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ABSTRACT

This study is intended to be a brief synthesis of the free accessible databases that are
useful for implementing computational studies involving phytochemical constituents of
general interest. For every database, the types of data it contains and the search
capabilities it offers are described. Furthermore, the way of using every database and
the provided information are illustrated when searching for the Artemisia vulgaris (or
for other plant belonging to Artemisia sp. when there are dot data for A. vulgaris) and/or
for one of its identified compounds. The study also emphasizes that phytochemical
databases are rich source of data for implementing computational studies involving
plant constituents.

KEY WORDS: databases, phytochemical constituents, computational study, medicinal
plant, Artemisia vulgaris

1. INTRODUCTION

Databases are digital libraries that contain scientific information collected from
the literature that disseminates the results of scientific experiments and computer
analyses (Xiong, 2006). Biological data that are synthesized in biological databases can
appear in various forms: genetic sequences, protein sequences, protein structures, protein
functions, plant constituents, properties of chemical compounds with biological activity,
medical findings, toxicological data, ecotoxicological data, etc. Each database has its
own focus, containing specific types of biological data or broader collections of related
information, allowing researchers to explore and analyze the data in multiple contexts.
This emphasizes that biological databases help many scientists, educators, students, and
other types of biological data stakeholders to deal with well-organized biological
information that is continuously updated and usually freely and easily accessible.

The databases used in computational biology include information from a variety
of research fields: genomic databases, protein databases, transcriptomics databases,
metabolomics databases, pathway and interaction databases. There also are more
specialized databases such as: Cancer Genome Atlas (TCGA) providing genomic data
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related to cancer, ClinVar exposing clinically relevant variants in the human genome,
database of Short Genetic Variants (dbSNP) also exposing genetic variation due to single
nucleotide polymorphisms, information regarding the biologically active components of
plants from different geographical areas and their biological activity. These databases
are important tools for researchers and educators because they provide them with the
opportunity to access a wide variety of biologically relevant data, which contributes to
the understanding and explanation of many biological phenomena, from the structure
and interactions of biomolecules to the evolution of species, respectively allow the
development of scientific knowledge through the use and analysis of existing
information (Kaisar et al., 2022). Regarding the use of existing databases in
computational biology studies, the current information allows predictions about the
biological, toxicological and ecotoxicological effects of various classes of chemicals, the
development of new drugs, the design of chemicals with predetermined properties, etc.

There are numerous databases containing information regarding the plant
compounds. In 2020, there were over 120 distinct databases and collections of natural
products, 50 of them being open access (Sorokina & Steinbeck, 2020).

Artemisia vulgaris, known as common mugwort, is a plant used in food
preparation and the food industry, in traditional medicine and pharmacy, having many
beneficial effects. These uses are due to the biologically active components it contains
(Ekiert et al., 2020).

The aim of this study is to present up-to-date and free accessible databases
containing information on numerous biologically active plant compounds of general
interest and to illustrate their use to obtain information on the constituents of Artemisia
vulgaris (or of other Artemisia sp.) and their biological/medical applications. Some
databases contain information regarding phytochemicals that are used in therapies of
specific diseases (cancer, malaria) or for computational toxicology studies, but they are
not considered in the present review.

The plant of interest in this study was Artemisia dracunculus, the plant used in
the pharmaceutical industry and traditional medicine. With the help of the databases used
for plant research, we identified the main chemical compounds that Artemisia
dracunculus contains and obtained information about their biological and medicinal use.
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2. DATABASES CONTAINING INFORMATION ON BIOLOGICALLY
ACTIVE PLANT COMPONENTS OF GENERAL INTEREST AND THEIR
POSSIBLE THERAPEUTIC EFFECTS

