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ABSTRACT

Molinspiration is a widely utilized cheminformatics platform designed to assist in the prediction of molecular
properties and biological activities of chemical compounds. This article provides a brief overview of the software,
its features, and its relevance in pharmaceutical research. The inference and conclusion sections highlight its
significance in early drug discovery and its practical applications for researchers. Molinspiration is a
cheminformatics software company that provides tools for drug discovery and development, particularly in the
areas of molecular property prediction, bioactivity prediction, and virtual screening. Their software helps
researchers analyze and predict the properties of molecules, aiding in the identification of potential drug
candidates. Molinspiration offers both software tools and free online services for various cheminformatics tasks.
Molinspiration offers a molecular processing and property calculation toolkit written in Java. The toolkit may be
used in a batch mode to process large number of molecules (processing speed is about 10,000 molecules/minute),
or accessed through web interface directly on your intranet.
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INTRODUCTION

The application of computational tools in drug discovery
has become increasingly critical due to their efficiency in
screening and evaluating large libraries of chemical
compounds. Molinspiration is one such tool that provides
researchers with the ability to perform rapid molecular
property calculations and bioactivity predictions. This
paper aims to present a concise examination of
Molinspiration and its academic relevance, particularly
for emerging researchers. Molinspiration offers broad
range of cheminformatics software tools supporting

molecule manipulation and processing, including
SMILES and SDfile conversion, normalization of
molecules, generation of tautomers, molecule
fragmentation, calculation of various molecular

properties needed in QSAR, molecular modelling and

drug design, high quality molecule depiction, molecular
database tools supporting substructure and similarity
searches. An SD file, often referred to as an SDF file, is a
file format used to store chemical structures and
associated data. It utilizes the MOL connection table
format, which describes the structure using text that lists
atoms, bonds, connectivity, and coordinates. Chemical
software can interpret this text to generate an image of
the structure and display the associated data in a table.
Our products support also fragment-based virtual
screening, bioactivity prediction and data visualization.
Molinspiration tools are written in Java, therefore can be
used practically on any computer platform. SMILES
notation is relatively easy to learn: "C" means carbon,
"H" means hydrogen, "O" means oxygen, and so on, as
defined in the periodic table.
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Single bonds are implied (common in condensed
chemical formulas), double bonds are represented by
"=" and triple bonds are represented by "#". Thus, CO2
is "0=C=0".

1. Molecular weight (MW) <500 Da

2. Number of hydrogen bond acceptors <10

3. Number of hydrogen bond donors <5

4. Calculated n-octanol-water partition coefficient (Clog
P) <5

5. Rotational bond <10

Overview of Molinspiration: Molinspiration offers a
user-friendly web interface that allows for the calculation
of various molecular descriptors. These include LogP
(octanol-water partition coefficient), topological polar
surface area (TPSA), molecular weight, number of
hydrogen bond donors and acceptors, and the number of
rotatable bonds. Additionally, the software evaluates
drug-likeness based on Lipinski's Rule of Five, a widely
accepted criterion for oral bioavailability.

The platform also predicts bioactivity scores for key
pharmacological targets, such as G-protein coupled
receptors (GPCRs), ion channel modulators, kinase
inhibitors, nuclear receptor ligands, and general enzyme
inhibitors. These predictions are based on fragment-
based models developed using large data sets of
biologically active molecules. Cheminformatics enables
the comparison of multiple compound structures,
highlighting structural similarities and differences. This
helps identify common motifs associated with specific
bioactivities. SAR analysis often involves integrating
chemical data (structure) with biological data

Figure 1: Chemical structure by software.

~

(activity)."®

Inference: The utility of Molinspiration lies in its ability
to generate meaningful inferences regarding the
biological potential of compounds. For instance, a
compound with high predicted activity against GPCRs
and favorable physicochemical properties may be
considered a promising lead candidate. These predictions
allow researchers to prioritize compounds for synthesis
and in vitro testing, thereby optimizing time and
resources. In Molinspiration, a bioactivity score greater
than 0.00 suggests considerable biological activity, while
scores between -0.50 and 0.00 indicate moderate activity,
and scores less than -0.50 suggest inactivity. Bioactivity
Score > 0.00: Indicates the molecule is likely to exhibit
considerable biological activity.

Bioactivity Score between -0.50 and 0.00: Suggests
moderate biological activity.

Bioactivity Score < -0.50: Indicates the molecule is
likely to be inactive.

