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NATURAL
PRODUCTS Source

Substances produced by plants, microorganisms, and animals.
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NATURAL PRODUCTS IN THE PHARMACEUTICAL
INDUSTRY

Approved antineoplasic drugs

e Total: 70 \
*NPs: 40 (53.3%):

»Unaltered NPs.

1946_1980 » NPs that have undergone a semi-synthetic modification /
e Total: 185 \

e NPs: 120 (64.9%):

»Unaltered NPs.
1981_2019 »Synthetic compounds, whose core is inspired by NPs. /

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 e
natural products. 2020. 83, 770-803.



COMPUTER-AIDED DRUG DESIGN

Between 1981 and 2019, more than 70 drugs were approved, whose development process involved
some computational method.
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Oseltamivir

(Antiviral)
Receptor structure-based

Losartan

(Antihypertensive)
Receptor structure-based

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.




DATABASES

Organized collection of information in any field of knowledge.

Utility
Organize information
Retrive required information

Masic, |. et al. Review of most important biomedical databases for searching of biomedical scientific literature. Ultrasound in ,@
obstetrics and gynecology. 2012. 6, 343-361



Database Content Database examples
category
Chemical Chemical and crystal structures spectra ChemSpider
information Reactions and syntheses ChEBI
Thermophysical data Chemical Universe Database GDB
Inhibitor constant (K;) Iéileclj\zlgﬁl
Bioactivit Dissociation constant (K;) BindineDB
y Half maximal inhibitory concentration (ICs) &
: X . ChemBank
Half maximal effective concentration (ECs) PDBbind
Detailed drug data
Drug Comprehensive drug target information DrugBank
Universal Natural Product
Natural Database
product Structures MeFSAT
Natural Product Atlas
Chemical Available compounds offered by chemical ZINC
availability vendors NCI
Structures FDB-17
Fragments Physicochemical information Fragment Store
Binding site preferences PADFrag

Yang, J. et al. Freely accessible chemical database resources of compounds for in silico drug discovery. Current medicinal

chemistry. 2019. 26, 7581-7597.

DAIABASES IN THE CHEIVIISTRY
AREA

ChemSpider

The free chemical database

ZINC

DATABASE

Pub@hem

C ChEMBL

@ ORUGBANK

©



REPRESENTATIVE NATURAL PRODUCT
DATABASES

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

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



COMIMERCIAL NATURAL PRODUCIS

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

The original list is made up of 25 commercial databases

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

DATABASES

[Applications ]

Prediction of
bioactive
molecules

Pseudo natural products

3 @ O
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Subset selection




INATURNAL PFRUDUULC T O

DATABASES

2000-2019

123
published

98
accesible

92 open
access

Only 50 contain structures that can be
recovered for chemoinformatics
analysis.

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



NAITURAL FRUDULIS
DATABASES

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. @



PRACTICAL APPLICATIONS OF THE LATIN AMERICAN NP
DATABASES

Database Country | Disease or symptom Causal agent Number of Year of
compounds | publication
identified
NuBBE; Brazil Chagas disease {/rlypanosoma cruzi 10 2019
Tuberculosis cobacterium 13 2021
tuberculosis
SistematX Brazil Chagas disease Trypanosoma cruzi 13 2018
Leishmaniasis Leishmania donovani 13 2021
Schistosomiasis Schistosoma mansoni 5 2022
Coronavirus disease 2019 SARS-CoV-2 19 2020
Alzheimer’s disease - 2 2021
UNIIQUIM Mexico [Pain 6 2017
BIOFACQUIM | Mexico | Obesity 8 2020
Diabetes
Hyperlipoproteinemia
Cancer
Human immunodeficiency virus infection
Hepatitis B and C.
Age-related diseases 3 2021

Gomez-G, A. and Medina-F, J.L. Progress and impact of Latin American natural product databases.

Biomolecules 2022 12:1202 @
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OBJECT]
VE

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

STRATEGY

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

=)



b

UNIIQUIM

PERUNPDB

Peruvian Natural Products Database

# NPDBEJECOL

LATIN AMERICAN NATU

RAL PRODUCTS DATABASES

_IFNbLsKN d P ber of|Country Accessibility Source Year of publication
compounds
NuBBEp; 2223 Brazil Open-access Plants 2013, 2017
Microorganisms
Terrestrial animals
Marine animals
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 Plants Not published yet
request Microorganisms
LAIPNUDELSAV |214 El Salvador | Access under There is no associated
request scientific publication
CIFPMA 454 Panama Access under Plants 2017
request
PeruNPDB 280 Peru Open-access Plants 2023
Animales
UNIIQUIM ~1112 Mexico Open-access Plants There is no associated
scientific publication
BIOFACQUIM 553 Mexico Open-access Plants 2019, 2020
Fungi
Prof?olis

Marine animals

ST

Universidad Tecnoldgica
de Pereira

A% USAL

v UNIVERSIDAD
DEL SALVADOR
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LANAPDB 2°

* Total number of compounds: 13,578

e Total number of Latin American databases in LANaPDB: 10

e Total number of Latin American countries: 7

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




DATABASE
CURATION

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.




