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José L. Medina-Franco, Tilmann Weber, Pieter C. Dorrestein,
Dusanka Janezic, Özlem Tastan Bishop and Jutta Ludwig-Müller*

The workshops on computational applications
in secondary metabolite discovery (CAiSMD)

Abstract: We report the outcomes of the second session of the free online open-access
workshop “Computational Applications in Secondary Metabolite Discovery (CAiSMD)

Fidele Ntie-Kang and Donatus B. Eni contributed equally to this work.

*Corresponding authors: Fidele Ntie-Kang, Center for Drug Discovery, University of Buea, P. O. Box 63
Buea, Cameroon; Department of Chemistry, University of Buea, P. O. Box 63 Buea, Cameroon; and Institute
of Pharmacy, Martin-Luther University of Halle-Wittenberg, Kurt-Mothes-Str. 3, 06120 Halle, Germany,
E-mail: fidele.ntie-kang@ubuea.cm; and Jutta Ludwig-Müller, Faculty of Biology, Technische Universität
Dresden, Zellescher Weg 20b, 01062 Dresden, Germany, E-mail: jutta.ludwig-mueller@tu-dresden.de
Donatus B. Eni and Jude Y. Betow, Center for Drug Discovery, University of Buea, P. O. Box 63 Buea,
Cameroon; and Department of Chemistry, University of Buea, P. O. Box 63 Buea, Cameroon
Kiran K. Telukunta, Darshana Joshi and Alanis T. Edwin, Tarunavadaanenasaha Muktbharatonnayana
Samstha Foundation, Hyderabad, India. https://orcid.org/0000-0002-3219-9240 (K.K. Telukunta)
Victor Chukwudi Osamor, Department of Computer and Information Sciences, Covenant University, Ota,
Nigeria
Samuel A. Egieyeh, School of Pharmacy, University of the Western Cape, Cape Town, 7535 South Africa; and
South African Medical Research Council Bioinformatics Unit, South African National Bioinformatics Institute,
University of the Western Cape, Cape Town 7535, South Africa
Miquel Duran-Frigola, Ersilia Open Source Initiative, Cambridge, UK
Pankaj Mishra, Department of Education, Uresearcher Growth Labs Private Limited, 2/44-45, Wazir Hasan
Road, Lucknow, Uttar Pradesh 226001, India
Daniel M. Shadrack, Department of Chemistry, St. John’s University of Tanzania, P. O. Box 47 Dodoma,
Tanzania
Lucas Paul, Department of Chemistry, Dar es Salaam University College of Education (DUCE), P. O. Box 2329
Dar es Salaam, Tanzania
Thommas M. Musyoka, Department of Biochemistry, Microbiology and Biotechnology, Kenyatta University,
Nairobi, Kenya
Kai Blin and Tilmann Weber, The Novo Nordisk Foundation Center for Biosustainability, Technical University
of Denmark, Kongens Lyngby, Denmark

https://doi.org/10.1515/psr-2024-0015

mailto:fidele.ntie-kang@ubuea.cm
mailto:jutta.ludwig-mueller@tu-dresden.de
https://orcid.org/0000-0002-3219-9240
https://doi.org/10.1515/psr-2024-0015


2022” that took place from 09 to 11 March 2022. The first session was held from 08 to 10
March 2021 and drew the attention of many early career scientists from academia and
industry. The 23 invited speakers of this year’s workshop also came from academia and
industry and 222 registered participants fromfive continents (Africa, Asia, Europe, South,
and North America) took part in the workshop. The workshop highlighted the potential
applications of computational methodologies in the search for secondary metabolites or
natural products as drug candidates and drug leads. For three days, the participants of
this online workshop discussed modern computer-based approaches for exploring NP
discovery in the “omics” age. The invited experts gave keynote lectures, trained partic-
ipants in hands-on sessions, and held round table discussions. These were followed by
oral presentations during whichmuch interaction between the speakers and the audience
was observed. Selected applicants (early-career scientists) were offered the opportunity to
give oral presentations (15 min) upon submission of an abstract. The final program avail-
able on the workshop website (https://indiayouth.info/index.php/caismd) comprised three
keynote lectures, 14 oral presentations, two round table discussions, and four hands-on
sessions. This meeting report also references internet resources for computational
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biology around secondary metabolites that are of use outside of the workshop areas and
will constitute a long-term valuable source for the community.

