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1. Introduction

 Natural products
 Applications in the pharmaceutical industry

 Databases
 Definition, utility
 Classification
 Natural products

2. Overview of the LANaPDB database
3. Progress
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Source
Substances produced by plants, microorganisms, and animals.
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Penicillium chrysogenum
Fungus
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1946-1980

•Total: 70
•NPs: 40 (53.3%):

Unaltered NPs.
NPs that have undergone a semi-synthetic modification

1981-2019

•Total: 185
•NPs: 120 (64.9%):

Unaltered NPs.
Synthetic compounds, whose core is inspired by NPs.

Approved antineoplasic drugs

Newman-D, J.  et al. Natural products as sources of new drugs over the nearly four decades from 01/1981 to 09/2019. Journal of 
natural products. 2020. 83, 770–803.
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Between 1981 and 2019, more than 70 drugs were approved, whose development process involved 
some computational method.

Sabe-T, V. et al. Current trends in computer aided drug design and a highlight of drugs
discovered via computational techniques: A review. European journal of medicinal chemistry. 2021. 224, 113705.
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Captopril
(Antihypertensive)

Bothrops jararaca snake
Terrestrial animal

Receptor structure-based
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Definition
Organized collection of information in any field of knowledge.

Utility
Organize information

Retrive required information

Masic, I. et al. Review of most important biomedical databases for searching of biomedical scientific literature. Ultrasound in 
obstetrics and gynecology. 2012. 6, 343–361
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Database 
category Content Database examples

Chemical 
information

Chemical and crystal structures spectra
Reactions and syntheses

Thermophysical data

ChemSpider
ChEBI

Chemical Universe Database GDB

Bioactivity
Inhibitor constant (Ki)

Dissociation constant (Kd)
Half maximal inhibitory concentration (IC50)
Half maximal effective concentration (EC50)

PubChem
ChEMBL

BindingDB
ChemBank
PDBbind

Drug Detailed drug data
Comprehensive drug target information DrugBank

Natural 
product Structures

Universal Natural Product 
Database
MeFSAT

Natural Product Atlas

Chemical 
availability

Available compounds offered by chemical
vendors

ZINC
NCI

Fragments
Structures

Physicochemical information
Binding site preferences

FDB-17
Fragment Store

PADFrag

Yang, J. et al. Freely accessible chemical database resources of compounds for in silico drug discovery. Current medicinal 
chemistry. 2019. 26, 7581-7597.
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Database name Number of compounds Accessibility
Collection of Open Natural Products (COCONUT) 411,621 Open access

Universal Natural Product Database ∼229,000 Open access
SuperNatural 3.0 449,048 Open access

ZINC ∼80,000 Open access
Dictionary of Natural Products ∼230,000 Commercial

Scifinder ∼300,000 Commercial
Reaxys ∼200,000 Commercial

TCM@Taiwan (China) ∼58,000 Open access
IMPPAT (India) ∼10,000 Open access
AfroDB (Africa) ∼1000 Open access

Phyto4Health (Russia) 3128 Open access

Gómez-G, A. and Medina-F, J.L. Progress and impact of Latin American natural product databases. 
Biomolecules. 2022. 12, 1202.
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Commercial databases

Database/ Name of the company Source of natural products

AnalytiCon Discovery Bacteria, terrestrial animals

Axxam/IMAX Discovery Bacteria, plants and fungi

BioAustralis Bacteria and fungi

Biosortia Microbiomics Bacteria and fungi

Caithness Biotechnologies Plants

ChromaDex Fungi

Curia Bacteria, fungi, terrestrial and marine animals

Cyano Biotech Cyanobacteria

Greenpharma Natural Compound Library Bacteria, plants, terrestrial animals

INDOFINE Chemical Company Plants

National Center for Complementary and Integrative Health 
https://www.nccih.nih.gov/grants/natural-product-libraries

The original list is made up of 25 commercial databases
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Applications

Prediction of 
bioactive 
molecules

Pseudo natural products Subset selection Ecology
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Only 50 contain structures that can be 
recovered for chemoinformatics

analysis.

92 open 
access

98 
accesible

123 
published

2000-2019

Sorokina, M. et al. Review on natural products databases: Where to find data in 2020. Journal of 
chemoinformatics. 2020. 12, 20.
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Latin America

It is home to at least a third of global biodiversity.