CHEMOINFORMATICS
ANALYSIS

* Structural classification
* Chemical space visualization

LANaPDB

Cross-reference to:

 ChEMBL

Determination of: e PubChem

Physicochemical properties
Commercial availability
Biological activity
Molecular complexity
Synthetic feasibility




STRUCTURAL

Pathway SuperClass Class

B Others
® Diterpenoids
B Sesquiterpenoids
= Flavonoids
Kaurane and Phyllocladane diterpenoids
® Colensane and Clerodane diterpenoids

B Diterpenoids
B Sesquiterpenoids
® QOthers
= Flavonoids
Triterpenoids
= Tyrosine alkaloids 5.16%
= Tryptophan alkaloids

= Terpenoids
= Shikimates and Phenylpropanoids
= Alkaloids
= Polyketides
Fatty acids

® Germacrane sesquiterpenoids

3.61% . ® Amino acids and Peptides 3.94%
o I Monoterpenoids : 9 Triterpenoids
2.17% = Carbohydrates ; 3.18% [ i
0.56% Lignans '3 - Tyrosine alkaloids
; 7% J
0.127% 2.64% J
el 2.17%

* Inall 3 cases, the terpenoid compounds had

Pathway Nature of the biosynthetic pathway. the highest abundance

Superclass  Chemical properties or chemotaxonomic information.

Class Structural details

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

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.

©



VISUALIZATION
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MOLECULAR COMPLEXITY AND SYNTHETIC
FEASIBILITY

A Molecular complexity B Synthetic feasibility
0.06 - [ 1 LANaPDB 0.40 - [\ [ 1 LANaPDB
= /\ \ COCONUT - / COCONUT
+ 0.05 1 I \ 1 Approved drugs + 0.351 / \ 1 Approved drugs
n n
- = 0.30
Q i
8 0.04 8 05,
>, >
= 0.03 = 0.201
e e
3 0.02- o 02
o O 0.101 |
Q- 0.011 P
0.00 -—== . . . . . . o.oo/.. e —
0O 10 20 30 40 50 60 70 0O 1 2 3 4 5 6 7 8 9 10
Normalized Spacial Score Synthetic accesibility score

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

O

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.



CROSS-REFERENCE
TO ChEMBL AND
PubChem

» 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.

COMMERCIAL
AVAILABILITY

» 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.

O



Whole molecules

= Bioactivity data obtained with the ChREMBL
APl from the InChlKey strings.

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

Scaffolds

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

= 31.51% of the LANaPDB compounds
have bioactive scaffolds.

DIUALU |

TY Most common bioactive scaffolds in LANaPDB
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Abstract: The number of databases of natural products (NPs) has increased substantially. Latin
America is extraordinarily rich in biodiversity, enabling the identification of novel NPs, which has
encouraged both the development of databases and the implementation of those that are being
created or are under development. In a collective effort from several Latin A merican countries, herein
we introduce the first version of the Latin American Natural Products Database (LANaPDB), a public
compound collection that gathers the chemical information of NPs contained in diverse databases
from this geographical region. The current version of LANaPDB unifies the information from six
countries and contains 12,959 chemical structures. The structural classification showed that the most
abundant compounds are the werpenoids (63.2%), phenylpropanocids (18%) and alkaloids (11.8%).
From the analysis of the distribution of properties of pharmaceutical interest, it was observed that
many LANaPDB compounds satisfy some drug-like rules of thumb for physicochemical properties.
The concept of the chemical multiverse was employed to generate multiple chemical spaces from
two different ingerprints and two dimensionality ieduction techniques. Comparing LANaPDB with
FDA-approved drugs and the major open-acaess repository of NPs, COCONUT, it was concluded
that the chemical space covered by LANaPDE completely overlaps with COCONUT and, in some
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Abstract