Keywords: bioinformatics; chemoinformatics; secondary metabolites; open science;
predictions; web tools

1 Introduction

Natural products (NPs) are not only the backbone of traditional medical systems but also
of modern medicine, as many modern drugs are derived from natural sources. Apart
from therapeutics, NPs are broadly utilized in nutrition and food technology, cosmetics,
and biomaterial development, and are also used in multiple industrial processes [1]. NPs
are lead compounds, which are frequently produced by plants and microbes as their
secondary metabolites (SMs). However, producing large quantities of such compounds
for industrial and clinical applications has been a persistent problem [2]. This has been
compounded by the challenges linked to the isolation of NPs from complex mixtures and
the difficulties often encountered in the total synthesis of SMs. During the past decade, SM
discovery has been enhanced by the rapid progress in artificial intelligence and its
applications [3]. Research in the field of NPs has therefore embraced the need for large-
scale analysis of digitalized experimental data in the fields of metabolomics, tran-
scriptomics, and genomics often referred to as the “omics” era [4]. This calls for the need
for NP chemists to be properly trained in the new “omics” disciplines to be able to tackle
the new challenges in the identification of SMs, elucidation of their structures, modes of
action, and potential toxicities to enhance drug discovery from nature.

The “Computational Applications in Secondary Metabolite Discovery” (CAiSMD) was
conceived to be an annual event that brings together scientists from the fields of bioin-
formatics and chemoinformatics whofind interest in the computationalmethodologies and
applications that are important for the discovery of NPs or their transformation into drug
leads [5]. Currently, the event is purely online, although there are plans underway to get a
hybrid meeting that combines face to face participation as well as a virtual participation.

The current series of virtualworkshops is intended to introduce participants tomodern
computer-based approaches and tools for the exploration of the NPs and “omics” world.
Most of the tools (software, web servers, databases, etc.), methods, and results presented to
the participants were recent (dating from 2019 and later). The focus was on bioinformatics,
chemoinformatics, NP chemistry, computational drug design, and genomic analysis, with
applications in drug discovery. The cost-free workshop was conducted in English and open
to the entire scientific community. M.Sc. and Ph.D. students, postdoctoral researchers, and
early-career scientists were the target group of the workshop. Selected participants could
submit an abstract indicating if they wish to give 15-min oral presentations.

All sessions with oral presentations and the parallel hands-on sessions (HS) were
accessible through Zoom. All digital references are summarized in Table 1 and the final
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program and hand-out sessions are available on the website (https://caismd.indiayouth.
info/). Since the workshop was intended in large part to attract early-career researchers,
two formats were included, that is parallel hands-on sessions and round table discus-
sions, partially led by postdoctoral scientists.

2 Workshop contents

2.1 Keynote lectures (KLs)

The organizers took the initiative to start identifying, inviting, and corresponding with
key experts in the field who could provide inputs in the form of keynote lectures, oral
presentations, and online hands-on training tutorials. All information regarding dead-
lines and registration was published on the workshop website from which interested
applicants could download an abstract template and make all relevant uploads. Three
keynote lectures (KLs) were given during the workshop, each lasting 45 min. The first
keynote lecture was given by Özlem Tastan Bishop on day one who introduced some of
the novel approaches to computational drug discovery using natural compounds: Iden-
tification of allosteric drug targeting sites; searching allosteric modulators via natural
compounds, i.e. from the South African Natural Compounds Database (SANCDB) [6, 7];
and understanding the allosteric mechanisms of these modulators in the presence of
evolutionary mutations. The case study was SARS-CoV-2 main protease (Mpro). The
research group identified six potential allosteric modulators from SANCDB against Mpro

