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What are Natural
Products (NPs)?

- Natural Products (NPs) are organic compounds produced by living organisms
such as plants, fungi, bacteria, and marine organisms.

- NPs exhibit a wide range of structures and bioactivities, making them crucial in
drug discovery and development.

- Many well-known drugs, such as antibiotics, anticancer agents, and
immunosuppressants, are derived from NPs.

- NPs are key sources of new therapeutic agents due to their complex structures
and biological activities.




Status of Natural Products Databases as of Early
2024

- Total Databases: Over 63 published databases related to natural products.
- Offline Databases: 14 of these are completely offline. ..

- Access Challenges:
- Many databases are difficult to access.
- Data often fails to meet FAIR (Findable, Accessible, Interoperable,
Reusable) standards.
- Data Gaps:
- Crucial information is frequently missing, including:
- Organism source
- Geolocation
- Compound names

- Literature references
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COCONUT - COlleCtion of Open Natural
ProdUcTs

- To create an aggregated dataset of elucidated and predicted NPs.
- Provides a web interface for easy browsing, searching, and downloading.
- Should be freely accessible as a website.

- A complete open-source resource for Natural Product research

COlleCtion of Open Natural ProdUcTs



COCONUT-1.0

- Version 1.0 published on Journal of

Cheminformatics

- Data sourced from 53 chemical databases and
literature.

- Quality control and standardization process.

- Over 406,076 unique "flat" NPs and 730,441 with

stereochemistry.
- Search Capabilities

- Data Download

Database | Open access | Published: 10 January 2021

COCONUT online: Collection of Open Natural Products
database

Maria Sorokina &, Peter Merseburger, Kohulan Rajan, Mehmet Aziz Yirik & Christoph Steinbeck

Journal of Cheminformatics 13, Article number: 2 (2021) | Cite this article
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Molecule unification
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COCONUT -
Applications

Natural Product Discovery and Analysis

Drug Discovery and Development

Computational Screening and In Silico Applications

Chemical Informatics and Data Mining

Educational and Research Resource

Citation count : 354 and Growing (since 2021)



Issues with
COCONUT-1.0

COlleCtion of Open Natural ProdUcTs

Valence Issues and duplicate records.

Presence of Synthetic Molecules.

Unintended inclusion of fluorinated

Fluorinated Compounds: molecules that aren't typically classified as
natural products.

Unlinked or Non-Normalized Citations

Missing Organism Information associated with the natural
products.

Difficulty in Local Execution

Insufficient or unclear documentation for

Lack of Code Documentation: code and tools provided.
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Deep Learning for scraping, curating and
registering compounds from the primary literature



— Information in printed literature is not
readily available in databases

Chemical Structures

Organism Name Chemical Nam

Abstract: Agar-based disc difﬁ.lsLn antimicrobial assay has shown that the ethyl acetate extract of
the fermented broth of Aspergillus giganteu NTU967 isolated from Ulva|lactuca exhibited significant
antimicrobial activity in our preliminary screening of bioactive fungal strains. Therefore, column
chromatography of the active principles from liquid- and solid-state fermented products of the fungal
strain was carried out, and which had led to isolation of eleven com nds. Their structures were
determined by spectral analysis to be seven new highly oxygenated polyketides Jnamely aspergilsmins
A-G (1-7), along with previously reported patulin,|deoxytryptoquivaline tryptoquivaline and
quinadoline B. Among these, aspergilsmin C (3) and patulin displayed promising anticancer activities
an hepatocellular carcinoma SK-Hep-1 cells and prostate cancer PC-3 cells with 1C5p values
between 2.7-7.3 uMJFurthermore, aspergilsmin C (3) and patulin exhibited significant anti-angiogenic
functions by impeding cell growth and tube formation of human endothelial progenitor cells without

any cytotoxicity.

Patulin

K rds: Asperqillus giganteus; Trichocomaceae; bioactive natural products; Polyketides; aspergilsmi . . .
cywords: Aspergitils gignittens; Trichocomaceac; bioactive naturalproduc yKetdes; asperglismin Figure 1. Chemical structures of compounds 1-7 and patulin.

Image Source: Chen et al. 2020, J.Nat Prod



Optical Chemical Structure Recognition (OCSR) Tools
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3. Searching for dashed lines
and dashed wedges
4. Character recognition

5 . G ra p h CO m pi Iatio n Review | Open Access ‘ Published: 07 October 2020

6. Post processing f«o;el;/iew of optical chemical structure recognition
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DECIMER: Deep LEarning for Chemical IMagE
—Recognition
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—[eep LEarning for Chemical IMagE Recognition
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DECIMER - Segmentation (Tool)

Detected Chemical Structures
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Segmented Chemical
Structures

Final Cleaned
Images

Software ‘ Open Access ‘ Published: 08 March 2021

DECIMER-Segmentation: Automated extraction of
chemical structure depictions from scientific literature

Kohulan Rajan, Henning Otto Brinkhaus, Maria Sorokina, Achim Zielesny & Christoph Steinbeck

Journal of Cheminformatics 13, Article number: 20 (2021) | Cite this article
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Tuenter et al. 2016, J.Nat Prod
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DECIMER - Image Classifier
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OCSR Engine




___DECIMER - Image Transformer V 2.0
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DECIMER Image

Transformer
Testing
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® Clean Dataset = Augmented Dataset ® Hand-drawn Dataset
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DECIMER WORKFLOW

nature > nature communications > articles > article

Article \ Open access \ Published: 19 August 2023

DECIMER.ai: an open platform for automated optical
chemical structure identification, segmentation and
recognition in scientific publications