l O comment

Matural preduct (NP) databases are crucial tools in computer-aided drug design (CADD). Over the last decade,
there has been a worldwide effort to assemble information regarding natural preducts (NPs) isclated and
characterized in certain geographical regions. In 2023, it was published LANaPDB, to our knowledge, it is the first
attempt to gather and standardize all the NP databases of Latin America. Herein, we present and analyze in detail
the contents of an updated version of LANaPDE, which includes 619 newly added compounds from Ceolombia,
Costa Rica, and Mexico. The present version of LANaPDB has a total of 13,578 compounds, coming from ten
databases of seven Latin American countries. A chemoinformatic characterization of LANAPDB was carried out,
which includes the structural classification of the compounds, calculation of six physicochemical properties of
pharmaceutical interest, visualization of the chemical space, determination of the structural diversity, molecular
complexity, synthetic feasibility, commercial availability, predicted and reported biological activity. In addition, the
LANaPDE compounds were cross-referenced to two of the largest public chemical compound databases
annotated with biological activity: ChEMBL and PubChem. The Latin American natural product collection LANaPDB
is publicly available and can be downloaded at https://github.com/alexgoga21/LANaPDB-version-2/tree/main.
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Abstract

Compound databases of natural products play a crucial role in drug discovery
and development projects and have implications in other areas, such as food
chemical research, ecology and metabolomics. Recently, we put together the
first version of the Latin American Natural Product database (LANaPDRB) as a
collective effort of researchers from six countries to ensemble a public and
representative library of natural products in a geographical region with a
large biodiversity. The present work aims to conduct a comparative and ex-
tensive profiling of the natural product-likeness of an updated version of LA-
NaPDB and the individual ten compound databases that form part of LA-
NaPDB. The natural product-likeness profile of the Latin American
compound databases is contrasted with the profile of other major natural
product databases in the public domain and a set of small-molecule drugs ap-
proved for clinical use. As part of the extensive characterization, we employed
several chemoinformatics metrics of natural product likeness. The results of
this study will capture the attention of the global community engaged in nat-
ural product databases, not only in Latin America but across the world.

KEYWORDS
chemical space, chemoinformatics, databases, LANaPDB, natural products

COCONUT, Collection of Open Natural Products; FDA, Food and Drug Administration; HTS, high throughput screening; KDE, kernel density
estimate; LANaPDB, Latin American Natural Product Database; ML, machine learning; NP, natural product; NPs, natural products; N3PL, neural

networks natural product-likeness; NPLC, natural product-likeness calculator; SM, synthetic molecule; SMs, synthetic molecules.
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Abstract: Natural products (NPs) are a rich source of structurally novel molecules, and the chemical
space they encompass is far from being fully explored. Ower history, NPs have represented a
significant source of bioactive molecules and have served as a source of inspiration for developing
many drugs on the market. On the other hand, computer-aided drug design (CADD) has contributed
to drug discovery research, mitigating costs and time. In this sense, compound databases represent
a fundamental element of CADD. This work reviews the progress toward developing compound
databases of natural origin, and it surveys computational methods, emphasizing chemeinformatic
approaches to profike natural product databases. Furthermone, it ieviews the present state of the art in
developing Latin American NP databases and their practical applications to the drug discovery amnea,

Keywords: chemoinformatics; compound databases; chemical space; diversity; drug discovery; open
science; pseudo-natural product

1. Introduction

MNatural products (NFs) are a major source of bicactive molecules, and their impor-
tance is invaluable [1]. Between 1981 and 2014, over 50% of newly developed drugs
were developed from NPs [2]. Over nearly four decades, they have been a significant
resource of bioactive compounds for medicinal chemistry [3]. There are several sources for
bioactive molecules, which include marine [4,5], fungal [6,7], bacteria [8], and plants [9].
Endogenous substances produced by humans and animals are another vital source of
biactive compounds [10]. Venoms and poisons produced by different animals are other
rich sources [11].

Currently, there is an effort to find bicactive compounds from NPs as starting points
for the further development of drug candidates for infectious diseases: antibacterial [12],
antiprotozoal [13], antifungal [14], and antiviral [15]. Additionally, NPs are currently
employed in medicinal chemistry to develop new chemotherapies, for example, neurode-
generative [16], cancer [17], immune-related [18], liver [19], and kidney [20] diseases, to
mention a few examples. Moreover, during the current pandemic outbreak, NPs have been
a rich source for discovering potential lead compounds against severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) [21,22]

Figure 1 shows the chemical structures of representative NPs approved for clinical use,
The figure shows the pharmacological effect and the source of the compound. With the
exception of captopril, all compounds were approved for clinical use without modifying the
original chemical structure of the compound found in the extraction source. Captopril was
developed based on the bradykinin potentiating factor in Bothrops jararaca snake venom. In
1981, it was the first animal toxin-based drug approved for human use. [23,24]. Digoxin is
obtained from the plants of the genus Digitalis [25].
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Training dataset
1 million PubChem molecules

SAscore = fragmentScore — complexityPenalty

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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NORMALIZED SPACIAL

a=Number of heavy atog.cO R E

h=Atom hybridization
h=3 sp3
h=2 sp?
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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