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Mitochondria play a critical role in many cell regulatory and signaling events, well beyond their
established role as a cell powerhouse (Goldenthal & Marin-Garcia, 2004). When faced with
stressful conditions, mitochondria are found to be important determinants of cell destiny. The role
of mitochondria in apoptosis has been well studied, and it has been shown that complex
mitochondrial features, such as release of pro-apoptotic proteins, mitochondrial fragmentation and
loss of membrane potential, crucial for programmed cell death (PCD) execution in mammals are
present and functional in yeast (Eisenberg, ef al., 2007) (Guaragnella, et al., 2012). In our model
system, consisting of glucose-grown yeast cells, in which PCD is induced with acetic acid (AA),
mitochondria are shown to gradually lose its function en route to AA-PCD, as shown by respiratory
control ratio (RCR) decrease and loss of cytochrome ¢ oxidase activity (Guaragnella, et al., 2011).
However, it is not known whether and how a modification of mitochondrial metabolism could
somehow influence AA-PCD occurrence and/or change cell sensitivity to an apoptotic stimulus.

Glucose is a fermentable carbon source responsible for down-regulation of respiration, while
raffinose is a poorly fermentative carbon source in which respiration is derepressed (Randez-Gil, et
al., 1998). We found that, when raffinose is used as a sole carbon source, yeast cells become
resistant to the same acetic acid treatment that causes PCD in glucose grown cells, in a manner
mostly dependent on the retrograde (RTG) pathway activation (Guaragnella, et al., 2013). RTG
signaling pathway is mitochondria to nucleus communication pathway that enables cells to adapt to
mitochondrial dysfunction by reprogramming a set of nuclear genes involved in anaplerotic
pathways and concomitant metabolic reprogramming. Yeast RTG signaling has been characterized
in details (Liu & Butow, 2006) and it has been shown to be linked to aging, mtDNA maintenance,
TOR signaling and nutrient sensing pathways. Ras/cAMP/PKA is nutrient signaling pathway
involved in the control of cell growth and proliferation and the induction of stress responses
(Reinders, et al., 1998), and the links between Ras and mitochondrial function have been shown in
yeast, thus making this pathway a good candidate to integrate environmental signaling with
mitochondrial regulation (Leadsham & Gourlay, 2010).

In Prof. Gourlay’s laboratory it has been demonstrated that dysfunctional mitochondria activate Ras
upon their outer membrane, which triggers a series of pro-cell-death signaling events (Leadsham, et
al., 2013). Active GTP-bound Ras visualization was made using an RBD-GFP reporter in live cells.
Ras2 is known to be a positive regulator of the RTG pathway (Kirchman, ef al., 1999), but the
interaction between these two pathways is largely unexplored (Jazwinski & Kriete, 2012). During
Dr Zdraleviz stay at the University of Kent the same reporter plasmid pYX212 RBDx3-GFP was
used to transform W303-1B wt and mutant strains lacking R7G2, in order to study the Ras
dynamics in our experimental model. We found that active Ras protein is found predominantly in
nucleus and plasma membrane in glucose- and raffinose-grown wt cells, both at pH 7 and pH 3, but,
interestingly, it is found in mitochondria in Artg2 cells grown in raffinose.

To study the interaction between RTG and TOR signaling pathways in mitochondrial stress
response, a preliminary screening of a mini-library of TOR deletion strains for the expression of
CIT2, a prototypical retrograde target gene, was performed. An in vivo B-galactosidase agar-plate
assay was used to screen a mini-library of 32 selected BY4741 yeast deletion strains lacking genes



involved in TOR signaling pathway for CIT2 expression. To this aim, the library was transformed
with pBL101 pCIT2-lacZ reporter plasmid, in which expression of the lacZ reporter gene is under
control of the CIT2 promoter. Results of TOR deletions screening both on SC glucose and SC
raffinose plates are given in the following figure:

SC Glucose + X-Gal SC Raffinose + X-Gal

Blue colonies indicate positive reaction, i.e. those are the strains in which RTG-dependent CI72
expression is detected. White colonies, such as Aego3, Askol, Asit4, Ahogl and Arim1 indicate that
these genes are involved in the regulation of CIT2 expression. Further investigation is needed to
better understand the involvement of these genes in retrograde response to mitochondrial
dysfunction. In a case of strains like Aatgl3, which show more intense staining than wt, quantitative
analysis of B-galactosidase activity is needed to assess hyperactivation of CI/72 expression.