[8, 9]. They observed that the stability of the potential hit compounds drastically changed
in the presence of some of the mutations. Additionally, in the presence of some of the
mutations, the allosteric communication path between the allosteric ligand binding site
and the active site was lost. Collectively, the computational approaches that they estab-
lished in this study offered routes for novel rational drug discovery methods and pro-
vided computationally feasible platforms to identify key functional residues implicated
in allosteric signalling in the presence of allostericmodulators. Since the establishment of
SANCDB, the database has attracted significant interest in diverse domains including
natural product research, drug discovery, cheminformatics, andmachine learning. In the
last two years, SANCDBhas also been screened by their research group and others against
SARS-CoV-2 drug targets.

The second KL was presented by Dušanka Janežič. Her team developed new meth-
odological solutions for the prediction and study of protein binding sites on the protein
databank (PDB) scale, based on graph theoretical approaches, combined with molecular
dynamics simulations. The special focus was on the development of new algorithms for
the prediction of protein binding sites (ProBiS) [10, 11] and new web tools for modeling
pharmaceutically interesting molecules - ProBiS Tools (algorithm, database, web server).
The ProBiS Tools are the first to allow the identification of interactions between protein
structures, the prediction of ligand selectivity and binding, and the monitoring of the
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effects of conserved waters and sequence variants on ligand binding, to surpass human
involvement in drug design. All ProBiS Tools are freely available to the academic
community at http://insilab.org and https://probis.nih.gov.

On the third day, Pieter Dorrestein highlighted the latest mass spectrometry-based
tools in his KL, including the research group’s crowdsource molecular annotation plat-
form and repository scale analysis, to study the chemistry of the diet and microbiome
associated with the host (plants, animals, humans) in relation to ecosystem health
information as well as understanding the chemistry of human, environmental, or
ecological habitats. This was to establish the roles microbes play and their relationship to
the chemistries in our bodies proportional to human health. The speaker also presented
the Global Natural Products Social Molecular Networking (GNPS) [12], a web-based mass
spectrometry ecosystem that aims to be an open-access knowledge base for community-
wide organization and sharing of raw, processed or identified tandem mass (MS/MS)
spectrometry data, developed by his group.

2.2 Oral presentations (OPs)

There were 14 scheduled OPs. The lecture topics included presentations of both novel
computational methodologies as well as recent results. The first two oral presentations
OP1 andOP2were done on the second day of theworkshop. OP1was presented by Kiran K
Telukunta who introduced the Galaxy framework [13] and gives an exordium to open-
source research and opens the door for accelerated research. The organizers planned to
insert a hands-on session in the next edition of the CAiSMD workshop which will guide
participants on how to use the Galaxy framework for visualization analysis [14]. OP2 was
given by Victor Chukwudi Osamor and collaborators. They highlighted a Computational
Investigation of Natural Products as Lead Compounds on Drug Repurposing using
Clustering and Fingerprinting Algorithms [15]. They studied natural molecules from the
African natural compounds database and traditional drugs from the PubChem database.
A total of 4936 small molecules were used in the experiment, containing 12 existing drugs
for cancer and 4924 natural compounds. The ChemmineR cheminformatics package in R
was used to generate thefingerprints for eachmolecule and perform other preprocessing
tasks, the molecular similarity between molecules was then calculated using the Tani-
moto coefficient with a cutoff of 0.5. For the clustering, the agglomerative hierarchical
and K-means clustering techniques were adopted, and the result was visualized using
dendrograms. Their result, based on the similarity property principle, showed that drugs
with similar molecular structures are likely to have the same properties. This may
indicate that they have similar properties and can be further tested as potential drug
candidates. In the study, the dataset was reduced to 482 molecules after conducting the
structural molecular similarity measurement.