Biodiversity
Variety of living beings in their 

environment.

Latin America is a source of bioactive molecules.

Raven, P.H. et al. The distribution of biodiversity richness in the tropics. Science advances. 2020. 6, 228.
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Database Country Disease or symptom Causal agent Number of 
compounds 
identified

Year of 
publication

NuBBEDB Brazil Chagas disease
Tuberculosis

Trypanosoma cruzi
Mycobacterium
tuberculosis

10
13

2019
2021

SistematX Brazil Chagas disease
Leishmaniasis
Schistosomiasis
Coronavirus disease 2019
Alzheimer’s disease

Trypanosoma cruzi
Leishmania donovani
Schistosoma mansoni
SARS-CoV-2
-

13
13
5
19
2

2018
2021
2022
2020
2021

UNIIQUIM Mexico Pain 6 2017

BIOFACQUIM Mexico Obesity
Diabetes
Hyperlipoproteinemia
Cancer
Human immunodeficiency virus infection
Hepatitis B and C.

Age-related diseases

8

3

2020

2021

Gómez-G, A. and Medina-F, J.L. Progress and impact of Latin American natural product databases. 
Biomolecules 2022 12:1202
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There is not a database that unifies the Latin American NP databases

LANaPDB
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Build a database of compounds found in natural products from 
Latin America.

The database will be built from the integration and unification
of databases already established or under construction.
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Database Number of
compounds

Country Accessibility Source Year of publication

NuBBEDB 2223 Brazil Open-access Plants
Microorganisms
Terrestrial animals
Marine animals

2013, 2017

SistematX 9514 Brazil Open-access Plants 2018, 2021

UEFS 503 Brazil Open-access Plants There is no associated 
scientific publication

NPDB EjeCol 236 Colombia Open-access Plants 2024

NAPRORE-CR 359 Costa Rica Access under 
request

Plants
Microorganisms

Not published yet

LAIPNUDELSAV 214 El Salvador Access under 
request

There is no associated 
scientific publication

CIFPMA 454 Panama Access under 
request

Plants 2017

PeruNPDB 280 Peru Open-access Plants
Animales

2023

UNIIQUIM ~1112 Mexico Open-access Plants There is no associated 
scientific publication

BIOFACQUIM 553 Mexico Open-access Plants
Fungi
Propolis
Marine animals

2019, 2020
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México
BIOFACQUIM

Panamá
CIFPMA

Colombia

El Salvador
LAIPNUDESAL

Costa Rica
NAPRORE-CR

Dr. José Luis 
Medina Franco

MSc. Alejandro 
Gómez García

Dr. Marvin José 
Núñez

Dr. Willam Zamora

Dr. Dionisio Antonio Olmedo

Dr. Héctor Fabio 
Cortés 
Hernández

MSc. Johny Roberto 
Rodríguez Pérez

Dr. Adriano D. 
Andricopulo

Dra. Vanderlan da 
Silva Bolzani 

Dra. Marilia Valli 

Dr. Miguel Ángel 
Chávez Fumagalli

Perú
PeruNPDB

Brasil
NuBBEDB

Dra. Manuela 
Emilia García

Dra. Valeria Patricia 
Sülsen

Dra. Soledad 
Ravetti

Brasil
NuBBEDB

Argentina

Dr. José Ramírez 
Domenech

Puerto Rico

Dr. Pablo Dands
Uruguay

Dr. Hoover A. 
Valencia Sánchez

Dr. Oscar M. 
Mosquera 
Martinez

Dra. Haruna L. 
Barazorda-
Ccahuana

Daniel A 
Acuña 
Jiménez
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Content of the database

Chemical structures in SMILES format

References

Commercial availability

Biological activity

Synthetic feasibility

Molecular complexity

Structural classification

Physicochemical properties

Original and new IDs

Cross-references to ChEMBL and PubChem

• Total number of compounds: 13,578
• Total number of Latin American databases in LANaPDB: 10
• Total number of Latin American countries: 7
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Compound standardization

Removal of explicit hydrogen atoms.

Disconnect covalent bonds between organic molecules and metals.

Removal of salts, keeping the largest fragment, which is neutralized.

Reionization (Ensures that the strongest acid is protonated first into 
partially ionized molecules.)

