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Chemical space: key concept in chemoinformatics*

Author(s) Chemical space definitions

Varnek

and 

Baskin

The ensemble of graphs or descriptor vectors

forms a chemical space in which some relations

between the objects must be defined.

Lipinski 

and 

Hopkins

Chemical space can be viewed as being analogous

to cosmological universe in its vastness, with

chemical compounds populating space instead of

stars.

Reymond 

et al. 

Ensemble of all known and possible molecules

described by their chemical properties.

Vogt Comprehensive collection of all possible small

molecules under some reasonable restrictions

considering size and composition.

33* Varnek A., Baskin II. Chemoinformatics as a theoretical chemistry discipline. Mol. Inf. 2011 17:789-798

Applications

• Structure-property relationships

• Structural diversity analysis

• Library design

• Compound selection



Natural products and databases in

drug development
difacquim.com

difacquim.com

Valli and Bolzani. Anais da Academia Brasileira de Ciências 2019 91: e20190208



Natural products as drugs

Atanasov-G, A. et al. Natural products in drug discovery: advances and opportunities. 
Nature Rev. Drug Discov. 2021 20:200-216 5



6Gastaiger J. History and Challenges of Chemoinformatics

Examples of 

bioactive 

compounds

obtained in Latin 

American 

medicinal plants.
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Compound collections: types and size

• Commercial: for purchase and testing.

oGeneral screening (diverse libraries).

o Focused on a specific target or indication.

• De novo.

• On-demand.

• Natural products and food chemicals.

Chavez-Hernández AL et al. Front. Drug Discov. 2023 3:1222655
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Food chemicals expand 

the traditional chemical 

multiverse

of bioactive compounds

Chemical multiverse:  

multiple chemical spaces

MACCS keys

ECFPs

~77,000 food chemicals
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Fifteen most frequent scaffolds from FooDB and their presence in the four reference 

(bioactive) data sets: natural products and approved drugs:

➢ Large overlap of bioactive rings.

Avellaneda-Tamayo JF et al. J. Chem. Inf. Model. 2024 64:1229

Characterization of food chemicals



Natural products databases
Contributions from Latin America

difacquim.com
difacquim.com



11https://coconut.naturalproducts.net/
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Nuclei of Bioassays, Biosynthesis and 
Ecophysiology of Natural Products (NuBBE) 

http://www.nubbe.iq.unesp.br/portal/nubbe-search.html 

• 2223 compounds

• Plants, terrestrial 

and marine 

animals; 

microorganisms

• São Paulo State 

University; 

University of São 

Paulo

Pilon AC et al. NuBBEDB: An updated database to uncover chemical and biological information from 
Brazilian biodiversity. Sci. Rep. 2017 7:7215
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https://perunpdb.com.pe/

Dr. Miguel Angel Chávez

• 280 compounds

• Plants & animals

• Universidad Católica de Santa María, 

Arequipa, Perú

Barazorda-Ccahuana HL et al. PeruNPDB: The Peruvian Natural 
Products Database for in silico drug screening. Sci. Rep. 2023 13:7577

PeruNPDB large structural diversity
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www.biomx-db.com

1st version: Pilón-Jiménez BA et al. Biomolecules 2019 9:31

•605 compounds

•Plants, fungi, marine animals
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Other databases under update and development

Dr. Marcus Tullius Scotti
Coordinator
Universidad Federal de Paraiba

Costa RPO et al. J. Chem. Inf. Model. 2021: 61 2516-2522 https://sistematx.ufpb.br/



Towards a unified chemolibrary

Latin American Natural Product Database

difacquim.com
difacquim.com

2020 6:FSO468
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Latin American Natural Product Database
LANaPDB

LANaPDB ~13,000 compounds
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Latin American Natural Product Database
work team



Latin America Databases at LANaPDB (v.2)
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Database Number of 
compounds

a
Country Source General description

NuBBEDB 2223 Brazil Plants 
Microorganisms
Terrestrial 
animals
Marine animals

Natural products of Brazilian biodiversity. 
Developed by the São Paulo State University 
and the University of São Paulo.

