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has become an important approach for discovering more natural products. Due to the large number of natural product
biosynthetic gene clusters, screening those capable of generating the most potent bioactive molecules has gained
significance. To avoid self-destruction, some bioactive molecule producers have evolved with self-resistance enzymes,
which are slightly mutated versions of original enzymes, but not sensitive to the bioactive compounds. The presence of
self-resistance enzymes in the biosynthetic gene cluster of natural products serves as an indicator for the biosynthesis of
bioactive compounds. On the other hand, the biosynthetic gene clusters of natural products could be located using
information with their structures and activities as probes, e.g. the accumulating knowledge on antibiotic resistance
mechanisms has facilitated the discovery of new antibiotics. Moreover, dereplication of natural products with known
resistance mechanisms has been achieved by using indicator strains expressing the resistance genes. While these
approaches have successfully utilized self-resistance genes to connect molecules with their biological activities, a more
impactful application is to accurately link biological activity with genomic information through target-guided mining of
natural products. The concept is to use a self-resistance gene as a predictive tool to screen and identify biosynthetic
gene clusters encoding compounds that inhibit specific targets. Recent breakthroughs in self-resistance gene
identification have bridged the gap between activity-guided and genome-driven approaches for natural product
discovery and functional assignment. This review summarizes progress in bioactive natural product discovery guided
by self-resistance genes, as well as its applications, which include the following points: 1) locating biosynthetic gene
clusters based on self-resistance genes, 2) predicting the targets of secondary metabolites through self-resistance genes,
3) rapid dereplication of bioactive compounds with self-resistance mechanisms, 4) genome mining of bioactive natural

products guided by the target and the internal connection with self-resistance genes, and 5) the development of genome

data mining tools directed by self-resistance genes.
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Fig. 1 Workflow for natural product discovery
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Fig. 2 Simultaneous localization of genes encoding core biosynthetic enzymes and for self-resistance

(a) Microorganisms produce natural products (black triangles) as a strategy to kill competitors by inhibiting their essential metabolic enzymes
(yellow balls). To ensure their own survival, these microorganisms express the self-resistance enzymes (red balls) capable of complementing the
functions of those targeted metabolic enzymes; (b) Simultaneous localization of the core enzymes for lovastatin biosynthesis (blue) and the self-
resistance genes encoding HMG-CoA reductase within lovastatin biosynthetic gene cluster (BGC). This gene cluster includes another copy of HMGR
encoded by /lovR (red).
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Fig. 3 Self-resistance gene directed localization of the biosynthetic gene clusters (BGCs) for the production of natural products

(The biosynthetic core genes, self-resistance genes and other related genes are shown in blue, red and grey, respectively.)
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(Biosynthetic core genes, self-resistance genes and other related genes are shown in blue, red and grey, respectively.)
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Fig. 5 Workflow of the resistance gene directed dereplication of natural products

(O Construction of vectors expressing a known antibiotic resistance gene; @ Construction of strains capable of indicating the presence of known

bioactive compounds; ) Construction of a library of indicator strains; @ Inoculation of the indicator strains to media containing bioactive natural

products; ® Identification of natural products with new modes of action; (© Isolation of natural products with new modes of action
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Fig. 6 Discovery of bioactive natural products guided by their resistance genes

(Biosynthetic core genes, self-resistance genes and other related genes are shown in blue, red and grey, respectively.)
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Fig. 7 “False positive” resistance genes in the biosynthetic gene clusters of natural products
(Biosynthetic core genes, self-resistance genes and other related genes are shown in blue, red and grey, respectively.)
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synthetase SB-203208, which functions as a core enzyme (purple) encoded by the biosynthetic gene.
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Fig. 8 Discovery of new antibiotics guided by the resistance gene phylogeny

(Among 71 BGCs for the biosynthesis of glycopeptides, the self-resistance determinants of complestatin and corbomycin are different from the

known determinants vanY and vanHAX in the phylogeny.)
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