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During the last years, a significant increase of the num-
ber of available online tools and web services was ob-
served in all scientific fields [1]. Such a trend was further
boosted by the recent pandemic crisis reasonably as the
online resources allow reinforcing scientific collabo-
rations while preserving physical distance and safety
rules. Remarkably, these tools are usually free resources
and are part of the open science movement, which has
been gaining momentum in recent years.

Molecular modelling and more specifically in silico
drug design are certainly no exception and a huge num-
ber of dedicated online resources are routinely utilized
by researchers for a wide variety of applications [2]. The
online resources can be employed for docking simu-
lations and virtual screenings [3], for protein modelling
and analysis [4, 5] as well as for cheminformatics appli-
cations often paired with Al-based analyses. [6] Not to
mention the huge number of bioinformatics online plat-
forms developed to assist omics analyses (e.g., refs.

[7, 8]).
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The paper presents the VEGA Online web service, which includes a set of
freely available tools deriving from the development of the VEGA suite of pro-
grams. In detail, the paper is focused on two tools: the VEGA Web Edition
(WE) and the Score tool. The former is a versatile file format converter in-
cluding relevant features for 2D/3D conversion, for surface mapping and for
editing/preparing input files. The Score application allows rescoring docking
poses and in particular includes the MLP Interactions Scores (MLPInS) for
describing hydrophobic interactions. To the best of our knowledge, this web
service is the only available resource by which one can calculate both the vir-
tual log P of a given input molecule according to the MLP approach plus the
corresponding MLP surface.
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Here, we present the VEGA web service (https://
www.ddl.unimi.it/vegaol), which comprises a set of re-
sources deriving from the development of the VEGA
suite of programs [9]. The VEGA software is a complete
molecular modelling suite which includes several fea-
tures for editing, converting, viewing and analysing mo-
lecular structures, molecular databases and trajectories
supporting a wide variety of file formats. The suite also
includes graphical user interfaces for various external
programs such as AMMP, NAMD, MOPAC, Plants thus
representing a versatile platform to assist different kinds
of computational experiments. Finally, VEGA has a
highly expandable architecture which allows additional
features to be implemented by scripts and plug-in tools.
The VEGA program is freely downloadable for non-prof-
it users [10].

The VEGA web service includes several tools some of
which have been already described in the previous stud-
ies, which originated them [11, 12]. All online tools are
freely accessible to everyone and their utilization does
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not require user’s registration. Here, the attention is
focused on two online tools: (1) the VEGA Web Edition
(VEGA WE), which is a powerful file format converter
also including relevant features for 2D/3D conversion,
for surface mapping and for editing/preparing input files
as well as (2) the Score application for rescoring docking
poses [13] with a special focus on the MLP Interactions
Scores (MLPInS) [14].

Notably, applications similar to the here proposed
VEGA WE webserver are already available: they com-
prise the online version of well-known programs, such
as OpenBabel [15] and ChemAxon JChem, [16] as well
as web services for specific tasks, such as the manage-
ment of SMILES strings [17] or the generation of input
files for MM/MD programs [18]. Nevertheless, the
VEGA WE tool includes a variety of features, which can-
not be found in other resources and go far beyond the
simple file format conversion and editing.

Figure 1 shows the graphical interface of the VEGA
WE tool and evidences its key features. As input struc-
ture, the user can either upload a file or enter the text in
a specific form. The tool automatically recognizes the
format of the input molecule and supports the following
file formats: Alchemy, AMMP, Accelrys Insight .car, Ac-
celrys Quanta/CHARMm CRD, AutoDock 4 PDBQT,
Cambridge Data File (CSSR), Cartesian coordinates
(XYZ), Chem3D, ChemSol, CIF, CML, CML 2.0, CPMD
XYZ, CRT, GAMESS Cartesian input and output, Gro-
mos/Gromacs .gro, HyperChem .hin, InChl, InChI +
aux data, MDL Molfile, MDL Molfile V3000, mmCIF,
Mopac Cartesian, Mopac Gaussian Z-matrix, Mopac in-
ternal, Protein Data Bank (PDB), Protein Data Bank

VEGA
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Assign atom types: @
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Surface parameters:
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FIGURE 1 Graphical interface of the VEGA WE tool
accessible at https://www.ddl.unimi.it/vegaol/vegawe.htm.
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ATDL (PDBA), Protein Data Bank Fat (PDBF), Protein
Data Bank Large (PDBL), PSF X-Plor, QMC, Tinker
XYZ, and Tripos Sybyl (Mol2) [19].

