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IIT Researchers Pioneer Breakthrough in Biotechnology: Metabolic Engineering for Enhanced Camptothecin
Production

(1T researchers revolutionize cancer drug production, boosting camptothecin from endangered plants with

metabolic engineering, addressing conservation and health needs.)
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In a remarkable feat of biotechnological innovation, researchers from the esteemed Indian Institutes of
Technology (IIT) Madras and Mandi have successfully implemented metabolic engineering techniques to
significantly boost the production of the anti-cancer drug camptothecin (CPT). This breakthrough not only
addresses the pressing need for enhanced production of anti-cancer drugs but also tackles the conservation
challenge associated with the endangered plant species Nothapodytes nimmoniana, traditionally the primary
source of CPT.

Background: The Urgency of Cancer Drug Production

Cancer remains a formidable global health challenge, claiming nearly 10 million lives in 2020 alone, according
to the World Health Organization (WHO). In India, where the incidence of cancer is expected to rise to 15.7 lakh
by 2025, according to the Indian Council of Medical Research-National Cancer Registry Programme (ICMR-
NCRP 2020), the demand for increased production of anti-cancer drugs has become a compelling necessity.

The Significance of Camptothecin

Camptothecin, a potent topoisomerase | inhibitor, is a crucial lead molecule for high-value anti-cancer drugs

such as Topotecan and Irinotecan. Traditionally, it has been extracted from plants like Camptotheca acuminata

and Nothapodytes nimmoniana. However, the conjunction of climate change and extensive deforestation for

CPT extraction has led to the endangerment of these plant species, with a significant decline in the N.

nimmoniana population by more than 20% in the last decade alone.

Metabolic Engineering: A Sustainable Solution
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The research undertaken by the Plant Cell Technology Lab of IIT Madras focuses on metabolic engineering,
cutting-edge approach to manipulate the metabolic pathways within plant cells. The aim is to enhance the
production of CPT while ensuring the sustainable use of plant resources.

Research Methodology: Genome-Scale Metabolic Model

1. Creating a Blueprint for Success

The researchers developed a genome-scale metabolic model for N. nimmoniana plant cells using advanced
computational tools. This model serves as a blueprint, providing insights into the intricate metabolic processes
within the plant cells and guiding the researchers in optimizing CPT production.

2. Microbe as a Sustainable Alternative

A prior research paper published in 2021 by IIT Madras researchers identified a sustainable and high-yielding
alternative source for CPT: a microbe. This innovative approach sought to address the environmental concerns
and resource depletion associated with the extensive overharvesting of plant material required for CPT
extraction.

3. Identification of Suitable Enzyme Targets

Computational tools were employed to identify and rank suitable enzyme targets within the plant cells for
overexpression and downregulation. This strategic use of computational models enabled the researchers to
predict and validate the most effective enzyme modifications to maximize CPT production.

Results: A Five-Fold Increase in CPT-Yielding Plant Cells

1. Experimental Validation and Success

The metabolic engineering efforts led by Ms. Sarayu Murali, a PhD student at IIT Madras, resulted in the
experimental validation of overexpressing a specific enzyme predicted by the model. This successful
modification led to the development of a plant cell line of N. nimmoniana that exhibited a remarkable five-fold
increase in CPT yield compared to the untransformed plant cell line.

2. Scientific Strategies for Sustainable Biomanufacturing

Dr. Shyam Kumar Masakapalli from IIT Mandi emphasized the scientific strategies adopted in this work,
highlighting its potential to pave the way for engineering plant cell bio-factories for sustainable
biomanufacturing of high-value phytochemicals. The collaboration between IIT Madras and IIT Mandi proved
instrumental in achieving a substantial increase in the synthesis of CPT, a critical anti-cancer phytochemical.