Molinspiration's Role: Molinspiration is an online
software used for predicting physicochemical properties
and bioactivity scores of molecules.

How it works: Molinspiration calculates the bioactivity
score as a sum of activity contributions from fragments
within the molecule.

Molinspiration's tools: Molinspiration offers free online
services for calculating molecular properties and
predicting bioactivity scores for drug targets.

Molinspiration Software Products: Molinspiration
specializes in the development of cheminformatics
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software in Java. Molinspiration tools are therefore
platform independent and may be run on any PC, Mac,
UNIX or LINUX machine. The software is distributed in
a form of engines, which may be used as stand-alone
computational engines, used to power web-based tools,
or easily incorporated into larger in-house Java
applications.

The following software is currently available

Mib engine: - calculation of important molecular
properties, molecular processing (SMILES
canonicalisation, normalization of charges), conversion
between SMILES and SDfiles, SMILES depiction,
generation of molecular images powered by the mib
engine).

mib batch molecule processing v2024.01

Molinspiration mib engine allows batch processing of
molecules encoded as SMILES or SDfiles. The engine
supports broad range of cheminformatics functionalities,
for example file conversion, structure normalization,
generation of tautomers, calculation of molecular
physicochemical properties and many others. The mib
program is able to process large molecule files. For
example, as a part of our research activities 33 million
molecules from a PubChem database was converted from
SDfile format to SMILES, normalised and properties for
the molecules were calculated. mib is also used to
standardize molecules and calculate properties by the
ZINC virtual screening database./!

The program is written in Java, therefore is platform
independent and runs on any Windows PC, Mac or
LINUX server where Java runtime (version 11 or better)
is available.

Running the program
The program is started by the following code:
java -jar mib.jar input_option [processing_options]

Input options

Molecules stored in the Daylight SMILES format or
MDL SDfile format may be processed. Molecules from a
file may be read by using the option

-f file_name

where the file_name is a file containing set of
SMILESes, or SDfile. SDfile will be automatically
recognized by an extension ".sdf", ".sd" or ".mol". All
other files are assumed to contain SMILES. In this case
SMILES must be a first item in a line. The line may
contain also other items (molecule name, other data), tab
separated.

Compressed files with extension .gz, gzip, or zip may be
processed without necessity to unpack them.

Data from the SDfile may be retrieved by using the -keep
parameter. For example:
java -jar mib.jar -f mdpi.smi -keep "MolName,Amount"

retrieves also parameters named MolName and Amount
from the SDfile.

If you want to retrieve all parameters use the parameter -
keepall

Processing of a single SMILES is possible by using a -
smi input parameter (in this case SMILES string must be
in quotes).

java -jar mib.jar -smi 'molecule_smiles'

Output options: When no output options are provided, a
file with canonised SMILES is generated and sent to the
standard output.

When a SDfile should be generated, the parameters -out
sdf is required.

Processing options: When no processing options are
given, canonical SMILESes of inputted molecules are
generated and sent to the standard output. This may be
redirected to a file by the > redirection operator

Molecule normalization: Various parameters allow
modification and processing of molecules.

-nostereo stereo information in molecules will not be
considerer

-normalizeCharges atomic charges will be normalized
when possible

-singlePart only the main (largest) part of a multipart
molecule will be processed

-standardize is a shortcut for all three previous options
together

-normalizelsotopes removes all isotope labels from
atoms

-isostandardize is a shortcut for -standardize plus -
normaliselsotopes

The mib package performs strict valence checking and
discards molecules violating organic valence rules (when
skipping molecules with errors, respective error
messages are issued). They keyword:

-kmwve (mnemonic for "keep molecules with valence
errors") allows processing also of molecules with non-
standard valencies

Calculation of molecular properties

e Molecular properties for molecules on input are
calculated when using the keyword -properties

e The following properties are available on the output

(in this order); items are tab separated:

logP octanol-water partition coefficient

PSA polar surface area

Number of nonhydrogen atoms

Molecular weight

Number of hydrogen-bond acceptors (O and N

atoms)

e Number of hydrogen-bond donors (OH and NH
groups)

e Number of Rule of 5 violations

e Number of rotatable bonds

e  Molecular volume

When using the keyword -header in the SMILES output
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mode, the first line of output is a header with property

names.

The mib property calculation engine is used in numerous
instances by our industry customers and powers also our
free online property calculation tool.**%

Mi 21762

\, p)\,g\
Sl

Figure 2: Molecular fragmentation.