On day three, there were 12 oral presentations (OP3-OP14). Mary A. Chama and
co-workers discussed on in silico and in vitro studies of the cytotoxicity and the mode of
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action of the compounds dichapetalins A and M. She reported that both dichapetalins
were isolated by column chromatography and identified using NMR and mass spec-
trometry (OP3). The PIDGINv2 [16] was used for target prediction, while molecular
docking was carried out using the GOLD v5.4 software suite. Cytotoxicity measurements
were done against theMCF-7 cells via theMTT assay and target validationwas carried out
with expression studies with qPCR. From the result, the IC50 of dichapetalinMwas higher
(4.71 μM and 3.95 μM) for 48 and 72 h of treatment, respectively, compared to curcumin
(with an IC50 of 17.49 μM and 12.53 μM for 48 h and 72 h of treatment, respectively). The
in vitro expression studies with qPCR confirmed an antagonistic effect of dichapetalin M
on PXR (NR112) signaling; supporting the PXR signaling pathway as a possible mode of
action of dichapetalin M. The findings suggest that dichapetalin M could be a lead
compound for a potential anticancer drug.

Samuel A. Egieyeh gave a talk that focused onmolecular insights into the interaction
between the spike protein of the Wildtype, Delta, and Omicron variants of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) [17] and the human angiotensin con-
verting enzyme 2 (hACE2). He examined the potential for the design of fusion inhibitors
(OP4). His teamused a combination of three-dimensional proteinmodel characterization,
protein-protein docking, molecular docking, and molecular dynamics to identify poten-
tial differences in the electronic potential distribution, solvation energy, interaction
energy, interacting residues, and dynamics of the mutants (Delta and Omicron) and wild
type spike proteins. Pharmacophore modeling was used to predict potential fusion
inhibitors. In the studies, the differences in the protein properties, electronic potential
distribution, solvation energy, interaction energy, interacting residues, and dynamics
between the mutants (Delta and Omicron) and wild-type spike proteins were observed,
and identify potential fusion inhibitors by pharmacophore modelling of the receptor
binding motif of the spike proteins.

Ya Chen gave a presentation on cheminformatics analysis of ring systems in NPs
(OP5) [18]. They compiled comprehensive, curated data sets of NPs, synthetic compounds,
and approved drugs, from which ring systems were extracted. Cheminformatics
approaches were employed to analyze the structural and physicochemical properties of
the NP ring systems, and the coverage of NP ring systems by readily purchasable,
synthetic compounds. In addition to common 2D physicochemical properties, such as
molecular weight and the number of nitrogen/oxygen atoms, they also considered the 3D
shape and electronic properties. Importantly, they deployed a new algorithm to auto-
matedly extract ring systems from chemical structures and a new method to maximize
the use of the available stereochemical information on ring systems. The source code
used in this analysis was also made available. From the study, the diversity of NP ring
systems and their importance to drug discovery were quantified. The study showed the
structural diversity of NP ring systems (which are more complex and more of them are
macrocycles) compared to the ring systems observed in synthetic compounds.

