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Abstract

Endophytic actinobacteria, which establish symbiotic relationships within plant tissues, are now
recognized as prolific producers of structurally diverse secondary metabolites, including polyketides,
terpenoids, alkaloids, and peptides, with activities ranging from potent antimicrobial and anticancer
effects to plant growth promotion. In this comprehensive review, we present an integrative synthesis of
over two decades of research, describing the taxonomic diversity, ecological significance, and
biosynthetic capabilities of these microorganisms.

Our findings consolidate reports of 111 distinct metabolites isolated from endophytic actinobacteria,
many of which exhibit strong activity against multidrug-resistant (MDR) pathogens or modulate critical
disease pathways or display potent antibacterial, antifungal, anticancer, antimalarial, anti-inflammatory,
and plant growth-promoting activities. Among these substances, polyketides emerged as the predominant
class, reflecting the versatility and complexity of biosynthetic gene cluster (BGC) networks associated
with the production of these compounds in endophytic actinobacteria, shaped by intimate host—microbe
interactions and ecological adaptations, which indicates the high capability of these bacteria in the
production of compounds with sophisticated chemical structures.

We also discuss recent advances in isolation strategies, cultivation approaches, genome mining, and
co-cultivation techniques, and pathway engineering that have enabled the activation of silent biosynthetic
gene clusters and the expansion of chemical space accessible from these microorganisms. Finally, this
study not only addresses key challenges, including low culturability of many strains, host specificity,
silent biosynthetic gene clusters, and scalability issues, but also explores a cutting-edge roadmap that
integrates multi-omics, synthetic biology, ecological perspectives, and metabolic engineering for pathway
activation and vyield optimization to accelerate the translation of these natural products into next-
generation therapeutics.
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