2.1. Indian Medicinal Plants, Phytochemistry and Therapeutics database
(IMPPAT)

The Indian Medicinal Plants, Phytochemistry and Therapeutics free accessible
database version 2 (IMPPAT2.0, https://ch.imsc.res.infimppat/) contains information
about 4010 Indian medicinal plants containing 17967 phytochemicals with known 1095
therapeutic uses associated and on 1133 traditional Indian medicinal formulations at the
level of plant parts such as stem, root or leaves (Mohanraj et al., 2018; Vivek-Ananth et
al., 2023). For the 17967 phytochemicals, IMPPAT2.0 also contains the 2D and 3D
chemical structures and molecular properties and there is a subset of 1335 drug-like
phytochemicals filtered using several drug-likeness rules. Moreover, molecular
complexity and molecular scaffolding were constructed based on the structural diversity
of the phytochemical space of the compounds contained in this database. Comparison of
the phytochemicals contained inthe IMPPAT2.0 database with compounds contained in
other databases showed that the phytochemicals in IMPPAT2.0 have similar scaffold
diversity to many natural product libraries and are enriched with specific protein binders
(Vivek-Ananth et al., 2023).

The way to use the IMPPAT database involves entering in the search line the
name for the plant of interest, A. vulgaris in this case, and the search returns a list of the
phytochemicals contained in the plant of interest, the part of the plant in which it is
found, an identifier of each substance in the database and a link to the bibliographic
reference(s) from which the information was extracted (Figure 1). The search for A.
vulgaris illustrates the presence of numerous chemical components, with myrtenol and
ascaridole being among the components that are found in the aerial parts of the plant.
The database also provides information on the therapeutic effects of the plants, part of
the result obtained for A. vulgaris being reproduced in Figure 2. Thus, it is observed in
this figure that the plant A. vulgaris can be used for therapeutic purposes as an
anticoagulant, for the treatment of asthma, diseases of the nervous system and for the
treatment of spasms.

The database can also be searched for a chemical compound using either its
name or its identifier from IMPPAT2.0 (if known), in which case the search leads to the
identification of plants containing that chemical compound, as shown in Figure 3 for the
alpha-pinene. The search shows that the A. vulgaris plant contains the investigated
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compound, which is found in the aerial parts of the plant, respectively in the stem and
flowers.

HOME BROWSE BASICSEARCH ADVANCED SEARCH STATISTICS ACKNOWLEDGEMENT HELP

Phytochemical associations  Therapeutic use
Indian medicinal plant Artemisia vulgaris
IMPPAT Phytochemical identifier

Phytochemical name

Search

Show 10 v entries Search:

IMPPAT

Phylochemical 4  Phytochemical name
identifier

Artemisia aerial IMPHY000099 Myrtenol DOI10.100; 30100105, DOI10.1080/0972-060x.2003,10643327,
vulgari part DOI10.108 60x.2014.895181, DOI:10.1080/0972060x 2015,
DOI:10.1080 2905.2004.9698742
Artemisia aerial MPHY000171 Ascaridole DOI10.1002/f(}.2730100105
vulgaris part
FIG.1. lllustration of how to use the IMPPAT2.0 database to obtain information on the chemicals contained in

Artemisia vulgaris

HOME BROWSE BASIC SEARCH ADVANCED SEARCH STATISTICS ACKNOWLEDGEMENT HELP

Artemisia vulgarig

Indian medicinal plant

Therapeutic use
Search
Show| 10 v entries Search:
Indian medicinal Plant
§  Therapeutic use §  Therapeutic use identifiers $  References B
plant part
temisia vulg aerialpart | Antice MESH:DO00925, UML 3 ISBN:9770972795006
mi aerlal part A MESH 49, UML 6, DOID:2841 ISBN:9788172361266
ICD-11:CA23
temisia vulg: aerial part MESH 1927, UMLS:CD00¢ DOID:936 ISBN:9788172361266
temisia vulg aerialpart | Nervous system disease MESH:D009422, UMLS:C( 5, DOID:863, ISBN.9788172361266
1CO-11:8€72
termisia vulg aerial part ) MES} ML 63, ICD- 1SBN:9788172361266
11:MB47.3