OP6 was given by Miquel Duran-Frigola et al., who explained how the Ersilia Model
Hub can be deployed in the form of a fully functional, comprehensive virtual screening
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cascade that is coupled with medicinal chemistry, parasitology, and ADME experimental
pipelines. The main asset of Ersilia Open-Source Initiative (EOSI; https://ersilia.io) is the
Ersilia Model Hub (a free, online, open-source platform) where scientists can browse
through a catalog of AI/ML models and select the ones that are relevant to their research
and run predictions online. They gathered, in a single resource, two classes of models.
They collect models developed by third parties and available in scientific publications.
The second class of models was developed in-house and in collaboration with research
groups that operate in the so-called Global South. Special emphasis was put on AI/ML
models that can handle natural product(-like) compounds. Akachukwu Ibezim and
co-workers evaluated the trypanocidal activity andmode of action of a steroid from Vitex
simplicifolia leaves (OP7). V. simplicifolia leaves were collected, identified, extracted with
methanol, and fractionated using dichloromethane (DCM) following the procedures as
described in their earlier work [19]. They used combined vacuum liquid chromatography
(VLC) with silica gel (230–400mesh, 30 × 30 cm, 500 g) as the stationary phase and a semi-
preparative HPLC (Dionex P580) system coupled to a photodiode array detector
(UVD340S) to isolate, purify, and characterize the obtained phytochemical. The plant
fraction and compound were assayed against Trypanosoma brucei rhodesiense (STIB
900), Trypanosoma cruzi bloodstream forms, and L6 cells. They employed Swiss Target
Prediction and GeneCard databases to retrieve drug targets for the isolate and the two
pathogens and used the Draw Venn Diagram platform analysis to identify the common
targets of both the disease and the isolate. Lastly, bioinformatics tools and techniques
were applied to predict the biological target(s) of the isolate. The methanol leaf extract of
V. simplicifolia showedmoderate trypanocidal activity against T. b. rhodesiense (IC50 = 14.
2 μg/ml). The DCMF brought a 56.25 % reduction in parasitaemia at 100 mg/kg in T. b.
brucei-infected mice. Further chromatographic separation of DCMF with the gradient of
DCM: methanol yielded a steroid identified as ajugasterone C. The isolate was effective
against T. b. rhodesiense (IC50 = 10.12 ± 0.3) and T. cruzi (IC50 = 46.05 ± 1.5), however, it
impact on the mammalian skeletal myoblast cell line (L6 cells) raises toxic concern
(IC50 > 100 μg/ml) (SIT.b.r > 9.80 and SI T. cruzi > 2.01). Through bioinformatics manipu-
lations, they found that the isolate interacts with Trypanosoma cysteine cathepsins (CatL
and CatB) to exhibit activity. Also, interactionwith adenosine kinase (ADK)was identified
regarding T. b. rhodesiense. These mechanisms of action are valuable in optimization
exercises. They observed that the isolate had some toxicity concerns though phyto-
chemicals are known to have a high safety profile.

Daniel M Shadrack exposed the participants to the concept of polypharmacology,
where one natural product can have multiple targets, and then focused on the efficacy of
natural products in an aqueous environment (OP8). He emphasized solubility and ag-
gregation issue of drugmolecules and how this relates to the efficacy of natural products.
Finally, some success stories of chemo-bioinformatics approaches in drug design were
highlighted.

The remaining OPs were dedicated to the “Young Investigators Session” and
comprised seven presentations mostly from Ph.D. students and postdocs. Jean Moto
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Ongagna gave a presentation (OP9) on the insights into intramolecular interactions of
transition metal-bis-(N-heterocyclic carbene) complexes and topological unraveling the
C–H Bond activation from QTAIM/ELF/EDA/NBO and BET Theory. The bond properties
and electronic structure of novel tetrahedral and square planar CH2-bridged bis-(N-
heterocyclic carbene) transitionmetals halides were described. They indicated that some
of these complexes facilitate the catalytic activity of the oxidative activation of the C–H
bonds of hydrocarbons. In a context where natural gas, mainly lower alkanes (methane
60 %, propane 5 %, and LPG) constitute a huge resource of fossil fuels and feedstocks
worldwide, the design and implementation of such compounds on the direct oxidation of
alkanes are worthy [20]. These types of complexes are widely used in the catalytic
petrochemical conversion of lower alkane into alcohol because of their more stable
metal–ligand bond. It is important to note that metal–halide bonds play a decisive role in
these reactions. These factors can be fine-tuned to achieve an improved catalytic activity.
Finally, they aimed to propose oxidative activation reaction mechanisms for these
complexes to facilitate their synthesis.

