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Abstract
Background: Precision fermentation represents a transformative approach for producing functional proteins for food and nutrition applications. Pichia pastoris (Komagataella phaffii) is a proven microbial host due to its capacity for high-density cultivation, eukaryotic post-translational modifications, and established food-grade safety. However, secretion of complex recombinant proteins remains a significant bottleneck, as endoplasmic reticulum (ER) quality control and downstream trafficking frequently limit yields to levels below commercially viable levels.
Approach: An integrated P. pastoris expression platform is being developed that incorporates three complementary engineering strategies. First, a universal helper strain is constructed in the OPENPichia (1) MUTs background through MoClo-based stable integration of HAC1i (constitutive unfolded protein response activation) and Kar2p/BiP (ER chaperone overexpression) to enhance folding capacity. Second, vesicular trafficking is co-engineered by overexpressing selected COPI and COPII components to alleviate post-ER bottlenecks. Third, the architectures of secretion signals are evaluated, including Ost1 pre-region/α-factor pro-region hybrids and engineered signal peptide variants, to improve targeting and processing of non-native substrates specific to each expressed protein.
Significance: The proposed platform seeks to address the challenges associated with producing diverse recombinant proteins through precision fermentation, which is relevant to the advancement of future food and nutrition ingredients. Ongoing work will inform broader applications of precision fermentation in food science and contribute generalisable tools for the field.


Reference:
1. Claes, K., Van Herpe, D., Vanluchene, R., Roels, C., Van Moer, B., Wyseure, E., Vandewalle, K., Eeckhaut, H., Yilmaz, S., Vanmarcke, S., Çıtak, E., Fijalkowska, D., Grootaert, H., Lonigro, C., Meuris, L., Michielsen, G., Naessens, J., Van Schie, L., De Rycke, R., . . . Callewaert, N. (2024). OPENPichia: Licence-free Komagataella phaffii chassis strains and toolkit for protein expression. Nature Microbiology, 9(3), 864-876. https://doi.org/10.1038/s41564-023-01574-w