FIG. 2. lllustration of how to use the IMPPAT2.0 database to obtain information on the therapeutic effects of Artemisia
vulgaris
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FIG. 3. lllustration of how to use the IMPPAT 2.0 database to obtain information on plants containing the chemical
compound alpha-pinene

Since its appearance in 2018, the IMPPAT database has been widely used in
various studies. A search for the keyword "IMPPAT" in the scientific literature database
ScienceDirect leads to a number of 82 articles (excluding the 2 articles describing the
database) with an increasing trend from year to year (Figure 4) and taking into account
the fact that the year 2024 is not over.

number of published papers that used IMPPAT
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FIG. 4. Number of publications since 2019 in ScienceDirect citing the IMPPAT database
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Of the 82 published articles, 59 are research articles, and of the latter 48 (81%) contain
computational studies using information from the IMPPAT database. This proves the
usefulness of this database for computational studies. There are also 7 citations of the
IMPPAT database regarding Artemisia sp.

2.2. Collective Molecular Activities of Useful Plants database (CMAUP)

Collective Molecular Activities of Useful Plants database (CMAUP,
https://bidd.group/CMAUP/) contains information regarding 7865 plants with
identifiable taxonomic information at the level of species and genus. The 7865 plants
include 2954 medicinal plants and 170 food plants collected on 79 countries/regions,
and there also are 758 human target proteins of these plants (Zeng et al., 2019; Hou et
al., 2024). Information contained in this database also includes several scales of
collective molecular activities of useful plants, and data obtained using bioinformatics
and/or cheminformatics tool regarding, for example, gene ontology, bioavailability,
absorption, distribution, metabolism, excretion and toxicity (ADMET) properties
obtained using computational tools.

There are several ways to search for information in this database: by keywords
(plant name, plant use classes, etc.), by chemical components to identify the plants that
contain them, by the target protein investigated, by the disease to be treated, according
to the genetic ontology, respectively according to the geographical location (Figure 5).
The CMAUP database does not contain information on A. vulgaris, but searching for the
keyword "Artemisia" yields information on molecular targets, genomic ontology, and
associated diseases in addition to genus, family, and plant category (Figure 6). The
information contained in this database reveals that plants of Artemisia sp. belong
especially to the category of medicinal plants providing compounds with medicinal
action. This underlines the importance of the information as it allows relevant
computational studies for pharmaceutical applications of the components of these plants.

Since its appearance in 2019, the CMAUP database has accumulated a number
of 23 citations, of which 9 (35%) refer to computational studies. These citations were
obtained as follows: 2 in 2020, 3in 2021, 6 in 2022, 5in 2023 and 5 in the first 4 months
of 2024, the increasing trend of citations being noted in this case as well. Given the
recent enrichment of the content of the CMAUP database with detailed information at
the molecular level that correlates plant ingredients with their therapeutic effects, we
expect the number of citations to increase significantly in the next period.
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Search Plants by Keyword
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FIG. 5. lllustration of how to search for information in the CMAUP database

37



PUJICIC & ISVORAN: Databases for plants that are used in computational biology. Artemisia vulgaris case study

Home About Browse Help Download
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Isia Asteraceae

FIG6 The resultrobtained when searching for the keywbrd "Artemisia” in the CMAUP database
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2.3. Medicinal Plant Database of Bangladesh (MPDB)

Medicinal Plant Database of Bangladesh, version 2.0 (MPDB2.0
(https://lwww.medicinalplantbd.com/) contains information regarding more than 500
Bangladesh plants with medicinal use (plants of 122 family, 381 genus and 557 species).
MPDB2.0 has a user-friendly interface and renders information about plants belonging
to Asteraceae, Euphorbiaceae, Fabaceae, Lamiaceae, Poaceae and Solanaceae families
that have potent medicinal and/or nutritive properties: local, scientific and family names,
utilized parts of plants, active compounds, the diseases against which it is used, and a
link(s) to the article(s) contained in the PubMed database from which the information
presented is extracted. (Ashraf et al., 2014; Hussain et al., 2021).