OP10 dealt with investigating the effect of trigonelline on memory function in
Alzheimer’s disease transgenic model mouse, 5XFAD which overexpressed mutated APP
and PS1 genes [21, 22] presented by Mai M. Farid. They observed that the oral adminis-
tration of trigonelline for 14 days significantly enhanced object recognition and object
location memories. In addition, trigonelline significantly ameliorated axonal and
dendrite atrophy in amyloid β-treated cortical neurons. After the oral administration of
trigonelline, they isolated plasma and cerebral cortex at 30 min, 1 h, 3 h, and 6 h. Ac-
cording to the result obtained using LC-MS/MS, trigonelline was detected in both plasma
and cortex from 30min after, suggesting good penetration of trigonelline into the brain.
Analysis of target proteins of TGN in neurons by a drug affinity responsive target stability
(DARTS) method identified that creatine kinase B-type (CKB) is a direct binding protein of
TGN. Treatment with a CKB inhibitor cancelled the TGN-induced axonal and dendritic
growth. These results suggest that trigonelline could be a promising therapeutic candi-
date for AD. During OP11, Jude Betow presented a search for schweinfurthins and other
SMs from the Cameroonianmedicinal plantMacaranga occidentalis (Euphorbiaceae) and
evaluated the possible anticancer activities of the SMs. Six compounds were isolated,
labeled MOC1–MOC6 which were then analyzed using GC-MS and 1H NMR analysis. They
observed that compoundsMOC1 andMOC2weremixtures i.e., MOC1: 9,12-octadecadienoic
acid-(Z,Z)-methyl ester (methyl linoleate) and 9-octadecenoic acid-E-methyl ester
(methyl-E-oleate); MOC2: phytosterols; β-sitosterol acetate, γ-sitosterol, β-stigmasterol
and campesterol; and MOC3: a pentacyclic triterpenoid 28-norolean-17-en-3-ol. From the
results obtained, none of the compounds falls under the class of schweinfurthins. They
planned to use GC-MS and spectroscopic analysis to determine the structures of the other
isolated compounds (MOC4–MOC6), together with the unidentified compounds on the
GC-MS chromatogram (RT:17.847, RT:20.142, and RT:27.967) and their subsequent
submission for anticancer screening.
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Next, Lucie K. Djogang gave a talk based on molecular docking and in silico ADMET
predictions of amodiaquine derivatives as antimalarial agents (OP12). She explored in
silico absorption, distribution, metabolism, excretion, and toxicity (ADMET) to study
some substituted amodiaquine compounds and predicted the potential interactionmodes
and binding affinities of the designed ligands with the enzymes of different pathways
(folate and glycolytic). Through this study, she observed that all the ligands modeled,
interacted with all three enzymes, and the human and Plasmodium falciparum TPI bind
with amodiaquine derivatives using two distinct binding sites and residues. Moreover,
the top-scoring ligand AmoJ shows a high binding affinitywith all the receptors compared
to amodiaquine and other derivatives. During OP13, Lucas Paul investigated the influence
of intermolecular and intramolecular hydrogen bonding and the influence of polar and
nonpolar solvents on the physical properties of linamarin. Furthermore, they performed
solvation free‐energy and electronic structure analysis. A detailed analysis showed
intermolecular hydrogen bonding between polar solvents (water, MeOH and DMSO) and
the hydroxyl oxygens of linamarin. According to thefindings, water exhibits the strongest
interaction with linamarin’s functional groups among the investigated solvents, and
from the solvation-free energy calculations, DMSO is the best solvent since it prefers to
interact with linamarin over itself, while water prefers to interact with itself. The solute-
solvent interactions are strongest between linamarin and DMSO, the solvent-solvent
interactions are strongest in water. As a result, the solvation free‐energy calculations
reveal that linamarin solvation is most favorable in DMSO. The last presentation (OP14)
was given by Pierre V. K. Sinda, who had isolated secondary metabolites responsible for
the hepatoprotective effect of the ethanol extract of Pentaclethra macrophylla stem bark
and studied their structure-activity relationship. P.macrophylla Benth (Mimosaceae) is a
medicinal plant commonly used in Cameroon to treat several diseases such as itching and
liver diseases. In the study, hydrogen peroxide (H2O2)-induced lipid peroxidation to
hepatocyte membranes’ model was used to successively assess the hepatoprotective-
bioguided fractionation of the ethanolic extract of P. macrophylla. For the in vivo
hepatoprotective test, mice were treated orally with the ethyl acetate (EtOAc) fraction of
the ethanol extract and subjected to D-galactosamine/lipopolysaccharide-induced (GaIN/
LPS) hepatotoxicity. Blood samples were collected for alanine aminotransferase (ALAT),
aspartate aminotransferase (ASAT), TNF-α, and IL-1β assays. The ethanol extract was
suspended in distilled water and successively extracted with EtOAc and n-BuOH to yield
the EtOAc and n-BuOH fractions as well as the residual aqueous fraction. The hep-
atoprotective test showed that the EtOAc fraction was the most effective (IC50: 3.214 μg/
mL) compared to silymarin used as reference (IC50: 117.4 μg/mL). Its fractionation by
column chromatography yielded three active sub-fractions which were purified to give
one monoglyceride, one carboxylic acid, two steroids, two tannins, and one terpenoid.
The structures were established based on their mass spectrometry, 1D and 2D NMR data,
and by comparison of the data with those of related compounds present in the literature.
Compound 11-O-galloyl bergenin (IC50:1.8 μg/mL)was themost effective. In vivo, the EtOAc
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fraction significantly reduced the serum level of ALAT, ASAT, and TNF-α, and increased
the liver protein content. Thus, this fraction could further be submitted for more
investigations as lead for liver diseases.