Kohulan Rajan, Henning Otto Brinkhaus, M. Isabel Agea, Achim Zielesny & Christoph Steinbeck )
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Synthesis of Carlina Oxide Analogues and Evaluation of Their
Insecticidal Efficacy and Cytotoxicity
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ABSTRACT: Compounds isolated from botanical sources 3 «
represent innovative and promising alternatives to conventional R S .
insecticides. Carlina oxide is a compound isolated from Carlina 5 o /
acaulis L. (Asteraceae) essential oil (EO) with great potential as R@/\ R=4CH; R=4Cl
bioinsecticide, being effective on various arthropod vectors and R=48r 34
agricultural pests, with moderate toxicity on non-target species. R=4-SCH,
Since the production from the wild source is limited, there is the &
need of explormg new synthetic routes for obtaining this

5 N

d and analogues with i and lower toxicity. Herein, the chemical synthesis of carlina oxide analogues
was developed. Their insecticidal activity was assessed on the vectors Musca domestica L. and Culex quinquefasciatus Say, and their
cytotosicity was evaluated on a human keratinocyte cell line (HaCaT). The compounds’ activity was compared with that of the
natural counterparts EO and carlina oxide. In housefly tests, the analogues were comparably effective to purified carlina oxide. In Cx.
quingucfasciatus assays, the meta-chloro analogue provided a significantly higher effcacy (LCyo of 0.71 ug mL™) than the EO and

carlina oxide (LCso 1.21 and 1.31 g mL™, respectively) and a better safety profile than ca.r].mz oxide on kemtlnocytes Ovem]] this
study can open the way to an agrochemical production of carlina oxide anal as nature-inspired

he use of conventional insecticides has an enormous
impact, boosting food production and contributing
significantly to the improvement of human health, includi

B

This compound (1) belongs to the class of polyacetylenes,
which are well recognized as phytoalexins, ie., defense

the reduction of the onset of vector-borne diseases.”
However, the misuse and overuse of insecticides led to several
negative consequences such as the accumulation in food,
water, and soil, the devel of pesticide resi , and
nontarget effects on human health and the ecosystem.”® In
this context, botanical insecticides represent innovative and
safe alternatives to conventional products due to their
promising efficacy on a wide spectrum of vectors and
agricultural pests and their moderate to low impact on the
environment, as well as on human and animal health.”™®
However, the limited supply of the raw material from botanical
sources may lead to exploring alternative routes for obtaining
these msectlcldal agents. Carlina acaulis L. is a medicinal plant
b ging to the A (Compositae) family and native to
the calcareous soils of southern and central Europe'® with
documented biological activities.!' ™" Its root essential oil
(EO) is ct ized by the pred (>95%) of 2-(3-
phenylprop 1- ynyl)fu.ran, commonly known as carlina oxide
(.2

N_o
W

ib. produced by plants in response to living rmcm
products of microbial origin, and envi
stress such as UV light exposure and cold.'® C. acaulis EO,
carlina oxide, and formulations encapsulating these products
have been tested against vectors (Culex quinquefasciatus Say
and Musca domestica L.), agricultural pests (Lobesia botrana
(Denis & Schiffermiiller), Bactrocera oleae (Rossi), Ceratitis
capitata (Wiedemann), and Meloidogyne incognita (Kofoid &
Whlte)), and stored-] products pests (Acams siro L., Alphitabms
iperinus (Panzer), O is L,

truncatus (Horn), Rhyzapefthn dominica (F.), Sxtﬂphrlm oryzae
L, Tribolium confusum Jacquelin du Val, Tribolium castanewum
(Herbst), Tenebrio molitor L., and Trogoderma granarium
Everts ), showing noteworthy results 772" The above-

d studies also d d the limited toxicity of
C. acaulis EO on nontarget species, as well as its promising
safety profile in terms of LD, and IC, values determined on
rats and human cells, respectively.'**"** Since carlina oxide is
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Data Sources
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An open source chemical structure curation pipeline
using RDKit

[ ]
D a l a c u ra l I O n A. Patricia Bento, Anne Hersey, Eloy Félix, Greg Landrum, Anna Gaulton, Francis Atkinson, Louisa J.

Bellis, Marleen De Veij & Andrew R. Leach &

Journal of Cheminformatics 12, Article number: 51 (2020) | Cite this article
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Apart from structure
depictions

Structure Curation
ChEMBL Pipeline with
RDKit

structural and chemical
information is processed
using RDKit through
Cheminformatics
Microservice
J

Data Normalisation

Duplicate entries identified
and removed

Correcting molecular
structure errors

Standardising data for
consistency




Cheminformatics Microservice

Effortlessly integrate cheminformatics tools into Cheminformatics

your web application or workflows.

Multi-Tool Kit Support (Portability)

Seamlessly incorporate and utilize various
toolkits, such as RDKit, CDK, and OpenBabel, to
improve your cheminformatics and
computational chemistry tasks without the
need for complex setup. Maximize the benefits

of different frameworks available.

Journal of

Consistent and Reproducible
Environments (Reproducibility)

Cheminformatics Microservice packages
toolkits and all their dependencies, libraries,
and system tools, into a single container
(including the entire runtime ensuring

consistency across different deployments).

https://api.naturalproducts.net/latest/docs

Software | Open access | Published: 16 October 2023

Cheminformatics Microservice: unifying access to
open cheminformatics toolkits
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Advanced logging (Metrics)

Prometheus and Grafana provide a powerful
monitoring solution for Cheminformatics
Microservice that collects and visualizes
metrics in real time, enabling efficient tracking

of system health, performance, and behaviour.
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