On the input structure, a set of relevant tasks can be
performed. Figure 1 shows the supported procedures
which can be summarized as follows: (1) assigning the
atomic charges according to the Gasteiger-Marsili meth-
od [20], (2) normalizing the coordinates, (3) removing
water molecules (automatically recognized by the sys-
tem), (4) adding the hydrogen atoms according to a pre-
defined pH value; (5) removing the hydrogen atoms by
selecting if removing all hydrogens or only the apolar
ones, and (6) detecting the torsion angles (to be set if the
output format requires them, e.g., PDBQT). If the input
file corresponds to a protein structure, the tool can also
add the missing side chains.

Among the implemented features, the capacity to as-
sign atom types is of particular relevance to support the
generation of input files for various applications. In de-
tail, this function performs the atom typing based on a
specified force field template written in ATDL format
(Atom Type Description Language) [21]. In order to as-
sign the correct atom types, VEGA applies a multi-step
algorithm which (1) generates the connectivity table; (2)
attributes the hybridization to each atom; (3) searches
for the rings; (4) detects the aromatic systems using the
Hiickel rule; (5) parses the selected ATDL template and
finally (6) assigns the resulting atom types. The detailed
description of the ATDL templates available online can
be found in [22].

The resulting output file can be generated by sup-
porting the same formats already listed when describing
the input files. Additionally, the VEGA online tool can
generate the canonical SMILES string as well as the
FASTA file if the input file includes a protein structure.
The web service can also convert the input file in the In-
terchange File Format (IFF) format [23]. This is a binary
format with a chunk structure in which all chunks are
optional (apart from the first one) and the structure is
totally expandable. This allows the storage of a huge
number of information in a very compact and flexible
way. Further details on the architecture of the IFF files
can be found at [24].

The VEGA online resource can also generate four
types of molecular surfaces storing them in CSV, VRML
and SRF (binary) formats. Further details on the charac-
teristics of these surface’s formats can be found at [25].
The four types of calculated surface are: (1) the simple
Van der Waals surface; (2) the Molecular Electrostatic
Potential (MEP); (3) the Molecular Lipophilic Potential
(MLP) [26] and (4) Molecular Lipophilic Index (ILM)
[27]. For each surface, the user can define both the
probe radius (by default equal to 1.4 A) and the dot
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density (i.e., number of dots per A% by default equal to
10). The MEP surface requires the attribution of the
atomic charges, while the ILM surface requires a sol-
vated system since it is based on the distance between
the solute’s atoms and the solvent’s molecules as de-
scribed in [27]. To the best of our knowledge, the VEGA
web service is the only online resource able to calculate
the MLP surface according to [22]. Notably, the VEGA
web service also includes an online tool to calculate the
conformer-dependent log P value accordingly to the
MLP approach (the so-called virtual log P) [28]. As pre-
viously described, the input form accepts both a file and
a text and supports the file formats already listed for the
VEGA WE tool. Overall, the VEGA web service offers an
online integrated system to predict the log P value of a
given input structure based on the MLP 3D method as
well as to generate the corresponding MLP surface.

To support the modelling of chemical structures, the
VEGA webserver also includes a tool for editing 2D mo-
lecular structure and for the 2D—3D conversion. The
molecular editor is based on the Ketcher JavaScript app-
let [29] while the 2D/3D conversion involves the AMMP
molecular mechanics software [30]. In detail, the 2D/3D
conversion comprises the following steps: (1) adding the
hydrogen atoms (when necessary); (2) assigning the
atom charges (by the Gasteiger-Marsili method); (3) sav-
ing the molecule in the AMMP file format. Then, AMMP
optimizes the structure in two steps: (1) distance geome-
try optimization by Gauss-Seidel algorithm (50 steps);
(2) conjugate gradients minimization (500 steps, toler=
0.01). The minimized structure is finally converted into
the requested file format. Notice that the implemented
minimization procedure is intended to perform an initial
roughing of the 3D structure. Each user will then opti-
mize the generated structure based on his preferred pro-
tocols.

Figure 2 shows the graphical web interface of the
Score tool which can be considered as a focused online
version of the Rescore+ software [31] and is purposely

TABLE 1 Scoring functions computed by the Score tool.

Scoring function Description
MLP,s

MLPyys,
MLPy,s

MLPysp

designed for rescoring analyses of docking results. The
tool accepts two types of input files since one may sub-
mit either the structure of the complex indicating the
molecule number corresponding to the ligand or the two
separate files (receptor plus ligand). The supported for-
mats for the input files are the same listed above.