2.3 Hands-on sessions (HS)

Contrary to the last 2021 edition with five parallel hands-on sessions (HS) of 90 min each,
this year had only four hands-on sessions, split into two categories; bioinformatics and
chemoinformatics. Each category had one session on day 1 and one session on day 2,while
day 3 was dedicated to a “Test Yourself” (TY) session, during which participants were
expected to practice by themselves on exercises that had been left by the instructors
during the HS sessions proper. The TY lasted 45 min, while each HS lasted 90 min.

During HS01, Kai Blin taught participants how “antibiotics and Secondary Metabo-
lites Analysis Shell” (antiSMASH) [23] predicts the biosynthetic gene clusters (BGCs) on the
topic “Genome Mining using antiSMASH, and the antiSMASH and MIBiG databases”.
Participants gained some experience in running antiSMASH and interpreting the results
of such runs and learned how to use the antiSMASH database [24] and the Minimum
Information about a Biosynthetic Gene cluster (MIBiG) database [25] to gain additional
insights into the predicted BGCs.

HS02 was conducted by Pankaj Mishra. This session was focused on how to build
individual machine learning-based tools to classify and predict the biological activities of
small molecules. Participants also learned how to build machine learning-based virtual
screening tools to rapidly search millions of molecules. The skills learned can be applied
to other areas with different data as well. Generally, participants were trained on how to
install software packages; how to collect bioactivity data; how to process bioactivity data;
how to process chemical structures; how to carry outmolecular feature engineering; how
to build, train and evaluate bioactivity classification models; how to prepare virtual a
screening dataset; how to conduct machine learning-based virtual screening; and how to
select chemical hits.

