Identification of pyrrole-2-carboxylic acid from Lysobacter involved in interactions with the fusarial fungi
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The Gram-negative bacteria Lysobacter are prolific producers of antibiotic products, making them an emerging group of biocontrol agents, especially for agricultural pathogens. As a part of the soil microbiome, Lysobacter species co-exist with a variety of organisms in the ecosystem, such as fungi, nematodes, and other bacteria. Lysobacter are known for their predatory behavior, which is linked to their production of lytic and several other extracellular enzymes. Despite their potential, little is known about the molecular mechanisms underlying the interactions between Lysobacter and other organisms. Therefore, here we studied the interactions between Lysobacter sp. 3655 and two economically important fungal pathogens, Fusarium graminearum and Fusarium verticillioides. A co-culture technique employing a dialysis tubing membrane was implemented to physically separate the two organisms.
We discovered a Lysobacter metabolite that is dramatically suppressed when co-cultured with fungi, and the structure of this molecule was determined to be pyrrole-2-carboxylic acid (P2C). We found that chitin, the N-acetylglucosamine polymer that makes up the fungal cell walls, also significantly reduced P2C production in Lysobacter. Further evidence indicated that P2C was converted into proline, a well-known stress modulator that enables the producing organisms to tolerate stress (e.g. fungi and chitin as biotic and abiotic stress factors for Lysobacter) and activate self-regulatory mechanisms. When exogenously added to bacterial cultures, P2C inhibited bacterial growth only in a specific concentration range, implying that P2C could function as a signaling molecule. This was supported by P2C’s effect on the production of another group of natural products, heat stable antifungal factor (HSAF) and analogs in Lysobacter enzymogenes OH11, in which P2C clearly suppressed the antifungal compounds. This is an indication of P2C acting as a negative regulatory molecule.

Together, the results unveil P2C as a new signal involved in the crosstalk between the environmental bacteria Lysobacter and the surrounding fungal species. 