Conservation Implications: A Win-Win Solution
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Addressing the Red-Listing of Plant Species

The traditional method of extracting CPT from N. nimmoniana has led to the red-listing of the plant species by
the International Union for Conservation of Nature (IUCN). With a significant decline in its population, the
conservation implications of this research are profound. The successful metabolic engineering of plant cells not
only ensures a sustainable source of CPT but also mitigates the environmental impact of overharvesting.
Future Commercial Viability: Revolutionizing Drug Manufacturing

1. Commercial Production within Reach

The research team, led by Principal Investigator Prof. Smita Srivastava and Co-Investigator Prof. Karthik Raman
from IIT Madras, is optimistic about the commercial viability of this technology. The focus on overexpressing
specific genes in the plant to increase CPT production is akin to widening roads to accommodate increased
traffic flow. The goal is to make this process commercially feasible within three to five years, revolutionizing the
manufacturing of this vital cancer drug.

2. Reducing Dependence on Nature

Prof. Karthik Raman emphasized the broader implications of this platform technology, asserting that model-
based rational metabolic engineering of plant cells can be adapted to enhance the production of many other
high-value phytochemicals. This not only reduces dependence on nature but also opens doors to more
efficient and sustainable methods of producing medicinal compounds.

Social and Economic Impact: Redefining Medicinal Production
P

1. Addressing a Global Health Crisis

The significance of this research extends beyond national borders, addressing a global health crisis. With
cancer being a leading cause of death worldwide, the enhanced production of anti-cancer drugs is of
paramount importance. The IIT researchers’ breakthrough in metabolic engineering offers a tangible solution to
meet the increasing demand for these life-saving medications.

2. Impact on Healthcare Accessibility

As the production efficiency of anti-cancer drugs improves, there is potential for a positive impact on
healthcare accessibility. The cost-effectiveness of manufacturing processes, coupled with the sustainable
sourcing of medicinal compounds, could contribute to making these vital drugs more accessible to a broader
population, particularly in resource-constrained regions.

3. Economic Opportunities and Innovation

The successful translation of this research into commercial production could unlock economic opportunities
and foster innovation in the pharmaceutical industry. The development of sustainable biomanufacturing
practices not only aligns with global trends toward eco-friendly technologies but also positions the Indian
biotech sector as a leader in addressing critical healthcare and environmental challenges.

Challenges and Ethical Considerations: Balancing Progress with Responsibility
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1. Ethical Implications of Genetic Modification

The genetic modification of plant cells, while yielding substantial benefits, also raises ethical considerations. As
researchers delve into the realm of metabolic engineering, it is crucial to navigate the ethical landscape
carefully. Ensuring transparency, engaging in public discourse, and implementing rigorous safety protocols are
essential to maintain public trust in the application of biotechnological advancements.

2. Socioeconomic Impact on Traditional Extractors

The transition from traditional methods of extracting medicinal compounds from plants to advanced
biotechnological processes may have socioeconomic implications for communities traditionally engaged in
extraction activities. Striking a balance between technological progress and the preservation of cultural
practices and livelinoods is a challenge that warrants attention.

Future Prospects: Beyond Camptothecin Production:

1. Expanding the Toolkit for Medicinal Compound Synthesis

The success of metabolic engineering in enhancing CPT production opens the door to a broader toolkit for
synthesizing other medicinal compounds. The adaptable nature of the platform technology developed by the
[IT researchers allows for customization to produce a range of high-value phytochemicals, potentially
revolutionizing the pharmaceutical industry's approach to drug development.

2. Climate-Resilient Bio-Manufacturing

In the face of climate change, where traditional plant sources face challenges due to shifting environmental
conditions, the ability to engineer plant cells for bio-manufacturing offers a climate-resilient alternative. This
not only addresses current challenges in drug production but also future-proofs the industry against potential
disruptions.

A Holistic Approach to Healthcare and Conservation

The groundbreaking research by IIT Madras and IIT Mandi exemplifies a holistic approach to addressing
pressing global challenges. By integrating metabolic engineering with bioprocess engineering principles, the
researchers have not only enhanced the production of a critical anti-cancer drug but also contributed to the
conservation of endangered plant species. The social, economic, and ethical dimensions of their work highlight
the need for responsible scientific innovation that considers the broader impact on society and the
environment. As this research paves the way for a future where medicinal production is efficient, accessible,
and sustainable, it serves as a beacon of hope in the ongoing battle against cancer and environmental
degradation. The collaborative efforts of these institutions, supported by government funding, underscore the
potential of such partnerships in shaping a healthier and more sustainable world.
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