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Cheminformatics Lab

Conducts studies in:

Computer-assisted drug design:  QSAR, Structure-Base Virtual Screening and Ligand-based VS

Environmental Chemoinformatics

Natural Products Databases:                                https://sistematx.ufpb.br

https://sistematx.ufpb.br/


Natural products (NP) and their secondary metabolites are promising

starting points for the development of prototypes and new drugs, being a

large part of the new treatments against countless diseases, directly or

indirectly related to them.

0%

20%

40%

60%

80%

100%

1981-2002 1981-2006 1981-2010 1981-2014 1981-2019

61 63 64 65
75

39 37 36 35
25

Natural products Synthetic

Natural Products as Sources of New Drugs over the Nearly Four Decades from 01/1981 to 09/2019. David J. Newman and Gordon M. Cragg

1981-2002 1981-2006

1981-2010 1981-2014 1981-2019

Newman, David J.; Cragg, Gordon M.; Snader, Kenneth M. J. Nat. Prod., 75, 1022-1037 (2003).
Newman, David J.; Cragg, Gordon M. J. Nat. Prod., 70, 461-477 (2007).
Newman, David J.; Cragg, Gordon M. J. Nat. Prod., 75, 311-335 (2012).
Newman, David J.; Cragg, Gordon M. J. Nat. Prod., 79, 629-661 (2016).

5



Natural Products

The re-emergence of natural products for drug discovery in the genomics era
Alan L. Harvey, RuAngelie Edrada-Ebel, Ronald J. Quinn

Nature Reviews Drug Discovery 14, 111–129 (2015)
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The increase in the number of new structures and

studies related to biological activity reinforced the

development of databases allowing significant

support for drug discovery

The classification and organization of information is

essential

The databases have provided a collection

systematic information on natural products and

their derivatives

Natural Products Databases
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Computational approaches have played an increasingly prominent

role in natural product (NP)-based drug discovery.

For example, the development and use of NP databases allow

access to numerous chemical, biological, pharmacological,

toxicological, and structural NP data.

Sorokina and Steinbeck recently reviewed currently available NP

databases, citing more than 120 examples, and noted that access to

information was limited, and only a few of the databases were

sustainably managed and continually developed.

Sorokina, M.; Steinbeck, C. Review on natural products databases: where to find data in 2020. J. Cheminf. 2020, 12, 20.

Natural Products Databases
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• JAVA

• MySQL database
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Web tools/applications

• Don’t need to install 

• Don’t need a powerful computer (use a server)

• You can use in different devices

• Browser 

• Internet (sometimes you don’t have it)
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HTML
CSS
Java
JavaScript
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APIs

Application Programming Interface (API)

Several Application Programming Interface (APIs) are used in the

SistematX implementation.

API is code that allows two software programs to communicate

with each other.
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APIs



SistematX web

register software:  Nº: BR 51 2015 000073 0 e BR51 2016 000371 5

INPI - Instituto Nacional da Propriedade Industrial. (National Institute of Industrial Property.)
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• TIPdb
Lin, Y. C.; Wang, C. C.; Chen, I. S.; Jheng, J. L.; Li, J. H.; Tung, C. W., TIPdb: a  database  of  anticancer,  
antiplatelet,  and  antituberculosis phytochemicals  from indigenous plants in Taiwan.
ScientificWorldJournal 2013, 2013, 736386. 

cwtung.kmu.edu.tw/tipdb/

• TCM database@Taiwan , 
Chen,  C.  Y.,  TCM  Database@Taiwan:  the  world's  largest  traditional  Chinese 
medicine database for drug screening in silico. PLoS One 2011, 6(1), e15939. 
http://tcm.cmu.edu.tw/

• KNApSAcK-3D 
Nakamura,  K.;  Shimura,  N.;  Otabe,  Y.;  Hirai-Morita,  A.;  Nakamura,  Y.;  Ono, 
N.;  Ul-Amin,  M.  A.;  Kanaya,  S.,  KNApSAcK-3D:  a  three-dimensional  structure 
database of plant metabolites. Plant Cell Physiol. 2013, 54(2), e4.
knapsack3d.sakura.ne.jp

• 3DMET
Maeda,  M.  H.;  Kondo,  K.,  Three-dimensional  structure database of natural 
metabolites (3DMET): a novel database of curated 3Dstructures. J. Chem. Inf. Model
2013
www.3dmet.dna.affrc.go.jp/

Some Natural Products Databases
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• UNPD 
Jiangyong Gu, Yuanshen Gui, Lirong Chen, Gu Yuan, Hui-Zhe Lu, Xiaojie Xu. Use of Natural Products as 
Chemical Library for Drug Discovery and Network Pharmacology.
PLoS ONE. 2013, 8(4): e62839. doi:10.1371/journal.pone.0062839.

