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Introducing MOSES.Descriptors Community Edition 
Molecular Networks makes the core set of molecular descriptors provided by 
ADRIANA.Code publicly available to the scientific community [1]. This core set, called 
MOSES.Descriptors Community Edition (CE), includes in total  

211 molecular descriptors 

which are the most versatile and widely applicable descriptors in the areas of drug 
design, ADME and toxicity prediction, for modeling chemical reactivity and to support 
the use of computational tools in risk assessment of chemicals. 

Objective of MOSES.Descriptors CE 

MOSES.Descriptors CE comprises a unique combination of methods for coding 
molecular structures. It contains a series of methods for the generation of 3D 
structures, the calculation of physicochemical descriptors based on empirical models 
for the influences of atoms in molecules and a mathematical transformation technique. 
The calculated physicochemical descriptors, such as charge distributions or 
polarizability effects, are used for the representation of molecular structures by means 
of the mathematical transformation of autocorrelation. 
This molecular transform form a hierarchy of increasing sophistication in representing 
molecular geometry from the constitution (topological autocorrelation) to the 3D 
structure (spatial autocorrelation, see Figure 1). 
 

 

 
 constitution 3D model 

 

Figure 1 A hierarchy of structure representation: from the constitution to the 3D 
structure. 

As a consequence, an entire dataset of molecules can be converted into a uniform 
representation directly amenable to inductive learning methods such as statistical or 
pattern recognition methods or neural networks. 
The descriptors calculated by MOSES.Descriptors CE encode fundamental 
physicochemical effects and clear-cut geometric features. Thus, relationships between 
the descriptors from MOSES.Descriptors CE and physical, chemical or biological 
properties are open to a direct interpretation. 

N
H

NO

NH3

O

+

-



Introducing MOSES.Descriptors Community Edition 

2 

Use of Descriptors Provided by MOSES.Descriptors CE 

The clear-cut physicochemical basis of molecular descriptors that is realized in 
MOSES.Descriptors CE can serve as a guide in choosing the appropriate descriptors 
for a given problem. 
First, a single molecule can be expressed by a single value that has a clear definition, 
such as the mean molecular polarizability, the dipole moment or the number of 
hydrogen bond donor or acceptor atoms Those descriptors are often called global 
molecular descriptors (see section "Global Molecular Descriptors" on page 4). 
In addition, a set of size- and shape-related descriptors are calculated, such as 
molecular span, principal moments of inertia or radius of gyration (see section "Shape 
Descriptors" on page 5). These descriptors encode the overall shape and size of a 
molecule expressed by a single value. 
At a second level, descriptors that encode the constitution of a molecule (sometimes 
also called 2D structure) can be used utilizing a variety of physicochemical atom 
properties, such as the σ, π or total charges, the effective polarizability, or σ, π or lone 
pair electronegativities. In order to derive a uniform representation of all molecules in a 
dataset, the mathematical transformation of autocorrelation is applied. This 
transformation leads to a vectorial descriptor of fixed length for each molecule 
independent of its size (see section "Topological or 2D Property-Weighted 
Autocorrelation" on page 6). 
On the next higher level of sophistication, the 3D structure can be used as the basis for 
the type of descriptor to be calculated. Again, various physicochemical properties, such 
as the σ, π or total charges, the effective polarizability, or σ, π or lone pair 
electronegativities, of the atoms of the molecule can be considered. The mathematical 
transformation of autocorrelation is applied to obtain a vectorial descriptor of fixed 
length for each molecule independent of its size and orientation in space. These 3D 
autocorrelation descriptors encode the distribution of atom pair properties in the 3D 
structure of a molecule (see sections "Spatial or 3D Property-Weighted 
Autocorrelation" on page 7). 
MOSES.Descriptors CE provides a machinery for the representation of molecular 
structures. From all calculated descriptors, the user can bring into consideration her or 
his knowledge on the type of effects that are influencing the physical, chemical or 
biological property to be modeled. The more the user has knowledge about those 
effects and their influence on the property, the better a guided choice on the types of 
descriptors that should be used can be made. 

Technology 

MOSES.Descriptors CE is based on the Chemoinfomatics platform MOSES, 
developed, maintained and owned by Molecular Networks GmbH [4]. 
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The MOSES.Descriptors CE Web Service 
MOSES.Descriptors CE is provided as a web service available on the web server of 
Molecular Networks at  

http://www.molecular-networks.com/services/mosesdescriptors 
(see Figure 2). 
The MOSES.Descriptors CE web service calculates a set of molecular descriptors (in 
total 211) by processing a file of chemical structures in SDF or SMILES format that is 
uploaded by the user. 
Chemical structure files can be uploaded by typing the full file name of the file into the 
form next to the Browse… button or by clicking the Browse… button and selecting a 
file in the File Upload dialog. 
The file size of the input file is limited to 1 MB. 
After pressing the Submit button, the service calculates the molecular descriptors for 
the molecules in the uploaded file and returns the descriptors in csv (comma separated 
value) file format. The first line in the returned output file is a header line listing the 
contents of each column (record number, calculated descriptors, error and warning 
messages). 
 

