 5
A between atoms; and the residues of the ligand and receptor, respectively, contributing
to the binding interface, using a more lenient threshold of d < 10 A for the interacting
atoms between both subunits. (B) lllustrates the model quality metrics computed for each
predicted model of the complex. These are, from left to right, the fractions native (fna) and
non-native (fion-nat) residue-residue contacts in the predicted interface (see text for
definition); the root mean square displacement (RMSD) of the backbone atoms of the
ligand (L-RMSD), the mis-orientation angle 6, and the residual displacement d; of the
ligand center of mass, after the receptor in the model and experimental structures were
optimally superimposed; the RMSD of the backbone atoms of all interface residues (i-
RMSDbb) after only these residue have been optimally superimposed. Additionally, we
also compute the RMSD of interface sidechain atoms (i-RMSDsc) (not shown).



A Reference

B Model

Figure 2. An illustration of different types of contacts in fnat and faon-nat parameters. The
reference structure is shown on the top and the model is on the bottom. The receptor is
in yellow, and the ligand is in gray. A is an incorrect contact in the model that does not
exist in the reference structure, which increases the fion-nat parameter. B1 and B2 are
contacts in both the reference and the model structures, which increase fa.. C is a contact
in the native structure not present in the model structure, which would decrease fnat.
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TABLES

Table S1. CAPR-Q scores for one of the medium-accuracy models produced by

AlphaFold Multimer for the 1b6c target with certain amounts of ligand residues

removed.
(¢]
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0 54 064 045 089 083 421 267 321 056 204 196 1000 medium
5 54 064 045 089 083 421 267 321 056 2.04 196 90.65 medium
10 54 064 045 089 083 421 267 321 056 204 19.6 8505 medium
15 54 064 045 089 082 421 267 321 056 204 196 8505 medium
30 54 064 048 087 083 398 266 324 056 165 19.9 6450 'oW_id
medium
5* 54 0.64 048 0.89 083 421 267 321 056 2.04 19.6 94.05 medium
10* 28 062 046 089 083 421 267 321 055 204 196 89.70 medium
15* 28 058 046 089 083 424 268 321 055 207 19.6 84.10 medium
30* 24 059 047 086 083 468 334 324 054 177 19.2 692 medium

* Residues were removed from the interface region.

From the Table it can be deduced that removing ligand residues has only a minimal
effect on metric values and does not affect the overall classification of the model.



Table S2. CAPRI-Q scores for the native structure of the 3r2x target with certain
amounts of mutated interface and non-interface ligand (chain C in the PDB structure)
residues
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CH4= o & 2 % 5 o = (7
338 2 -7 7 5 2 2§ g8 8 3z g8 ¢
Sy IO 3 > o o 7] o o = z g L o
LI - B B KRR - B BE
E 2
0 3 1.00 0.02 098 099 022 0.04 0.29 099 0.03 0.30 98.90 high
5,ALA 3 1.00 002 098 099 0.05 0.04 029 099 0.00 0.00 97.50 high

20, ALA 3 1.00 0.02 098 099 012 0.04 042 0.99 001 0.13 79.00 high
20, ASP 3 1.00 002 098 099 010 0.04 0.13 099 002 0.09 78.00 high
20, PRO 6 1.00 0.04 098 099 0.11 0.04 0.28 099 001 0.13 77.80 high
5%, ALA 3 1.00 0.02 098 099 022 0.04 029 099 003 030 9270 high
20*, ALA 1 067 009 098 099 061 041 041 0.86 0.09 026 75.60 high
20*, ASP 11 066 0.17 098 0.99 064 050 059 0.85 009 0.24 7560 high

20%, PRO 13 0.75 016 0.98 099 0.82 0.66 096 0.83 0.17 0.76 74.40 high

* Residues were mutated from the interface region.

From the Table it can be deduced that neither an increase in the amount of mutated
residues nor the type of mutation affects the overall classification of the model.
However, the type of mutation does have an impact albeit small on the metric values. It
should be noted that the mutation resulted mostly in side chain repacking, with only
minimal change upon backbone conformation.
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Figure S1. Examples of conserved and non-conserved distances used in [-DDT
calculations. X-ray structure 5t1g was used as the reference structure (right) and the
model AF-P83916 from the AlphaFold database as the model structure (left). Distances
are calculated between the CG atom of residue Q118 (purple) in the reference structure
and all atoms within R=15 A sphere (light green circle), which are not within the same
residue. These distances are compared to the corresponding distances between
equivalent atoms in the model structure. The figure shows a non-conserved distance (at
2 A threshold) between atoms CG of Q118 and O of G116 residue (red) with 2.5 A
difference and a conserved distance between atoms CG of Q118 and CB of V160 residue

(green) with 1.9 A difference.



HADDOCK &

Figure S2. Best models produced by three methodologies (denoted at the left of the
Figure) for four exemplar complexes aligned to corresponding native structures (PDB
codes of which are shown on the top of the Figure). The receptors (ligands) of the
native and model structures are shown as yellow (red) and blue (gray) cartoons,
respectively.



DOCKGROUND
CAPRI-Q: The CAPRI Docking Quality Assessment

This tool will calculate all the commonly used CAPRI assessment metrics for input
structures against a given target structure, and will apply the CAPRI quality assessment
criteria classifying the models according to their accuracy. The results will be displayed in a

table once finished runinng.

To learn more about the CAPRI experiment, you may visit the CAPRI webpage.

Submit Model(s) Here:

Email Address: Enter email
Reference Structure File: Browse...  No files selected.
Model File(s) [Max: 10): Browse... No files selected.

Does the native structure contain more than two chains?
O Yes
® No

Job Name: Enter a job name

DOCKGROUND
CAPRI-Q

Results for 1gpw

Download Results File

nclash  fnat  fnonnat  tm- Iddt  Irmsd irmsdbb irmsdsc distance theta seqid dockq classification
] (] score® @ ] ] (] (] 1] ] (] L]
cluster2_ 2pdb 13/64 0.1471 0.8667 06977 07926 15.5325 7.3758 8.0693 6.1807 64.8583 99.20 0.1391 incorrect
cluster2_4.pdb 8/64 0.1176 0.8919 07171 07909 16.8556 7.0603 7.6406 10.7667  57.4456 99.20 0.1212 incorrect
cluster3_1.pdb 21/64 07500 0.6107 09048 08103 55465 1.9275 24569 4.2957 16.1156 99.20 0.6095 medium
cluster3 2pdb 26/64 07059 0.6033 09018 0.8184 53495 19542 24410 4.0054 163316 99.20 05976 medium
cluster3 4.pdb 26/64 06912 0.6270 09041 08184 53638 1.9627 24541 4.1689 157484 99.20 05917 medium
cluster4_1.pdb 15/64 03235 0.7800 08558 07988 73552 3.1330 3.6799 6.0994 204300 99.20 03606 acceptable
clusterd 2pdb 15/64 02647 0.8085 08211 07957 86316 3.7753 4.1409 6.9637 251936 99.20 0.2978 acceptable
cluster4 3.pdb 12/64 02500 0.8247 08485 0.8043 7.6148 3.2620 3.8103 6.1087 226794 9920 03264 acceptable
cluster4 4pdb 16/64 02941 0.8020 08464 08037 75161 3.2941 3.7847 5.8424 233965 99.20 03424 acceptable
cluster5_2.pdb 25/64 06029 0.5393 08663 08213 60320 2.8377 3.3214 3.2199 213318 9920 04955 acceptable

model @

Figure S3. The submission page and results page for the CAPRI-Q Assessment web
interface. Part A shows the submission page and part B shows the results table.