Table 1 lists the computed scoring functions, which
can be subdivided into three main groups accordingly to
the type of interaction they encode. Concerning the ionic
interactions, the online tool utilizes the canonical

Score .
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W Assign the Gasteiger-Marsili atom charges ®
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W MLP Interaction Score (MLPInS) calculated using the Broto's and Moreau's atomic
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[ |
MLP Interaction Score (MLPInS2) in which the distance between interacting alom pairs
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MLP Interaction Score (MLPInSF) in which the dista
n
non-bond interaction evaluated by CHARMM 22 force field
valuated by CHARMM 36 force field
n evaluated by CVFF force field.

sated by the Fermi's

lectrostatic interaction

FIGURE 2 Graphical interface of the Score tool accessible at
https://www.ddl.unimi.it/vegaol/score.htm.

Hydrophobic interaction calculated using the Broto and Moreau atomic constants.
Hydrophobic interaction with a square distance between interacting atoms.
Hydrophobic interaction with a cubic distance between interacting atoms.

Hydrophobic interaction in which the distance between atoms is evaluated by the Fermi’s equation.

CHARMM 22 R6-R12
CHARMM 36 R6-R12
CVFF R6-R12
Electrostatic

Electrostatic distance dependent

R°-R" non-bond interaction evaluated by CHARMM 22 force field.
R®-R" non-bond interaction evaluated by CHARMM 36 force field.
R®R" non-bond interaction evaluated by CVFF force field.
Electrostatic interaction with dielectric constant equal to 1.

Electrostatic interaction with a distance-dependent dielectric function.
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Coulomb’s equation by applying either a dielectric
constant equal to 1 or a distance dependent dielectric
function.

Clearly, these scores require that the atomic charges
have been assigned. If the input files lack these data, the
tool can calculate them on the fly by applying the Gas-
teiger-Marsili method. With regard to Van der Waals
contacts, the tool allows their calculation by applying the
Lennard-Jones equation as parameterized by three dif-
ferent force fields, CHARMM?22 [32], CHARMM36 [33]
and CVFF [34]. Notice that a precise evaluation of these
scoring functions would require that the analysed com-
plexes are previously minimized by utilizing the same
force field. The third group of scoring functions were
proposed by us to encode for hydrophobic contacts and
are based on the Broto and Moreau lipophilic incre-
ments [35].

In detail, the MLP,,¢ scores [12] are computed by em-
ploying a Coulomb-like equation in which the Broto and
Moreau atomic increments replace the atomic charges
and the distance function can be selected among four
possible functions: linear (MLP,g), square (MLP;,,), cu-
bic (MLP,,g;) and Fermi’s type (MLP,,g;) distance.

The output file is written in XML format and in-
cludes the following main data for each selected score:
(1) the computed score value; (2) the contribution of
each atom to the total score; and (3) the contribution of
each residue to the total score.

To conclude, the VEGA web service represents a free-
ly available online resource for converting, preparing
and editing files for molecular structures. It also includes
features for 2D/3D conversion, surface mapping and
atom typing, the last being of particular relevance for
preparing input files for MM/MD runs. The Score tool
allows the calculation of a set of scoring functions to pa-
rameterize polar, non-polar and hydrophobic inter-
actions.

Special emphasis is given here on lipophilicity: to the
best of our knowledge, this is the only free online re-
source by which one can calculate the virtual log P ac-
cording to the MLP approach also generating the corre-
sponding MLP surface. The MLPInS scores also move in
this direction since they use the same lipophilic atomic
increments to evaluate MLP-based hydrophobic inter-
actions. These web services are intended to parallel the
features constantly added to the VEGA suite of programs
and could be expanded by supporting additional file for-
mats (for the VEGA WE tool) or by implementing novel
scoring function (for the Score tool).

informatics
COMPUTATIONAL METHODS

VEGA Online comprises two components: a PHP script
and the VEGA command line version. When the form is
completed and submitted by the user, the data are sent
to the Web server via the standard POST command. The
script saves the input molecule into a suitable temporary
file and processes the user options transforming them in
a set of commands for the VEGA command line version.
Thus, the VEGA command line is launched and script
waits for the end of the calculation and then processes
the resulting output file to be compatible with the
HTML standard. Finally, the so prepared output is sent
to the user by the webserver.

A similar workflow is also utilized by the Score tool.
Here the related script sends the input file to the VEGA
command line which generates the complex keeping the
original atom coordinates, if the user provides two sepa-
rated files. If a single file is submitted, VEGA detects the
molecules and recognizes the ligand by the molecule
number indicated in the specific field. If required, VEGA
assigns the atomic charges and then evaluates the scores
selected by the user. The calculated output scores are en-
coded in XML format as described above. Notice that the
Score tool does not perform docking calculations and the
submitted structures should be completed with hydro-
gens and preferably optimized.
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