 

 
 

Figure 2 The MOSES.Descriptors CE web service. 
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Supported File Formats 

Chemical structures are accepted in the following file formats:  
• Accelrys SDFile [5] 
• Daylight SMILES [6] 
The input file format is determined automatically. If an unsupported file format is 
submitted the following error message will be written out:  
Error: input file format not supported (SDF or SMILES only)! 

Submission of 3D SDFiles 

3D atom coordinates that are provided in the input file can be used for calculating 
descriptors that require a valid 3D structure (e.g., dipole moment) by checking the box 
"Use 3D structures provided in input file". 
A valid 3D structure requires that  
• all atoms are defined including all hydrogen atoms (no implicit hydrogen atoms)  
• all atoms have 3D coordinates  
If an in-valid input 3D structure is encountered the internal library of the 3D structure 
generator CORINA will automatically generate a new 3D structure [7]-[9]. An 
appropriate warning message is written to the last column of the descriptor. Such 
messages are written out individually for each record (molecule) where a warning or an 
error occurs. 

Descriptor Output File 

The descriptor output file is csv (comma separated value) formatted and consists of a 
header line and a data block. 
The first line is the header line and names the columns in the csv file by the 
abbreviations of the calculated descriptors. 
The data block contains the record numbers and the calculated descriptors. Each line 
in the data block in the csv file (data line) represents one molecule of the input 
structure file. The first column is the record (or molecule) number in the order as they 
are stored in the structure input file followed by descriptor columns (integers and 
floating point values). The last three columns contain warning and error messages that 
may have occurred during the calculation process. 
The value "NULL" in a field of the descriptor matrix indicates that the calculation of this 
descriptor failed. In this case, an error (or warning) message should appear in the 
column "Error_messages". 
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Error and Warning Messages in csv Output File 

Error and warning messages that are given in csv output file in the last three columns 
correspond to the calculation of the descriptors by MOSES.Descriptors CE. A value of 
"none" indicates that no error or warning message occurred for the respective record 
(molecule). 
Error messages always start with the sequence @ERROR. 
Warning messages always start with the sequence @WARNING. 
A special warning message is written to the last column "3D_warning_messages" 
when the box "Use 3D structures provided in input file" was checked 
but an in-valid or no 3D structure was encountered for a specific record (molecule). For 
this record, a newly generated 3D model by CORINA was used. The warning message 
is "@3D_WARNING: 3D model not correct/available: using CORINA". 
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Descriptors Provided by MOSES.Descriptors CE 
In the following sections the molecular descriptors that are calculated by 
MOSES.Descriptors CE are described. 

Global Molecular Descriptors 

Global molecular descriptors represent a chemical structure by a structural, chemical or 
physicochemical feature or property of the molecule expressed by a single value. They 
are derived either from the gross formula, the constitution (2D structure, i.e., the 
connection table that is the list of atoms and bonds present in a molecule) or the 3D 
structure of a molecule. Prior to the calculation of the descriptors, implicit hydrogen 
atoms are added to the input structure. 3D Cartesian coordinates are calculated by the 
integrated module of the 3D structure generator CORINA unless they are not provided 
in the input file [7]-[9]. 
The following global molecular descriptors are calculated (see Table A). 

Table A Available global molecular descriptors. 

Descriptor Description Abbreviation 

Molecular weight Molecular weight in [g/mol] derived from the 
gross formula [10] 

Weight 

Number of hydrogen 
bonding acceptors 

Number of hydrogen bonding acceptors 
derived from the sum of nitrogen and oxygen 
atoms in the molecule [11] 

HAcc 

Number of oxygen 
atom-based hydrogen 
bonding acceptors 

Number of hydrogen bonding acceptors 
derived from the sum of oxygen atoms only in 
the molecule [11] 

HAcc_O 

Number of nitrogen 
atom-based hydrogen 
bonding acceptors 

Number of hydrogen bonding acceptors 
derived from the sum of nitrogen atoms only 
in the molecule [11] 

HAcc_N 

Number of hydrogen 
bonding donors 

Number of hydrogen bonding donors derived 
from the sum of N-H and O-H groups in the 
molecule [11] 

HDon 

Number of oxygen 
atom-based hydrogen 
bonding donors 

Number of hydrogen bonding donors derived 
from the sum of O-H groups only in the 
molecule [11] 