The way to use the MPBD2.0 database involves searching for the plant of
interest by its scientific name, the local name, plant genus, name of a chemical
constituent, disease to be treated, plant parts used. How to use this database to obtain
information about A. vulgaris is highlighted in Figure 7.
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A D e
MPDB 2.0 Home Search Guide Team Publications
Artemisia vulgaris (]
Sclentific Family Local Utilized Reference
#  Name Name Name part Aliment Active Compound (PMID)
8  Aremisia Asteraceae  Nagdana  Leaf Conjunctivitis, Mental Weakness, Appelite Increaser, a-thujone, B-thujone, 1,8-cineole, Germacrene-d, Vulgarone-b, Bomeol, -
indica Strengthening of Liver, Stomach And Heart Functions,  caryophyliene, CaryophySiene oxide, Davanone, Artemisiaketone,
Willd Opening of Pores of Skin, Softening Skin, Menstrual Chrysanthenone, Cis-g-elemenone, p-pinene, -elemene, Cymene, Trans-
Disorders, Hysteria, Severe Infections, Skin Disorders,  caryophyfiene, Linalool, T-muurolol, B-myrcene, Limonene, Sabinene, Ar-
Disorders of the Stomach, Ear, Mouth, Throat, Spieen  curcumene, 8-cadinene, Artemisia ketone, Germacrene-b, Cis-
And Uterus Diarthea chrysanthenyl acetate, Ascaridole, Isoascaridole, Trans-p-mentha
87  Artemisia Asteraceae  Nag Leaves  Vomiting, Stomach Pain, Diarrhea Scopoletin, Costunolide, a-thujone, a-thujone (isomer), M-cresol, B
nilagirica Ouma santonin, Artemorin, P-cymene, Artecanin, Caryophyllene oxide.

Germacrene d, y-curcumene, Germacrene d{isomer), Umbelliferone,
Linalool, Myrcene, a-pinene

o]

l g ‘ 10 items per page v Showing 1 to 2 of 2 items

FIG.7. Information provided by the MPDB 2.0 database for A. vulgaris

Because the acronym MPDB is used in science to symbolize several names, it
is complicated to identify the number of studies that cite the database. However, the
information in the MPDB provides access to a collection of phytochemicals derived from
Bangladesh medicinal plants, indicating it as an essential tool for researchers working in
the field of new drug discovery, traditional medicine and phytochemistry. Thus, MPDB
supports computer-aided drug discovery techniques, molecular docking and virtual
screening, with the database's precise 3D structures enabling researchers to predict
potential therapeutic interactions with target proteins. MPDB makes a significant
contribution to the field of drug discovery based on the identification of the therapeutic
potential of plant chemicals.

2.4. Natural Product Activity & Species Sources database (NPASS)

Natural Product Activity & Species Sources database, version 2.0, (NPASS2.0,
http://bidd2.nus.edu.sg/NPASS/), contains 94413 unique natural products from 32287
organisms, 958866 activity records on 7753 targets including proteins (enzymes,
transporters, ion channels, membrane receptors) and nucleic acids (Zeng et al., 2018;
Zhao et al., 2023). For the compounds, NPASS2.0 database reveals the structures,
physicochemical properties, biological activities, similarity with clinical drugs, etc. The
way to use the NPASS2.0 database is seen in Figure 8. The name of the chemical
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compound is entered in the search bar. In this case, we searched for the chemical
compound ascaridole, identified using the IMPPAT database as being present in A.
vulgaris.

