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Lignocellulose is one of the most abundant renewable feedstock on the planet and thus a desirable
biomass for bio based microbial processes. However, the utilization of lignocellulosic biomasses
require a pretreatment phase for the release of fermentable carbon sources. Simultaneously, a broad
range of microbial inhibitors, among which weak organic acids (WOAs), are also released. WOAs enter
in the cell by simple diffusion, especially at low pH, and once inside the cell, at the cytosolic pH, they
dissociate into proton and the corresponding anion. The accumulation of both protons and anions
inside the cell compromises metabolism and can even cause growth arrest. Formic acid is one of the
main WOAs released from lignocellulosic biomasses at concentrations around 1.5 g/L. Despite it is not
the most abundant WOA, its small molecular size results in a higher toxicity to the cells compared to
other longer WOAs. At the same time, WOAs, such as lactic acid, can also be products of interest
obtained from microbial factories to be used in several industrial sectors: food and beverage,
cosmetics, pharmaceutics, chemicals. Therefore, controlling the cellular inward/outward flux of WOAs
is crucial for the development of more efficient cell factories.

Plasma membrane plays a pivotal role in this process acting as a selective gate and changing its
composition in response to the presence of different WOAs and to the consequent stress. Therefore,
plasma membrane engineering has been envisaged as a strategy to increase the cell performance
towards WOAs. Since Saccharomyces cerevisiae is widely used as a cell factory for the production of
numerous compounds starting from renewable feedstocks, here we evaluate the capacity of a wild
type strain and of a strain engineered for the production of lactic acid to cope with the stress caused
by formic acid alone or in combination with the lactic acid produced. Furthermore, to increase the
strain(s) robustness, we are evoking a membrane rewiring using a global transcription machinery
engineering approach, focusing on the modulation of the transcription factor (TF) ECM22, involved in
the regulation of ergosterol biosynthesis. Our data suggest that the deletion of ECM22 has a positive
impact on yeast robustness in the presence of formic acid. We will illustrate how the increased
robustness correlates with a rearrangement of the plasma membrane composition and function, in
terms of lipids and proteins and how this can impact lactic acid production.
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