During the third HS jointly coordinated by Darshana Joshi, Alanis T. Edwin, and
Kiran K. Telukunta, the participants were trained on the topic “Visualization of RNA-Seq
with Galaxy Framework”. They used heatmaps to visualize the differentially expressed
genes in the samples [26]. The current galaxy training tutorial examines the expression
profiles of basal and luminal cells in the mammary gland of a virgin, pregnant and
lactating mice [27] using the heatmap2 tool available in the Galaxy. Participants were
trained on how to generate a heatmap in which the top genes differentially expressed in
the luminal cells from the pregnant mice versus the luminal cells from the lactating mice
will be plotted. Heatmaps generated from the heatmap2 tool in the Galaxy were used to
visualize the differential expression of genes in RNA-Seq samples.

The last hands-on session (HS04) was focused on virtual screening for the fast and
cheap identification of bioactive natural products. Daniel M. Shadrack, Thommas M.
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Musyoka, and Fidele Ntie-Kang trained participants on how to explore web tools that
permit the search of databases including similarity and sub-structure searching for
privileged scaffolds. The first part of the session which lasted about 50 min, participants
were taught how to perform virtual screening from large libraries (focusing on natural
products libraries from African sources), e.g. the South African Natural Compounds
Database (SANCDB – https://sancdb.rubi.ru.ac.za/) [6,7], which is a collection of 1012
compounds derived from South African natural sources. Since its inception in 2015, the
database has been used for various machine learning and in silico virtual drug screening
studies with a recent study identifying several potential hits against severe acute
respiratory syndrome coronavirus 2 (SARS-COV-2). As part of a recent update, a unique
feature incorporating the compound dataset analogs from two leading commercial
databases (Molport and Mcule) was included. The feature will not only allow users to
explore a larger chemical space during screening but also allow them to seamlessly
purchase compounds for their biological studies. Participants were introduced to the
database with an emphasis on how they can obtain compounds for both their virtual
screening and biological studies. The second part of the session (approximately 20 min)
was focused on natural product databases originating from the regions of Northern [28]
and East Africa [29] (http://africancompounds.org/anpdb/), as shown in Figure 1.

2.4 Round table discussions

There were two round table discussions (RTDs); RTD01 during the middle of day 2 and
RTD02 at the end of the workshop. RTD01 was focused on the novel tools and methods
presented during day 1 and part of day 2. Among the interesting questions that emerged
werewhich toolswould be the best to address the increasing volume of data on secondary

Figure 1: Virtual screening protocol used during the HS04 for the identification of potent natural products
from African medicinal plants.
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metabolites, genomic sequences, transcriptomes, as well as which tools progressively
integrate updated data and databases, whether the results obtained from clustering data
using the Galaxy platformwould solve the current issues of constantly increasing volume
of data, etc. During the RTD02 that followed the early career researcher’s session and led
to the close of the workshop, the most important questions were raised to the organizers
about the frequency of the CAiSMD workshop series and the need to couple the online
sessions with face-to-face meetings. All participants agreed that the workshop contents
were quite enriching but differences in time zones between participants would suggest a
more harmonized data sharing platform. A compendium of computational tools used
during the workshop was compiled and summarized in Table 1.

3 Conclusions

Computational tools and methods continue to play a vital role in the discovery and
applications of SMs in several scientific disciplines, including drug discovery and the
pharmaceutical industry, in general. With these tools and methods dispersed in the
scientific literature and platforms andwith the constantly increasing volume of scientific
data stored in databases, it becomes imperative to drill students and early career sci-
entists on these approaches and update their knowledge on currently available tools.
Initially conceived as an annual event, the CAiSMD2022 brought together 23 invited
speakers of this year’s workshop who also came from academia and industry and 222
registered participants from five continents (Africa, Asia, Europe, South, and North
America). Subsequent events are planned every two years, meaning that the next ses-
sions are planned in March 2024. It is intended that the currently online workshop will
eventually become a hybrid event including both physical presence and online
participation.
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The workshop slides and materials for the hands-on sessions are available for free
download from the website (https://indiayouth.info/index.php/caismd/downloads).
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ANPDB African Natural Products Database
GNPS The Global Natural Product Social Molecular Networking
HS hands-on session
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