• NuBBE database
Valli, M.; dos Santos, R. N.; Figueira, L. D.;  Nakajima, C. H.; Castro-Gamboa, 
I.;  Andricopulo,  A.  D.;  Bolzani,  V.  S.,  Development of a  natural  products database
from the biodiversity of Brazil. J. Nat. Prod. 2013, 76(3), 439-44.
nubbe.iq.unesp.br/portal/nubbedb.html

http://www.3dmet.dna.affrc.go.jp/


SistematX 3DMET NuBBEDB TCM 

Database

@Taiwan

TIPdb UNPD

Query by structure YES YES* YES YES* NO NO

Name YES YES YES YES YES YES

SMILES YES YES YES YES NO YES

CASRN YES YES NO NO NO YES

InChI YES YES NO NO NO YES

InChIKey YES NO NO NO NO YES

Molecular Formule YES YES YES YES NO YES

Class YES NO YES NO YES NO

Chemical information YES YES YES YES YES YES

Biological Activity YES NO YES YES YES NO

Botanical occurrence YES NO YES YES YES YES

Part of plant YES NO NO NO YES NO

Citação bibliográfica YES NO YES NO NO NO
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Comparison among the queries

2 years
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SistematX database
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SistematX interface

After the user enters the website,

the “Structure search” option is

seen with the MarvinJS API

(Application Programming

Interface) at the top of the screen.

Other search options can be

exhibited in the interface.

The initial screen of the system

also shows the SMILES (Simplified

Molecular-Input Line-Entry

System) code (B), compound

name (C) and plant species search

modes (D).
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SistematX database

When performing a search, the mechanism
generates a results page (six results) using
common names; if the compound does not
have one, it shows the IUPAC name.

The user can set the number of structure results
per page. When a result is selected, the user
has access to the data for that compound.

19



SistematX database
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Integrated development environment (IDE)
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SistematX database
On the SistematX homepage, the user can also log into the data management area using login name and 
password and from there access the administration pages to edit or register new molecules. 
Once the corresponding information has been accepted, the data management interface appears.
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SistematX database

SistematX currently has 9,514 unique secondary metabolites

arising from 20,934 botanical occurrences across 5 families:

Botanical family Secondary metabolites Ocurrences
Asteraceae 2,574 7,879

Apocynaceae 372 620
Annonaceae 1,898 5,335
Lamiaceae 4,097 6,357
Solanaceae 573 743

23



SistematX database
Since 2018, SistematX has reported 5251 users and more than 9200 sessions (47.4% located outside

Brazil)
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Published articles

Chagas Diseases, Leishmaniasis, COVID-19, Alzheimer
25



SistematX 

Described the challenges of metabolomics methods in a summary

of more than 95 metabolomics tools, software programs, and

databases, highlighting SistematX for its use of the Google Maps

application program interface (API) as a locational system.

Chibli et al. profiled over 2000 metabolites from the Asteraceae

family while screening for inhibitors of Leishmania major

dihydroorotate dehydrogenase

Mishra and Mohapatra noted that SistematX was an easy tool for 

metabolomic studies.

The authors criticized the inability to perform bulk downloads in the SistematX
environment, which limited their ability to assess its completeness and cross-
reference it with other data.
They suggested that the development of a tool to download publicly available
digital data would be beneficial to the field.
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2021: an update
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What’s the new?
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Compound properties
Summary of Application Programming Interface Calculated Physicochemical (Drug-Like and 
Lead-Like) Properties Recently Implemented in SistematX
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Compound properties

SistematX implemented new
features to meet the demands of
the scientific community, users,
and our partners.

Physicochemical (druglike and
lead-like) properties, specifically
logP, pKa, pKb, pH 7.4 solubility,
intrinsic solubility, TPSA, and
hydrophilic− lipophilic balance, are
now calculated for compounds in
the database
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Properties filters
The results page for the molecules of interest now contains new search

filters, which are accessible through a new user-responsive button that

displays a modal pop-up window
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Generation and visualization of 
1H and 13C NMR data

SistematX now includes NMR spectra, coupling constants, and chemical shifts, which are
relevant to phytochemical studies.