HDon_O 

Number of nitrogen 
atom-based hydrogen 
bonding donors 

Number of hydrogen bonding donors derived 
from the sum of N-H groups only in the 
molecule [11] 

HDon_N 

Octanol/water partition 
coefficient (logP) 

Octanol/water partition coefficient in [log 
units] of the molecule following the XlogP 
approach [12] 

XlogP 
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Topological polar 
surface area 

Topological polar surface area in [Å2] of the 
molecule derived from polar 2D fragments 
[13] 

TPSA 

Mean molecular 
polarizability 

Mean molecular polarizability in [Å3] of the 
molecule [14]-[17] 

Polariz 

Molecular dipole 
moment 

Dipole moment in [Debye] of the molecule 
[7]-[9],[18]-[24] 

Dipole 

Aqueous solubility 
(logS) 

Solubility of the molecule in water in [log 
units] [26],[27] 

LogS 

Number of rotatable 
bonds 

Number of open-chain, single rotatable bonds 
[28] 

NRotBond 

Number of Rule of 5 
violations 

Number of violations of the Lipinski's rule of 5 
(Weight > 500, XlogP > 5, HDon > 5, HAcc > 
10) [11] 

NViolationsRo5 

Number of extended 
Rule of 5 violations 

Number of violations of the extended 
Lipinski's rule of 5 (additional rule: number of 
rotatable bonds > 10) [11] 

NViolationsExtRo5 

Number of atoms Number of all atoms in the molecule 
(including hydrogen atoms)  

NAtoms 

Number of tetrahedral 
stereo centers 

Number of tetrahedral chiral centers in the 
molecule 

NStereo 

Molecular complexity Molecular complexity according to the 
approach by J. Hendrickson [29] 

Complexity 

Ring complexity Ring complexity according to the approach by 
J. Gasteiger and C. Jochum [30] 

RComplexity 

Shape Descriptors 

Although, shape descriptors also represent a molecule by a single value, they got an 
own category within the descriptor hierarchy of MOSES.Descriptors CE. As the name 
already implies, size and shape descriptors characterize the size and the 3D shape of 
a molecule, e.g., if a molecule has a more enlongated or a spherical shape. Shape 
descriptors are derived from the 3D structure of a molecule. Prior to the calculation of 
the descriptors, implicit hydrogen atoms are added to the input structure. 3D Cartesian 
coordinates are calculated by the integrated module of the 3D structure generator 
CORINA unless they are not provided in the input file [7]-[9]. 
The following size and shape descriptors are calculated (see Table B). 
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Table B Available size and shape descriptors. 

Descriptor Description Abbreviation 

Molecular diameter Maximum distance between two atoms in the 
molecule in [Å] [31] 

Diameter 

Principal moment of 
inertia of 1st principal 
axis 

Principal component of the inertia tensor in x-
direction in [Da·Å²] [32] 

InertiaX 

Principal moment of 
inertia of 2nd principal 
axis 

Principal component of the inertia tensor in y-
direction in [Da·Å²] [32] 

InertiaY 

Principal moment of 
inertia of 3rd principal 
axis 

Principal component of the inertia tensor in z-
direction in [Da·Å²] [32] 

InertiaZ 

Molecular span Radius of the smallest sphere centered at the 
center of mass which completely encloses all 
atoms in the molecule in [Å] [33] 

Span 

Molecular radius of 
gyration 

Radius of gyration in [Å] [33],[34] Rgyr 

Molecular eccentricity Molecular eccentricity [32] Eccentric 

Molecular asphericity Molecular asphericity [32] Aspheric 

Vectorial Molecular Descriptors 

The vectorial molecular descriptors that are available in MOSES.Descriptors CE 
represent a chemical structure by a vector of fixed length independent of the size of the 
molecule. These vectors are derived either from the 2D, the 3D or the molecular 
surface representation of a chemical compound in combination with physicochemical 
atom or surface properties. Since only internal coordinates (topological or spatial 
distances of atom pairs) are taken into account, the resulting descriptors (vectors) are 
independent of the orientation of the molecules in space (translation and rotation 
invariant). Therefore, no preprocessing alignment of the molecules of a dataset under 
investigation is necessary. 

Topological or 2D Property-Weighted Autocorrelation 

Topological or 2D property-weighted autocorrelation (2D autocorrelation or 2D 
autocorrelation vectors) uses the 2D structure of a molecule (i.e., the molecular graph 
as expressed by the connection table) and atom pair properties as a basis to derive 
vectorial molecular descriptors [1],[35]. The products of atom pair properties are 
summed up for certain topological distance that is the number of bonds on the shortest 
path between two atoms. Thus, for each topological distance a single value is obtained 
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that is one coefficient of the resulting 2D autocorrelation vector. 
Table C lists the atom pair properties that are used for 2D autocorrelation. 