Molecule formula: When using the keyword -formula
the molecule formula is part of the output. This keyword
may be used together with the -properties keyword.

Molecule fragmentation: mib allows fragmentation of
molecules into various types of fragments. Below
examples of various fragmentation options are given.

The parent molecule used for the fragmentation is the
structure shown above.

-rl - substituents (Rgroups); all "breakable" nonring
single bonds are broken to generate substituent

-r2 - spacers (groups with 2 attachment points)

R H
N
0 T\
\-_F::-—N

- . .

Figure 3: Ring orientation.

- ringsystems - ring systems is a collection of fused or spiro rings

O

0

Figure 4: Ring systems.

-simple Rings - simple rings which this molecule
contains. Simple ring does not need to be a valid
molecule (in example below, in the sulfur ring only 2
atoms are aromatic) therefore results are provided as
fragment SMILES (note that aromatic bonds in
fragments are displayed as dashed lines on images

below)
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Figure 5: Ring scaffolds.

-scaffold - is ring part of a molecule (rings systems and
their connections) without aliphatic substituents

-hose - generates so called HOSE fragments (atoms with
environment). A HOSE fragment consists of a central
atom (first atom in HOSE SMILES) and several levels of

surrounding atoms.

HOSE fragments may be used as structural descriptors
by QSAR studies or fragment-based property prediction
applications.
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Fragmentation parameters.!**

By default, the size of the rl and r2 fragments is limited
to 15 atoms. This may be changed by a parameter -
maxsize n (this parameter does not affect other types of
fragments).

Generated fragments are written in the output line after
input SMILES (in a canonized form) and any other
parameters from the input. All items are tab separated.

Parameter- List allows to perform fragmentation
statistics for large collections of molecules. On the
output a list of fragments is provided, together with the
number of molecules containing these fragments.

The following command provides list of substituents up
to 8 atoms, which are most common in GPCR ligands.
java -jar mib.jar -f gpcr.smi -standardize -r1 -max 8 -list
> gpcr.rl

The first lines of the output file are

[R]C 539
[R]clcceeecl | 213
[R]O 204
[R]OC 193
[RIN 191
[R]ICI 172
[RIF 133
[R]ICC 83

[R]CCC 71

[R]IC(O)=0 67

When using parameter -count also the number of
fragments of particular type will be provided, in the form
fragmentl countl fragment2 count2 (tab separated)

For example command
Java -jar mib.jar -smi ‘clnccccl' -hose -maxSize 1

Provides output
clcencel [n] [cH]

N
@)
HN— —N
N
H

N N

H
N
) ey /
HN:<‘l — HN:& —N HN:<‘l
H H
H

While when using also the parameters -count the output
includes also the number of respective fragments in the
molecule

clceneel [n] 1 [cH] 5

When using the parameter -count together with the
parameter -list, the number on output provides the total
number of fragments of this type in the molecule set (and
not just the number of molecules with this fragments as
by -list alone).

-maxsize sets the maximum size of generated fragments.
This is ignored when generating rings and scaffolds, and
makes sense only by -rl and -r2 fragments and HOSE
fragments (in this case -maxsize is the number of
surrounding levels, 1 - just central atom, 2 - single level
of neighbors, 3 - 2 levels of neighbors, etc).

Fragmentation is applied only to the main part of
multipart molecules (as the keyword -singlepart would
be used). [This may be modified in later release of the
toolkit].

Generation of tautomers: Tautomers of processed
molecules may be generated by using the option -
tautomer. In the output line canonized SMILES of the
original molecule, followed by eventual data contained
in the input line are provided, followed by a number
giving the number of generated tautomers and SMILES
codes of these tautomers. All data in line are tab
separated.

The command java mib -smi 'nlc(O)ccccl' -tautomers
provides the following output
Oclcceenl 2 O=clccec[nH]1 Oclcccenl

To get tautomers of a single molecule one tautomers
SMILES per line (this output may be displayed for
example by the Molinspiration molecule viewer) use the
-list option.

