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Carbon efficiency and food security
dictate that a substantial replacement
of current petrochemical production
by industrial biotechnology should be
based on crude plant biomass hydrolysates as feedstocks rather than on
refined, food-grade carbohydrates.
The presence of acetylated polymers in
Phenotypic intraspecies diversity of S. cerevisiae
with regard to acetic acid tolerance. Swinnen et al
these crude hydrolysates implies that
(2014) in FEMS Yeast Research.
the acetic acid tolerance of industrial
microorganisms is and will remain a
key issue in the implementation of sustainable, non-food feedstocks in industrial
biotechnology. The yeast Saccharomyces cerevisiae is one of the most important
microorganisms in industrial biotechnology. In addition to bioethanol production, large industrial research programs now seek to develop S. cerevisiae for bulk
production of isoprenoids, succinic acid and isobutanol. Improved understanding of acetic acid tolerance was and is urgent, since the first full-scale factories
for yeast-based production processes from lignocellulosic feedstocks are currently
starting up. However, tolerance to acetic acid, especially at low pH, is multifactorial in nature.
To address this complexity, our complementary consortium integrated classical genetic mapping, comparative genomics, genome-wide expression analysis,
evolutionary engineering and global
transcription machinery engineering with targeted genetic modification, with the aim to understand and
rationally improve acetic tolerance in
S. cerevisiae.
The integrated approach in this
project resulted in:
• Successful identification of natural
tolerant yeast isolates. Additionally,
methods were developed to facilitate
the identification of causative genetic differences.
Saccharomyces cerevisiae. Photo by Mark Bisschops
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• Identification of the fraction of
cells that resume growth after acetic
acid addition as an important straindependent parameter in acetic acid
tolerance. The most visible result of
this is variation in the latency phase
at the start of fermentations, thereby
directly impacting process economy.
• Comprehensive analysis of the physiological response of Saccharomyces
cerevisiae to acetic acid stress. These
analyses solidified the importance of
the transcriptional regulator Haa1.
Additionally, regulators of proton
and Na+/K+ homeostasis were identified as key targets. These and other
targets can be used to improve acetic
acid tolerance through metabolic
engineering.
Role of Haa1 and the Haa1-regulon in yeast response and resistance to acetic acid.
Teixeira et al. (2014) Nucleic Acids Research

• Protocols to induce acetic acid
tolerance in yeast strains. The presence of (low levels of ) acetic acid to seed trains can induce acetic-acid tolerance
prior to inoculation of production bioreactors.
• Evolutionary engineering strategies to obtain constitutively tolerant yeast strains. Besides directly resulting in
strains with improved phenotypes, reverse metabolic engineering resulted in gene targets for metabolic engineering. The results of this project are disseminated through scientific publications, conference presentations, the
employment of project personnel by biotechnological industries and direct interaction with industrial scientists.
The industrial implementation of these results can improve the robustness and sustainability of processes based on
lignocellulosic feedstocks.
The results from the INTACT project also impact the research methods used to study tolerance in Saccharomyces
cerevisiae and other microorganisms. Wild isolates with improved tolerance phenotypes, not necessarily limited to
acetic acid, can of course be directly used as industrial hosts. Where in the past the accessibility to genetic modification often provided a hurdle for this, the revolutionizing developments in yeast molecular biology are rapidly eliminating this limitation. Additionally, developments in whole-genome sequencing, especially when combined with
classical genetics, can be used to identify the molecular mechanisms underlying industrially relevant phenotypes.
Also the observation that the fraction of cells that start growing is essential for acetic acid tolerance in S. cerevisiae
has implications that go beyond this project. When investigating robustness or tolerance to process conditions,
inhibitors or products screening platforms should provide information at the single cell level. This information
can be used to adjust the design of evolutionary engineering strategies to obtain constitutively robust biocatalysts.

‘The ERA-IB INTACT project brought together the complimentary expertise of international
research groups in a collaborative effort to improve the understanding of acetic-acid tolerance
in the important industrial microorganism Saccharomyces cerevisiae. Consequently, the INTACT
project resulted in wild or engineered yeast strains with improved acetic acid tolerance and
protocols to induce robustness or evolve constitutive robustness. The end of this project coincides
with the commercial realization of first full-scale factories for yeast-based production processes
from lignocellulosic feedstocks. This makes the results as relevant for the sustainable production
of fuels and chemicals as envisioned at the start of the project.’

www.era-ib.net