SistematX 9514 Brazil Plants Database composed of secondary metabolites 
and developed at the Federal University of 
Paraiba.

UEFS 503 Brazil Plants Natural products that have been separately 
published. Developed at the State University of 
Feira de Santana.

NPDB EjeCol 200 Colombia Plants Natural products and foods from
plants in the Eje Cafetero Region. Database 
from the Technological University of Pereira.

NAPRORE-CR 1600 Costa Rica Plants
Microorganisms

Developed in the University of Costa Rica.

LAIPNUDELSAV 214 El Salvador Developed by the Research Laboratory in 
Natural Products of the University of El 
Salvador.
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Database Number of 

compounds
a

Country Source General description

UNIIQUIM 1112 Mexico Plants Natural products mainly isolated and 

characterized at the Institute of Chemistry of 

the National Autonomous University of 

Mexico.

BIOFACQUIM 750 Mexico Plants

Fungus

Propolis

Marine animals

Natural products isolated and characterized in 

Mexico at the School of Chemistry of the 

National Autonomous University of Mexico 

and other Mexican institutions.

CIFPMA 363 Panama Plants Natural products that have been tested in over 

25 in vitro and in vivo bioassays, for different 

therapeutic targets. Developed at the 

University of Panama.

PeruNPDB 280 Peru Animals

Plants

Created at the Catholic University of Santa 

Maria.

Gómez-González A. et al. Pharmaceuticals 2023 16: 1388

Gómez-González A. et al. Mol. Inf. 2024 43:e202400052

Latin America Databases at LANaPDB (v.2)



22

Number of unique and overlapped 
compounds in LANaPDB. 

Brazil: with the largest number 
of unique natural products

Unique compounds and structure classification

Terpenoids and diterpenoids 
are the most abundant

Gómez-González A. et al. in preparation
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Property profile

LANaPDB has similar profile to COCONUT (and distinct from approved drugs)

Natural products from El Salvador and Panama have distinct property profile.
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Visualization of chemical space

Natural products from Brazil are the most diverse, followed by Mexico and Costa Rica. 
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Bioactive (“magic”) rings in LANaPDB

The twenty most abundant bioactive ring systems in LANaPDB, their biological 
target and percentage of occurrence. 
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Molecular complexity

• LANaPDB: large fraction of compounds 

potentially selective.

• Higher structural complexity than COCONUT.

Krzyzanowski A et al. Spacial Score─A Comprehensive Topological Indicator for Small-Molecule
Complexity. J. Med. Chem. 2023 66:12739.



27Gómez-González A. et al. Mol. Inf. 2024 43:e202400052

Kernel density estimate plots that represent the distribution of the natural product-likeness scores of LANaPDB, COCONUT and 
approved drugs calculated with: A) Natural product-likeness calculator B) NP-Scout and C) Neural networks NP score.

• NPLC (Ertl´s) distinguishes LANaPDB 
from COCONUT and approved 
drugs.

• NP-Scout sharp distinction between 
databases.

• Neural-network-based score does 
not distinguish  NP collections 
(based on structural and property 
descriptors).



Summary and outlook
• Natural products and food chemicals expand the bioactive chemical space.
• LANaPDB: Ten Latin American databases; 13,580 compounds.
• Open access at https://github.com/alexgoga21/LaNaPDB
• Available in COCONUT (under Collections)

• For each compound:

– Linear notation.

– Reference (peer-reviewed paper).

– Taxonomic  and structural classification.

– Physicochemical properties and chirality.

– Molecular complexity and synthetic feasibility scores.

– Commercial availability and bioactivity data.

In progress:

➢ Physical collection for experimental screening.

➢ Several virtual screenings vs. multiple endpoints.
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