With the aim of studying the involvement of mitochondrial function in yeast cell response to acetic
acid treatment, oxygen consumption measurements on intact cells grown in different carbon sources
and at different pH were performed. By using Oxygraph-2 k system (Oroboros, Innsbruck, Austria)
for high-resolution respirometry it was found that W303-1B wt cells, grown in glucose or in
raffinose, show active mitochondrial respiration, both at pH 7, and at pH 3, a condition in which we
have observed an activation of retrograde response in raffinose-grown cells. As expected, due to
their glycolytic metabolism, glucose-grown cells take up oxygen less effectively than raffinose-
grown cells, with RCR ratios being 2 and 1,8, respectively. After shift to pH 3, RCRs were 1,8 and
2, in glucose- and raffinose-grown cells, respectively. In any case, FCCP addition resulted in an
increase of the oxygen consumption, and Antimycin A inhibited the respiration completely.
Technical and operational skills acquired during Dr Zdralevié stay in Caterbury will be of a benefit
in the performing these bioenergetic studies at IBBE which has recently acquired the Oxygraph-2 k
system.

Data obtained during Dr Zdralevi¢ stay at the University of Kent will form a basis for future
collaboration projects between the IBBE and the University of Kent aimed at studying the
interaction between different signaling pathways involved in yeast AA-PCD resistance mechanism
and in stress response.

References

Eisenberg T, Buttner S, Kroemer G & Madeo F (2007) The mitochondrial pathway in yeast
apoptosis. Apoptosis 12: 1011-1023.

Goldenthal MJ & Marin-Garcia J (2004) Mitochondrial signaling pathways: a receiver/integrator
organelle. Mol Cell Biochem 262: 1-16.

Guaragnella N, Antonacci L, Passarella S, Marra E & Giannattasio S (2011) Achievements and
perspectives in yeast acetic acid-induced programmed cell death pathways. Biochem Soc Trans 39:
1538-1543.

Guaragnella N, Zdralevic M, Antonacci L, Passarella S, Marra E & Giannattasio S (2012) The role
of mitochondria in yeast programmed cell death. Front Oncol 2: 70.

Guaragnella N, Zdralevic M, Lattanzio P, ef al. (2013) Yeast growth in raffinose results in
resistance to acetic-acid induced programmed cell death mostly due to the activation of the
mitochondrial retrograde pathway. Biochim Biophys Acta 1833: 2765-2774.

Jazwinski SM & Kriete A (2012) The yeast retrograde response as a model of intracellular signaling
of mitochondrial dysfunction. Front Physiol 3: 139.

Kirchman PA, Kim S, Lai CY & Jazwinski SM (1999) Interorganelle signaling is a determinant of
longevity in Saccharomyces cerevisiae. Genetics 152: 179-190.

Leadsham JE & Gourlay CW (2010) cAMP/PK A signaling balances respiratory activity with
mitochondria dependent apoptosis via transcriptional regulation. BMC Cell Biol 11: 92.

Leadsham JE, Sanders G, Giannaki S, ef al. (2013) Loss of cytochrome ¢ oxidase promotes RAS-
dependent ROS production from the ER resident NADPH oxidase, Ynolp, in yeast. Cell Metab 18:
279-286.

Liu Z & Butow RA (2006) Mitochondrial retrograde signaling. Annu Rev Genet 40: 159-185.
Randez-Gil F, Sanz P, Entian KD & Prieto JA (1998) Carbon source-dependent phosphorylation of
hexokinase PII and its role in the glucose-signaling response in yeast. Mol Cell Biol 18: 2940-2948.
Reinders A, Burckert N, Boller T, Wiemken A & De Virgilio C (1998) Saccharomyces cerevisiae
cAMP-dependent protein kinase controls entry into stationary phase through the Rim15p protein
kinase. Genes Dev 12: 2943-2955.

S /.
Bari, November 6™ 2013 J\,(a(i ¢ Z& falois






