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Engineering robust yeast cell factories for consolidated bioprocessing

Abstract

The sustainable production of second-generation bioethanol from 
lignocellulosic biomass (LCB) requires microbial platforms capable of 
efficient sugar utilisation, high-level enzyme production, and resilience 
under industrial conditions. This work presents an integrated approach to 
engineering Saccharomyces cerevisiae as a robust chassis for consolidated 
bioprocessing (CBP), enabling the direct conversion of complex biomass 
into ethanol.

We demonstrate that careful optimisation of gene expression systems—
particularly promoter selection tailored to environmental and protein-specific 
contexts—can significantly enhance heterologous enzyme production and 
CBP performance. Building on this, natural yeast isolates were developed 
as superior industrial hosts through the introduction of xylose utilisation 
pathways, transporter systems, and adaptive laboratory evolution, resulting 
in strains capable of efficient co-utilisation of xylose and xylan with among 
the highest reported ethanol titres from polymeric substrates.

Further improvements in biomass conversion were achieved through 
strategic design of enzyme expression systems, where cell-tethered 
cellulase configurations outperformed free enzyme systems in both 
hydrolytic efficiency and fermentation performance. These designs also 
conferred enhanced cellular robustness under process-relevant stresses, 
highlighting the importance of expression architecture in strain engineering.

Finally, addressing a key industrial bottleneck, we explored green-
synthesised silver nanoparticles as an alternative to antibiotics for 
controlling bacterial contamination during fermentation. These nanoparticles 
selectively inhibited lactic acid bacteria while maintaining yeast 
performance, leading to improved ethanol yields in non-sterile processes.

Collectively, this work advances the development of industrial yeast strains 
that integrate efficient substrate utilisation, high enzyme productivity, and 
process robustness, bringing the realisation of economically viable CBP for 
lignocellulosic bioethanol production closer to reality.
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