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In the yeast Saccharomyces cerevisiae, the transcription factor Msn2 plays an essential role
in response to a variety of environmental stresses by activating the transcription of many genes
that contain the stress-responsive elements in the promoters. It was previously reported that
overexpression of the MSN2 gene confers tolerance to several stresses on S. cerevisiae.
Previous studies also indicate that intracellular amino acids, such as proline, could act as key
protectants against various stresses. However, it is unknown whether Msn2 is involved in
amino acid homeostasis in S. cerevisiae. In this study the applicant focused on the role of Msn2
in the incorporation of amino acids as a global stress response mechanism in S. cerevisiae.

First, MSN2-overexpressing (MSN2-OE) cells showed higher sensitivity to a toxic proline
analogue, azetidine-2-carboxylic acid (AZC), and the other amino acid toxic analogues than
wild-type cells. Overexpression of MSN2 increased the intracellular content of AZC,
suggesting that Msn2 positively regulates the uptake of proline. Among the proline permease
genes, GNP was shown to play a predominant role in the AZC toxicity. Based on qRT-PCR
and Western blot analyses, the overexpression of MSN2 did not induce the transcript levels of
GNPI or the other proline permease genes, while the Gnpl protein level was markedly
increased in MSN2-OE cells. Microscopic observation suggested that the endocytic degradation
of Gnpl was impaired in MSN2-OE cells. These results sheds light on a novel link between the
Msn2-mediated stress response and the amino acid homeostasis in S. cerevisiae.

Next, the applicant found that overexpression of MSN2 increased ubiquitinated protein
levels with reduced free ubiquitin. Among deubiquitinating enzymes (DUBs), it was revealed
that the loss of Ubp6 depleted the free ubiquitin level and decreased tolefance to the toxic
amino acid analogues. The overexpression of UBP6 in MSN2-OE cells partially complemented
the impaired tolerance towards the toxic amino acid analogues. Both protein level and
plasma-membrane localization of Gnpl were increased in ubp6-deleted cells, as shown in
MSN2-overexpressing cells. These results raised two possibilities that 1) the excess Msn2
impairs endocytic degradation of Gnp1 through dysfunction of DUBs and ii) the excess Ubp6
may function to enhance the degradation of misfolded proteins in the Msn2-independent
manner. In conclusion, this study revealed a novel role of Msn2 on the control of intracellular
uptake of amino acids, focusing on the stress-protective effects of amino acids, such as proline.
Together with the known effects of Msn2, such as upregulation of antioxidant enzyme genes,
" Msn2-mediated uptake of amino acids contributes to global stress responses, which guarantee a

unicellular microorganism S. cerevisiae to adapt against various environmental changes.
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