\( _/ZI
/

by —) ) Wy Iy
HgN—g —N quﬁi N HN:& —N HZN‘Q‘ N H2N~<N —NH
H H
N N N N N
) Wy ) ) —)
HzN;& —NH HN:& —N H2N4< —N HN:Q NH HQN% —NH
H H H H
Figure 6: Tautomers.
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The command

java -jar mib.jar -smi 'Nc2nclnc[nH]clc(=S)[nH]2' -tautomers -list > tautomers.smi saves the following output to the

tautomers.smi file (the source SMILES in this example is thioguanine)

Nc2nc(=S)clnc[nH]c1[nH]2
Scinc(=N)[nH]c2nc[nH]c12
Scinc(=N)[nH]c2[nH]cncl2
N=c2[nH]c(=S)c1nc[nH]c1[nH]2
Sci[nH]c(=N)nc2nc[nH]c12
Nc2nc(S)clnc[nH]c1n2
Nc2nclnenclce(S)[nH]2
Scl[nH]c(=N)nc2[nH]cncl2
Nc2nc(S)clnencl[nH]2
Nc2nc(=S)cl[nH]encl[nH]2
Nc2nc(S)cl[nH]cncln2
Sc1[nH]c(=N)[nH]c2ncncl2
Nc2ncl[nH]cneclce(=S)[nH]2
N=c2[nH]c(=S)c1[nH]cncl[nH]2
Nc2ncinc[nH]clc(=S)[nH]2

PR R RPRRPRPRPRREPRPRRRERER

The 15 tautomers generated are shown below

1P PP S

f
N N
) W — W —
HgNAQ{ —NH |-|N:<‘l N H3N4< —N |-|N:<‘l NH |-|2r~|4<‘4 —NH
H H

z_‘/z:l:
/

H H

=/
/

H H

Figure 7: Molecular Tautomers.

Some molecules may have very large number of
tautomers (several hundreds), to keep computational time
reasonable, the default number of generated tautomers is
limited to 50. This limit may be increased by parameter -
maxtautomers n. Tautomers are listed on the output in
alphabetic order.

EZ stereochemistry on tautomeric bonds is not preserved
during tautomer enumeration.

Contact us please at info[atjmolinspiration.com to
arrange an evaluation license of mib.

Misearch  engine:- Flexible engine  supporting
substructure, similarity and pharmacophore similarity
searches.

Miscreen engine- virtual screening engine enabling
development of pharmacophore models, validation and
screening of large molecular libraries [Predict
Bioactivity]).

Galaxy:- 3D structure generator. Generates 3D structures
from SMILES. Currently in beta.

Galaxy Visualizer is a web tools that allows easy
creation of 3D molecular structures from SMILES by
using Molinspiration Galaxy 3D generator. Created
molecules may be interactively examined in various
display modes, including visualization of various surface
properties, such as molecular lipophilicity potential
(MLP) and polar surface area (PSA). MDL Molfiles of
generated structures may be downloaded for use by in-
house programs. Molecules may be visualized as wire-
frame models, tube models, dotted molecular surfaces
and space-filling CPK models.

Galaxy Visualizer allows to visualize molecular
lipophilicity potential (MLP) on the molecular surface to
see which parts of the surface are hydrophobic (encoded
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by violet and blue colors) and which hydrophilic (orange
and red). MLP is calculated from atomic hydrophobicity
contributions, the same that are used to calculate the
octanol-water partition coefficient (logP) by our miLogP
method. MLP is useful property to rationalize various
molecular ADME characteristics (like membrane
penetration or plasma-protein binding). Analysis of 3-

dimensional distribution of hydrophobicity on molecular
surface is particularly helpful when explaining
differences in observed ADME properties of molecules
with the same logP, since, of course, 3D parameter
contains much more information then logP expressed by
just a single value.5*®!

Figure 8: 3D structures.

Several common drugs having the same logP (about 2.5)
but exhibiting very different 3D hydrophobicity
distribution.

Molinspration Property Calculator: - easy interactive
calculation of molecular properties, generation of QSAR
tables.

Calculation of molecular physicochemical properties
relevant to drug design and QSAR, including logP,
molecular polar surface area (PSA), and the Rule of 5
descriptors. More information about the calculated
parameters; see also the property calculation FAQ.
Calculation of bioactivity score and drug-likeness for
GPCR ligands, ion channel modulators, kinase inhibitors
and nuclear receptor ligands (interactive virtual
screening), choose the [Predict Bioactivity] option.

More information about calculation of bioactivity scores
and virtual screening. Generation of 3D molecular
geometry from molecular connectivity information
(SMILES) by a Molinspiration 3D structure generator
Galaxy (currently in beta). Substructure and similarity
search to illustrate the Molinspiration web-based
structure search technology.

S

Figure 9: 3D structures by chem sketch.

More information about the structure search engine. The
future of free Molinspiration interactive services depends
also on you! Let us know which other services would
you find useful in your work. Any comments and
suggestions are welcome!