Utilizing the ChemAxon API, predictions are calculated when a new compound is
registered in the system.
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PASS filter
Biological activity profiles of registered
structures are estimated using PASS
software, which uses NP structural
formulas to predict 4686 pharmacological
effects and mechanisms of action.

SistematX reports prediction results with a
probability of activity cutoff >0.5, resulting
in a total of 1571 predicted
pharmacological effects and mechanisms of
action.

Saldívar-González, F. I.; Aldas-Bulos, V. D.; Medina-Franco, J. L.; Plisson, F., 

Natural product drug discovery in the artificial intelligence era. Chemical 

Science 2022, 13 (6), 1526-1546.

Lagunin A, Stepanchikova A, Filimonov D, Poroikov V. PASS: prediction of activity spectra for 
biologically active substances. Bioinformatics. 2000 Aug;16(8):747-8. doi: 
10.1093/bioinformatics/16.8.747. PMID: 11099264.

Filimonov D.A., Lagunin A.A., Gloriozova T.A., Rudik A.V., Druzhilovskii D.S., Pogodin P.V., 
Poroikov V.V. (2014). Prediction of the biological activity spectra of organic compounds using
the PASS online web resource. Chemistry of Heterocyclic Compounds, 50 (3), 444-457.33



Batch download
The new batch download feature was developed using Java programming language.
Downloading the search results creates a *.CSV file containing all botanical occurrences.
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http://www.asterbiochem.org/asterdb

Fernando B. Da Costa

Laboratory of Pharmacognosy
School of Pharmaceutical Sciences of Ribeirão Preto
University of São Paulo

Lorena Mara Alexandre e Silva

Guilherme Juliao Zocolo

New partnership

Asteraceae database

2011

https://www.embrapa.br/equipe/-/empregado/362940/lorena-mara-alexandre-e-silva
https://www.embrapa.br/equipe/-/empregado/362694/guilherme-juliao-zocolo
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Combine data

Biological activities
Structures Structures

Biological activities
NMR data
Geographic location
Botanical data

Virtual Screening

Machine Learning

SistematX web
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Structures with IC50

values against 

L.major

JChem 

3D structures

360 Kauranes

Molecular docking

Volsurf+

Molecular 

descriptors

RF 

classification 

model

Structure-based 

VS

Ligand-based 

VS

L. major PTR1

[SB]

[LB]

Combined-approach 

[CA]

In vitro enzymatic 

activity inhibition 

against LmPTR1

Leishmania major

pteridine

reductase I
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298 structures

Inactives (46.9%)

338 structures

Actives (53.1%)

Cutoff 

value 

pIC50 ≥ 5.0* 

*4.9 < pIC50 < 5.0  (21 structures were removed)

128 Molecular descriptors

Volsurf+657 Structures with 

IC50 values against 

L.major

39



Only 7 of the 360 structures were classified as active 

(ligand-based probability value [LB] ≥ 0.5)

Wedelia chinensis

Wedelia trilobata

Asteraceae

Asia

Central 

America

Ligand-based virtual screening
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Kaurane SB LB CALm

135 0.93 0.57 0.70

101 1.00 0.51 0.69

302 0.94 0.54 0.68

134 0.90 0.55 0.68

298 0.93 0.53 0.68

Ligularia fischeri

(Asteraceae) 

72.7 %Specificity (TN)

Five kauranes from various Asteraceae species were identified as having

promising antileishmanial activity against LmPTR1 from a dataset of 360

kauranes
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HERRERA-ACEVEDO, C., MAIA, M. D. S., CAVALCANTI, É. B. V. S., COY-BARRERA, E., SCOTTI, L., & SCOTTI, M. T. Molecular Diversity, 1-17, 2020



Machine learning cutoff value

pIC50 ≥ 5.0    

IC50 ≤  1 x 10 -5 M (10 M)

In vitro enzymatic activity inhibition against LmPTR1
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https://naturalproducts.net/

Natural Products Online is an open-source project for 
Natural Products (NPs) storage, search and analysis.

This is a portal for the open-source open-data repository for natural products.
The web resources are developed and maintained by the Prof. Dr. Steinbeck group.
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Thanks
mtscotti@gmail.com
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