Browse Natural Product: Initial ‘A"

Show (6% entres Seorch: [
Newwsl Molecular # Source " ’
Product Natural Product Name Formuiar Mm% e

NPC168518 Ascaridole C10H1602 168.12 5 4 7

Showng 1101 01 enrie (ered from 1,605 ot entes) Provous | 1| Nex

ADMET: Absorption ADMET: Distribution
Caco-2 Blood-|
Permeability: -4.298 Brain-|
Barrier| 0.131
b ME.‘.CK_2548391637194436e» Penetration|
ermeability:| 05 (BBB):
P
Pgp-inhibitor; 0.001 Plraostr:ii
: . 180.00188446044922%
= Binding|
'IpP-| 5
substrate: 0.0 (PREB):
Homan Volume|
Intestinal Distribution| 1.556
Absorption| 0.006 (VF?):
(HIA): 9P-127 859792709350586%
20% substrate:
Bioavailabilit 0.006
(F20%): =
30%] ADMET: Metabolism
e 0.02 CYP1A2-inhibitor: | 0.107
- CYP1A2-substrate: | 0.87
ADMET: Toxicity CYP2C19-inhibitor: | 0.113
CYP2C19-substrate:
hERG Blockers: | 0.022 0.943
Human CYP2C9-inhibitor: | 0.074

Hepatotoxicity (Hy 0.256 CYP2C9-substrate: | 0.202

S d"l'_T): CYP2D6-inhibitor: | 0.06
rug-inuced LIVer - 414 CYP2D6-substrate: | 0.762
Injury (DILI):

CYP3A4-inhibitor: 0.44

AMES Toxicity: | 0.152
CYP3A4-substrate: | 0.609

Rat Oral Acute|

Toxicity: 0073
Maximum
Recommended Daily| 0.037 ADMET: Excretion
Dose:
Skin Sensitization: | 0.561 Clearance (CL): | 5.372

Carcinogencity: | 0.884 [ Half-life (T1/2): | 0.525 |

Eye Corrosion: | 0.098
Eye Irritation: | 0.955
Respiratory Toxicity: | 0.283

FIG. 8. lllustration of the results provided by NPASS2.0 database when searching for the chemical compound
ascaridole identified in the plant of interest Artemisia vulgaris
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By searching for the compound, we reach the page with the compound ID. Pressing the
button with the compound ID takes us to the database page that displays more
information about the chemical compound: IUPAC name, InCHI (International
Chemical Identifier) code, SMILES formula, structure of the compound, chemical
classification and physicochemical properties, fulfillment of several empirical rules
regarding medicinal chemistry, chemically structural similarity (data not shown), and
the ADME profile (Figure 8). Figure 8 shows that ascaridole reveals a good ADME
profile. Regarding the toxicity of ascaridole, it may produce eye irritation and skin
sensitization and there is a reasonable probability to be a carcinogenic compound.
Furthermore, NPASS database provides information regarding the biological activity of
ascaridole (Figure 9).

Show entries Search:[ ]
Target . Activity Activity .
Target Type Target Name Target Organism Type Relation Value Unit Reference
NPT4910 Organism Anhelenciioides dphelenchioides LC50 = 3650  UY9ML- pMip[s45e80)
besseyi besseyi 1
NPT450 Organism Meloidogyne Meloidogyne LC50 = 520  Y9ML- puip[s4s689]
incognita incognita 1
NPT4910 Organism Aphi‘encho‘des apbelcnchoides mortality < 50.0 % PMID[545689]
esseyi besseyi
NPT450 Organism Meloidogyne Meloidogyne mortality = 100.0 %  PMID[545689)]
incognita incognita
NPT580 Organism Trypanosoma cruzi Trypanosoma cruzi MLC = 23.0 uM PMID[545688]
NPT580 Organism Trypanosoma cruzi Trypanosoma cruzi Activity = 8.5 % PMID[545688]
NPT580 Organism Trypanosoma cruzi Trypanosoma cruzi Activity = 22.8 n.a. PMID[545688]
NON- NON-PROTEIN
NPT20529 MOLECULAR TARGET n.a. 1C80 > 500.0 uM PMID[545687]
NON- NON-PROTEIN
NPT20529 MOLECULAR TARGET n.a 1C50 > 500000.0 nM PMID[545687]
NON- NON-PROTEIN L -
NPT20529 MOLECULAR TARGET na Activity = 74.8 % PMID[545687]
Showing 1 to 10 of 10 entries Previous 1 Next