Molinspiration Molecule Viewer:- Visualization of large
sets molecules.

Molinspiration Data Viewer:- Visualization of QSAR
datasets with interactive molecule display.

Molinspiration DataViewer midv supports visualization
of molecules and related numerical data and easy data
mining. Additionally, the midv allows generation of
graphs in publication quality. Even very large collections
of molecules (100'000 structures) can be interactively
visualized. Viewer is written in Java, therefore is
platform independent and may be used on any computer
where the Java runtime (version 1.4 or better) is
installed.!

T Holinspirasisn DaiaViewer

Codor oqime:

Figure 10: Electronic cloud.

Molinspiration Depiction:- High quality depiction of
molecules encoded as SMILES of MDL Molfile.
Molinspiration Depiction software allows generation of
high-quality molecule images in png format from a
Daylight SMILES string or MDL Molfile. The program
may be used either from a command line as described
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below, or be incorporated into a cgi script or a servlet to
generate depictions of molecules in various interactive
cheminformatics web services. You may see the
Molinspiration Depiction in action by entering SMILES
to depict into this interface. The program is started by a
command:

Java -jar depiction.jar -smi 'smiles' | -f file [-options] >
image.png

Where the ‘file' is a MDL Molfile or a file containing
single SMILES string

Options are used to set-up various image parameter
-x imageWidth -y imageHeight determine size of the
image

-bw black-and-white image will be generated

-blackbg image with black background will be generated

-border a border around image will be rendered

-text ‘infoText' text information will be added to the
image

-cg common functional groups will be collapsed (useful
when rendering large complex molecules)

Acetazolamide
H,C o

o
S\ NH,

NH\(/\\
N—N o

0O=S(N)(=0)c1nnc(NC(C)=0)s1

Figure-11: Drug structure, smiles, 3D view with electron cloud.

-new when rendering molecule from Molfile new
geometry will be generated from connectivity (otherwise
2D coordinates from the source Molfile are used)

-transp generates molecule image with transparent
backgrund, allowing to change  background
programatically with JavaScript

-aab changes the default depiction of aromatic rings with
inner “cicles" to display with alternating single and
double bonds.

Also highlighting of various parts of the molecule
(atoms, bonds, rings) is possible. This feature is still in
beta, so if you are interested, please contact us for
details.

Database of Bioactive Substituents and Linkers: -
database of 21 thousand substituents and 49 thousand
linkers extracted from bioactive molecules including also
calculated properties.

Collection of Substituents and Spacers Extracted from
Bioactive Molecules.

Molinspiration offers a database of substituents and
spacers (linkers) obtained by substructure analysis of a
collection of current drugs, development drugs and other
molecules with biological activity containing about
17000 entries. The database is provided in SMILES or
SDfile format and includes also calculated
physicochemical properties (the same properties as
offered by our interactive property calculation service).
This dataset contains about 21 thousand substituents and
49 thousand linkers (66% of those beeing ring systems)
having up to 15 nonhydrogen atoms.

Possible application area of the database includes virtual
combinatorial chemistry, generation of bioactive
molecules with desired properties by combining spacers
and substituents, or bioisosteric design by replacing
selected substructures in target molecules by their
analogs identified by property similarity search.
Molinspiration can offer help in implementing these or
similar applications.’?”

Example data
20 most common substituents in SMILES format
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20 most common substituents in SDfile format
20 most common spacers in SMILES format
20 most common spacers in SDfile format

CONCLUSION

Molinspiration serves as an essential tool in
computational chemistry and drug design. Its predictive
capabilities provide valuable insights that support
decision-making in the early stages of pharmaceutical
research. For researchers tools such as Molinspiration
not only facilitate a deeper understanding of molecular
behavior but also play a critical role in translating
theoretical knowledge into practical applications in drug
development. Molinspiration supports internet chemistry
community by offering free on-line services for
calculation of important molecular properties (logP,
polar surface area, number of hydrogen bond donors and
acceptors and others). Number of molecules processed
per month exceeds 100,000! Molinspiration is a privately
owned company specializing in cheminformatics
software and tools. They provide a range of software and
web-based services for molecular manipulation, property
calculation, and bioactivity prediction, particularly in
drug discovery and related fields. Their tools are used by
researchers in academia and industry for tasks like
QSAR (Quantitative Structure-Activity Relationship)
analysis, molecular modeling, and virtual screening.
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