Table C Available atom pair properties for 2D autocorrelation. 

Atom Pair Property Description Abbreviation 

Identity 2D autocorrelation weighted by atom 
identities, i.e., "1" for an atom 

2DACorr_Ident 

σ Charge 2D autocorrelation weighted by σ atom 
charges [18]-[21] 

2DACorr_SigChg 

π Charge 2D autocorrelation weighted by π atom 
charges [22]-[25] 

2DACorr_PiChg 

Total charge 2D autocorrelation weighted by total atom 
charges (sum of σ and π charges) [18]-[25] 

2DACorr_TotChg 

σ Electronegativity 2D autocorrelation weighted by σ atom 
electronegativities [18]-[21] 

2DACorr_SigEN 

π Electronegativity 2D autocorrelation weighted by π atom 
electronegativities [22]-[25]  

2DACorr_PiEN 

Lone pair 
electronegativity 

2D autocorrelation weighted by lone pair 
electronegativities [22]-[25] 

2DACorr_LpEN 

Effective polarizability 2D autocorrelation weighted by effective 
atom polarizabilities [14]-[17] 

2DACorr_Polariz 

 
The 2D autocorrelation vectors are calculated using the following parameters that have 
been proven to be useful for most modeling purposes. 
• Hydrogen atoms are ignored and only non-hydrogen (heavy) atoms are taken into 

account. 
• The minimum topological distance taken into account is "0", i.e., the first coefficient 

(element) of the 2D autocorrelation vector is the sum of the products of atom pair 
properties of each atom with itself. 

• The maximum topological distance taken into account is "10", i.e., up to ten 
intervening bonds between an atom pair. 

Therefore, the dimensionality of a single 2D autocorrelation vector is "11". In total, eight 
eleven-dimensional 2D autocorrelation vectors using eight different atom pair 
properties (see Table C) are calculated for a molecule. 

Spatial or 3D Property-Weighted Autocorrelation 

Spatial or 3D autocorrelation (3D autocorrelation or 3D autocorrelation vectors) uses 
the 3D structure of a molecule (i.e., the Cartesian atomic coordinates) and atom pair 
properties as a basis to derive vectorial molecular descriptors [3],[36]. The products of 
atom pair properties are summed up for certain 3D distance intervals. Thus, for each 
3D distance interval a single value is obtained that is one coefficient of the resulting 3D 
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autocorrelation vector. 
If no 3D structure is provided in the input file the integrated module of the 3D structure 
generator CORINA is used to generate 3D Cartesian coordinates [7]-[9]. Prior to the 
calculation of the descriptors implicit given hydrogen atoms are added to the input 
structure. 
Table D lists the atom properties that are available for 3D autocorrelation. 

Table D Available atom pair properties for 3D autocorrelation. 

Atom Pair Property Description Further Details 

Identity 3D autocorrelation weighted by atom 
identities, i.e., "1" for an atom 

3DACorr_Ident 

σ Charge 3D autocorrelation weighted by σ atom 
charges [18]-[21] 

3DACorr_SigChg 

π Charge 3D autocorrelation weighted by π atom 
charges [22]-[25] 

3DACorr_PiChg 

Total charge 3D autocorrelation weighted by total atom 
charges (sum of σ and π charges) [18]-[25] 

3DACorr_TotChg 

σ Electronegativity 3D autocorrelation weighted by σ atom 
electronegativities [18]-[21] 

3DACorr_SigEN 

π Electronegativity 3D autocorrelation weighted by π atom 
electronegativities [22]-[25] 

3DACorr_PiEN 

Lone pair 
electronegativity 

3D autocorrelation weighted by lone pair 
electronegativities [22]-[25] 

3DACorr_LpEN 

Effective polarizability 3D autocorrelation weighted by effective 
atom polarizabilities [14]-[17] 

3DACorr_Polariz 

 
The 3D autocorrelation vectors are calculated using the following parameters that have 
been proven to be useful for most modeling purposes. 
• Hydrogen atoms are ignored and only non-hydrogen (heavy) atoms are taken into 

account. 
• The minimum spatial distance taken into account is "1 Å", i.e., the first coefficient 

(element) of the 3D autocorrelation vector is the sum of the products of atom pair 
properties of atom pairs that are apart from each other between 1 to 2 Å. 

• The maximum spatial distance taken into account is "13 Å", i.e., up to ten 
intervening bonds between an atom pair. 

• The number of equal 3D distance intervals is set to "12", i.e., the first interval sums 
up the atom pair property products from 1 to 2 Å. 

Therefore, the dimensionality of a single 3D autocorrelation vector is "12". In total, eight 
twelve-dimensional 3D autocorrelation vectors using eight different atom pair properties 
(see Table D) are calculated for a molecule. 
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