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Identification of the E3 ligase that directs the degradation of
proteins that control cell fate decisions in yeast

Abstract

The ubiquitin—proteasome system (UPS)
and autophagy pathways are distinct, highly
conserved proteolytic systems that play
important roles in maintaining cellular
homeostasis in response to environmental
cues [1]. The goal of this project is to
identify the E3 ligase that mediates the
degradation of cyclin C following nitrogen
starvation In vyeast using quantitative
Western blot analysis of cyclin C-myc
following nitrogen starvation in mutants of
known Ubc4/5 interacting E3 ligases. No
potential E3 ligases were identified as stable
after 4 hours of nitrogen starvation
suggesting redundancy in function.

Table 1. Partial list of E3 ligases
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Introduction

Following nutrient depletion, autophagy in S. cerevisiae is predominantly upregulated and cells enter a
quiescent state until nutrients become available again. However, autophagy is also upregulated
following oxidative stress which evokes a cell death response. It remains unknown how cells translate
these different environmental cues into cell fate decisions but work from mammalian systems has
revealed that mitochondrial morphology is likely to play a key role. Here starvation induces
mitochondria to become hyperfused and this promotes survival [2, 3]. In contrast, following oxidative
stress, the mitochondria fragment and this is dependent upon the nuclear translocation of cyclin C,
which is a member of the conserved Cdk8 kinase module (CKM) of the mediator complex [4]. Cell
death ensues which is promoted by cyclin C dependent mitochondrial fragmentation [4]. Cyclin C is
destroved by a novel mechanism that sequentially utilizes the ubiquitin proteasome system (UPS) and
the macro-autophagy machinery. In short, cyclin C is initially delivered to nuclear proteasomes but
once the proteasomes are themselves targeted by proteaphagy [5-8] cyclin C co-translocates out of
the nucleus captured within targeted proteasomes in autophagosomes. This promotes cell survival by
preventing the translocation of cyclin C translocation to the mitochondria, thus circumnavigating the
aberrant activation of a cell death response to a survival signal [9].

Methods and Materials

A literature search was performed to identify possible E3 ligases, which could degrade cyclin following
nitrogen starvation. 111 possible proteins were identified and they were split into testing groups (Table
1). In short, mutants with known E3 ligase, E2 interactivity, or a RING motif were designated high
priority whereas putative E3 ligases were tested designated low priority. To test if the ligases were
responsible for the degradation of cyclin C null mutants of these ligases (from the Res. Gen collection)
and a wild type control were transformed with a functional cyclin C-myc construct. Cells were grown
in replete media (T=0) to mid —log, washed and then starved for nitrogen for 4 h. Protein extracts were
made and cyclin C myc visualized using quantitative Western blot analysis. The blots were stripped and
reprobed for Pgki as a total protein control.

Figure 2. Representative Western blot analysis of cyclin C-myc
degradation observed in the putative E3 ligase mutants.
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Figure 1. Roles of cyclin Cin cell fate decisions related to stress.
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After testing all 111 potential E3 ligases, no
known potential E3 ligases were found to be
stable after 4 hours of nitrogen starvation.
All samples were degraded after nitrogen
starvation. One example is shown in Figure

H '._\

This suggests a redundancy in that the
E3 function may not be fulfilled by a
single ligase, rather there are multiple
ligases responsible for the degradation
of cyclin C in nitrogen starvation.

Future Directions

Dr. Cooper’s group will continue to map
out the pathway of cyclin C degradation.
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