FIG. 9. lllustration of the information provided by NPASS2.0 database when searching for ascaridole and regarding its
biological activity

The relevance of the NPASS database in research is great, in recent years it has been
used in both experimental and computational studies. Currently, NPASS database
accumulated 83 citations, 29 of each belong to pharmacology, toxicology and
pharmaceutical science.
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2.5. Alkamid database

The Alkamid database (https://alkamid.ugent.be/) is a more specialized resource
containing information on plants containing N-alkylamides (NAAs), a group of
compounds with potential applications in pharmacology, immunology and plant biology
and which are present in over 25 plant families. This database provides
ethnopharmacological and biofunctional data for NAAs, their physicochemical
properties and plant origin. The database allows searching by NAA, by functionality, or
by item specifications (author, title, year). Starting from a plant, which can be specified
by family, genus or species, the Alkamid database provides the NAAs that occur in that
plant. For any NAA, the Alkamid database provides information on significant chemical
identifiers (common and IUPAC names, SMILES string, structural formula), most
important physicochemical properties, known functionalities (anti-inflammatory,
antimicrobial, antiprotozoal, insecticidal, cytotoxicity, etc.), and literature data (Boonen
etal., 2012).

When searching for the keyword ”Artemisia” in this database, the database
provides information only for NAAs that are found on Artemisia dracunculus. The
information regarding the properties, functionalities and literature for every NAA can be
accessed by accessing its ID (Figure 10).

Result type: species (3 results)

Current query: Artemisia

Molecular Family Genus Species
DO Structure Chemical Name Formula Name Tribe Name Name Name

FIG. 10. Information provided by alkamid database when searching for ”Artemisia”, i.e. n-alkylamides contained in
Artemisia dracunculus

Like the other databases, ALKAMID has been used in computational studies, of
the 9 citations of this database, 3 corresponding to its use in computational approaches.
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2.6. FooDB- Food database

FooDB (https://foodb.ca/ - accessed on 02.02.2024) is a comprehensive and
freely accessible resource that provides information on the chemical composition of
various foods and food ingredients. For every constituent of a food, information provided
is: nomenclature, structure, chemical class, molecular properties, physical properties,
food source(s), physiological effects, probable health effects, and its concentrations in
various foods. All this information is obtained from the scientific literature. The database
covers a wide range of food components, including amino acids, fatty acids, flavor
compounds, food additives, minerals, vitamins, phytochemicals.

The way to use the FooDB database involves searching by the name of the food,
the name of the chemical compound or the name of the investigated nutrient. Figure 11
shows the information provided by the FooDB database for a search by the name of the
plant of interest, A. vulgaris.

For a given chemical compound, it is possible to access multiple information:
names (common name and IUPAC, synonyms), chemical class, physical and chemical
properties, spectra, associated foods, biological effects and interactions, physiological
pathways, references and external links (data not shown), such as to understand its role
in different foods. The FoodB database has also been widely used in various studies.
Searching for the keyword "FooDB" in the ScienceDirect database leads to a number of
368 articles of which 102 (28%) containing computational studies that used information
from this database. Of these citations, 11 refer to studies performed on plants from
Artemisia sp. The number of citations has an increasing trend from year to year, with 24
citations only in the first 4 months of 2024 (Figure 12).