Preservation of the original stereochemistry.

Elimination of repeating molecules.
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• Structural classification
• Chemical space visualization

Cross-reference to:
• ChEMBL
• PubChemDetermination of: 

• Physicochemical properties
• Commercial availability
• Biological activity 
• Molecular complexity
• Synthetic feasibility

LANaPDB
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Natural product classifier

• In all 3 cases, the terpenoid compounds had 
the highest abundance.

Kim-H,W. et al. NPClassifier: A deep neural network-based structural classification tool for natural products. 
J. Nat. Prod. 2021, 84, 2795–2807.

Pathway Nature of the biosynthetic pathway.

Superclass Chemical properties or chemotaxonomic information.

Class Structural details
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COCONUT
One of the largest open-access
natural product databases with more 
than 411,000 compounds.

FDA-approved small-molecule drugs
Version 5.1.10 (released by DrugBank 
in January 2023)

• LANaPDB and COCONUT show a 
similar distribution in their 
physicochemical properties.

• In general, overlap the areas 
where the greatest number of 
compounds in LANaPDB and 
approved drugs are concentrated.
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Principal component analysis t-Distributed Stochastic Neighbor Embedding

COCONUT (PCA and t-SNE) Totally overlaps with approved drugs and LANaPDB.

Approved drugs (PCA) Almost totally overlap with LANaPDB.

Approved drugs (t-SNE) Are more dispersed, but with a high degree of overlapping to LANaPDB. 
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 LANaPDB totally overlaps with 
COCONUT.

 The approved drugs are more 
dispersed with a lower degree of 
overlapping with LANaPDB. 
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Ertl, P. et al. Estimation of Synthetic Accessibility Score of Drug-like Molecules Based on Molecular Complexity and Fragment Contributions. J. Cheminform. 2009, 1 (1), 8.

Krzyzanowski, A. et al. Spacial Score─A Comprehensive Topological Indicator for Small-Molecule Complexity. J. Med. Chem. 2023, 66 (18), 12739–12750.
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 Obtained from PubChem.

 70.5% of the LANaPDB compounds are comercial available.

 The information regard the available vendors for the 
individual compounds can be consulted in the PubChem
website with the PubChem IDs already available for the
LANaPDB compound.

 ChEMBL and PubChem are two of the 
biggest publicly available chemical compound 
databases.

 Was made the addition of the ChEMBL and
 PubChem  IDs to the LANaPDB compounds.

 71.71% of the LANaPDB compounds have a 
PubChem ID.

 23.69% of the LANaPDB compounds have a 
ChEMBL ID.
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Ertl, P. Magic Rings: Navigation in the Ring Chemical Space Guided by the Bioactive Rings. J. Chem. Inf. Model. 2022, 62 
(9), 2164–2170.

 Bioactivity data consulted in a paper 
which gathers these information from 
ChEMBL.

 31.51% of the LANaPDB compounds
have bioactive scaffolds.

Whole molecules

Scaffolds

  Bioactivity data obtained with the ChEMBL 
API from  the InChIKey strings.

 0.29% of the LANaPDB compounds have 
reported biological activity in the ChEMBL 
database.

Most common bioactive scaffolds in LANaPDB
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https://coconut.naturalproducts.net/search?type=tags&q=Latin+America+dataset&tagType=dataSource
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SUPPORTING 
SLIDES
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Training dataset
1 million PubChem molecules

FragmentScore
• The contribution of each fragment.
• The most common fragments in PubChem have a higher contribution, which is positive.
• Less common fragments in PubChem have a negative contribution.

ComplexityPenalty
• It characterizes the presence of complex structural features.
• Take into account: 

1. Complexity of the ring system.
2. Number of stereogenic centers.
3. Presence of macrocycles (ring of 12 or more atoms) and size.
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a=Number of heavy atoms.

h=Atom hybridization
 h=3 sp3

 h=2 sp2 
 h=1 sp
 h=4 other hybridization

s=Stereogenicity
 s=2 Atoms involved in E or Z isomers
 s=1 Any other case

r=Ring term
r=2 Atoms of a non-aromatic ring. 
r=1 Atoms of an aromatic ring or linear structure.

 
n=Number of heavy atom neighbors

The branching of the molecular skeleton is accounted
for by squaring the n term.
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