FaGED3 = - por “Tas
Showing Food Mugwort
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F@@DB Browse -  Search~ Downloads  Reports  Examples  About»  Contact Us . foods vl a
Compound Structure Content Range Average Reference
Water HZO 87300.000 - 87300.000 mg/100g  87300.000mg/100g  DUKE
Pee
(YS! 10000.000 - 10000.000 mg/100 g 10000.000 mgi100g  DUKE

Potassium K* 2200.000 - 3620.000 mg/100 g 2910.000 mg/100 g DUKE
cl

Chiorine | 945,000 - 945.000 mg/100 g 945,000 mg/100 g DUKE
cl

FIG. 11. The information provided by FooDB for a search for Artemisia vulgaris: short information about this plant (A)
and a print screen of a part of information regarding its chemical compounds (B)

number of publications

2019 2020 2021 2022 2023 2024

80
60
4

o

2

o

FIG. 12. Number of publications in the ScienceDirect database citing the FooDB database

These data illustrate that FooDB serves as a valuable tool for researchers, and it
is also useful for computational studies.
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2.7. Dr. Duke’s Phytochemical and Ethnobotanical Databases

Managed by the United States Department of Agriculture, this database provides
extensive information on the chemical constituents of plants, along with their
ethnobotanical uses (https://phytochem.nal.usda.gov/ - accessed on 18.05.2024). The
search in these databases is done according to the common or scientific name of the plant
of interest and the provided information refers to chemical constituents, biological
activity, and ethnobotanical use (Figure 13).

Filter by entity type Enter search terms

[@ Artemisia vulgaris (Asteraceae)

Country/Region
Filter| All ~ Reference

atabases

FI1G. 13. The way to use Dr. Duke’s Phytochemical and Ethnobotanica

Search results can be viewed online or downloaded in PDF or CSV formats. The
databases are of interest to pharmaceutical, nutritional, and biomedical research, as well
as alternative therapies and herbal products.

2.8. OTHER DATABASES THAT CAN BE USED IN COMPUTATIONAL
STUDIES

There are a large number of databases that contain information on the properties,
structures and possible toxicological effects of biologically active compounds that can
be found in plants, these databases being also utilizable in computational studies. Such
databases are: ChEMBL (https://www.ebi.ac.uk/chembl/, Zdrazil et al., 2024), Chemical
Entities of Biological Interest (ChEBI, https://www.ebi.ac.uk/chebi/, Hastings et al.,
2016), ChemSpider (https://www.chemspider.com/ - accessed in 16.04.2024), PubChem

(https://pubchem.ncbi.nlm.nih.gov, Kim et al, 2023), OpenFoodTox (https:
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Ilwww.efsa.europa.eu/en/discover/infographics/openfoodtox-chemical-hazards-
database - accessed on 16.04.2024), Traditional Chinese Medicine Database@Taiwan
(TCM, http://tcm.cmu.edu.tw/ - accessed on 19.05.2024). Here, we limit ourselves to
describing the PubChem database as it better suits the purpose of this study.

In the field of computational biology and chemistry, there are also needed
databases containing information on macromolecules that may represent molecular
targets of biologically active plant compounds. Within this study we only focus on
databases providing information about proteins, UniProt (The UniProt Consortium,
2023) and Protein Data Bank (Berman et al., 2000).

2.8.1. PubChem database

PubChem is one of the most comprehensive public databases synthesizing
information about chemical compounds, especially small molecules, from many data
sources. Information for each chemical compound refers to nomenclature (including
IUPAC name), structure, physicochemical properties, interactions, pharmacological
properties, toxicological information (both human and environmental), etc. Thus, the
PubChem database allows, when necessary, to complete the spectrum of information for
the biologically active compounds present in plants. Data contained in PubChem have
proven useful for numerous Al and machine learning studies (Kim et al., 2023).

The way to use the PubChem database involves entering in the search line either
the name of the chemical compound of interest, or its SMILES formula or International
Chemical Identifier. We illustrate how to use the database for the alpha-pinene
compound found in A. vulgaris, (Figure 14). By accessing the file corresponding to
alpha-pinene, the information contained in this database about this compound will be
available. Thus, existing data in PubChem can be used in numerous drug discovery
studies containing plant-derived compounds, with bioactivity data being used to build
computational models for predicting bioactivity or toxicity, or to discover multi-target
ligands.
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Pub@hem About Docs  Submit  Contact

SEARCH FOR

alpha-pinene Q
Treating this as a text search. ’
BEST MATCH

ALPHA-PINENE; 80-56-8; 2-Pinene; Acintene A; .alpha.-Pinene; 2,6,6-Trimethylbicyclo[3.1.1lhept-2-ene; pin-2(3)-ene; Pinene
isomer; ...

Compound CID: 665

MEF: CigHyg MW: 136

IUPAC Name: 2 hylbicyclo[3.1.1]hept-2-ene
Isomeric SM|
InChiKey: G

InChl: InChi=

=CCC2cc1c2(O)C

Create Date: 2004-09-16

Summary  Similar Structures Search  Related Records

FIG. 14. lllustration of how to use the PubChem database to obtain information about the compound alpha-pinene

For example, the PubChem database was used to extract the SMILES formulas
and physicochemical properties of acyclic monoterpenes identified as components of
essential oils extracted from plants, and this information was then used to obtain
predictions regarding the adverse effects of these components on humans (Dascalu et
al., 2023).

2.8.2. UniProt — The Universal Protein Resource

The UniProt database (https://www.uniprot.org/, The UniProt Consortium,
2023) provides valuable information on the sequences, cellular localization and
biological functions of proteins that are molecular targets for phytochemicals identified
in plants, thus supporting research in biotechnology, biological, biomedical, and
pharmaceutical fields, as the understanding of protein functions is essential for the
progress in these fields. Data presented in UniProt are extracted from multiple selected
resources and are interpreted and standardized. The database is continuously enriched
in content including newly available information regarding protein sequences and
functions. UniProt is an important resource for computational studies as it integrates with
various other databases and bioinformatics tools.
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2.8.3. Protein Data Bank (PDB)

The Protein Data Bank (PDB, https://www.rcsb.org, Berman et al., 2000) is a
database that contains structures of biological macromolecules and the complexes
formed by them with various ligands. The structures found in the PDB are determined
either by X-ray diffraction, nuclear magnetic resonance (NMR), electron microscopy
(EM), and molecular modeling. The data presented in a PDB file contain, in addition to
the spatial coordinates of the constituent atoms of the system, general information
necessary for all stored structures and information specific to the structure determination
method. This database is heavily used in the fields of computational biology,
bioinformatics and cheminformatics because it provides target protein structures for
biologically active compounds, structures that are subsequently used in molecular
modeling that provides information on interactions between plant chemicals and target
proteins for disease treatment.

3. CONCLUSIONS

Databases play a crucial role in computational studies of phytochemicals,
providing researchers with access to vast amounts of structured information about these
compounds. The chemical structures of phytochemicals, their molecular formulas,
physico-chemical properties, spectral data, but not only, are data that can be used for
identifying and/or characterizing phytochemicals present in plant extracts or natural
products. Many databases contain data regarding (or allow prediction of) information
about the biological activities of phytochemicals, such as their pharmacological effects,
toxicity and mechanisms of action. Therefore, researchers can also use these databases
to discover correlations, patterns, and/or relationships between chemical structures and
biological activities, facilitating the development and/or improvement of predictive
models for identifying compounds in plants that are efficient in drug discovery and
design. Phytochemicals contained in databases can be also used in virtual screening
against molecular targets involved in disease pathways and to identify compounds with
therapeutic potential. Consequently, using these databases, researchers in the field of
computational biology and chemistry can conduct studies meant to identify
phytochemicals with specific biological activities relevant to their research interests.
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