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Figure 4.4 Tra1 is not sequestered into polyQ inclusion bodies.  
(A) Tra1 remains localized to the nucleus in the presence of polyQ aggregates. 
Fluorescent images showing localization of GAL1-inducible polyQ-ymsfGFP (25 and 
72Q) and yemRFP-Tra1 after overnight culture in glucose (control) or galactose 
(polyQ induced). (B) Pull-down assay using Ada2TAP shows that Tra1 still 
incorporates into SAGA in presence of GAL1-inducible 72Q-ymsfGFP. However, 
levels of Ngg1 and Spt7 are reduced upon expression of 72Q-ymsfGFP.  
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Figure 4.5 TRA1 expression is increased in presence of toxic polyQ expansions. 
 (A) Increased expression of TRA1 and other SAGA (NGG1, SPT7) and NuA4 
(EAF1) components as well as the control NCW2 after overnight induction of GAL1-
inducible 72Q-CFP compared to 25Q-CFP.  Expression was analyzed using 
promoter-LacZ reporters. **p<0.005, ***p<0.001 n=3±SEM (B) Treatment with the 
HDAC inhibitor trichostatin A (TSA) abolished TRA1 upregulation caused by polyQ 
expansions. GAL1-inducible 25 and 72Q-CFP were induced overnight in galactose 
media in presence or absence of 80 µM TSA.  (C) Overnight expression of GAL1-
inducible 72Q-CFP leads to increased expression of TRA1 as measured by qRT-PCR. 
(D) Expanded polyQ increases Tra1 protein abundance. Cells expressing 
eitherGAL1-inducible 25 or 72Q-CFP and a chromosomally integrated Tra15x-Flag 
were cultured in glucose or induced overnight in galactose and processed for 
immunoblot. (E) Effects of other stressors on TRA1 expression. Cells expressing the 
TRA1-LacZ reporter were treated with tunicamycin (Tm; 5 µg/ml), heat shocked at 
42 °C, treated with calcofluor white (CFW; 300 µg/ml) or H2O2 (300 µM) for 2 hr. 
n=3 ±SEM.  (F) Expression of α-synuclein decreased TRA1 expression. Cells 
expressing a galactose inducible version of α-synuclein-GFP were cultured in either 
glucose or galactose overnight and TRA1 expression was measured using a LacZ 
reporter. n=3.  
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 Both inhibition and hyperactivation of TORC1 exacerbate 
polyQ toxicity 

Our previous genetic screen highlighted a potential role for Tra1 in stress responses 

(Hoke et al., 2008), including the control of cellular homeostasis by the TORC1 (Target 

of Rapamycin Complex 1) regulated signaling cascades that link nutrient availability to 

cell growth and division. In this screen, a tra1 mutant displayed a synthetic slow growth 

phenotype with a deletion of tor1 (Hoke et al., 2008). Studies in mammalian cells report 

both a protective and adverse role for TORC1 in HD (Ferrarelli, 2015; Lee et al., 2015; 

Pryor et al., 2014; Ravikumar et al., 2002; Ravikumar et al., 2004; Renna et al., 2010). 

We therefore tested the effect of modulating TORC1 activity on polyQ toxicity in yeast. 

First, we determined the effects of TORC1 inhibition using rapamycin (Figure 4.6A and 

B). We found that rapamycin treatment significantly reduced growth of cells expressing 

expanded 103Q protein in both solid and liquid media assays when compared to the 

untreated condition. Interestingly, rapamycin treatment did not significantly alter polyQ 

aggregation (Figure 4.6C). This result argues against a protective role for TORC1 

inhibition by rapamycin through stimulating polyQ aggregates removal through 

autophagy (Ravikumar et al., 2002). Similar to rapamycin, a hyperactive allele of TOR1 

(TOR1L2134M) (Takahara and Maeda, 2012) also exacerbated polyQ toxicity (Figure 4.6D 

and E). The TOR1 mutant had only a modest effect on the toxicity of TDP-43 

(Supplemental Figure 4.4), a protein linked to amyotrophic lateral sclerosis (ALS) 

(Johnson et al., 2008), indicating that the role of TORC1 may diverge in different 

diseases. TORC1 hyperactivation did not prevent the formation of polyQ aggregates 

(Figure 4.6F).  These data indicate that precise regulation of TORC1 signaling is crucial 

for cells to cope with polyQ expansion. Interestingly, the same hyperactive TOR1 mutant 

decreases levels of glutathione (Oku et al., 2013), which is important to counteract ROS 

accumulation in HD models (Mason et al., 2013). TORC1 regulates translation and 

ribosome biogenesis in both yeast and mammals and decreased translation has been 

proposed as a contributor to polyQ toxicity in mammals (Leitman et al., 2014). 

Incidentally, cells expressing 72Q displayed increased sensitivity to the translational 

inhibitor cycloheximide (Figure 4.7A and B) and decreased expression of ribosomal 

protein genes (Figure 4.7C) when compared to 25Q, further supporting a role for TORC1 
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signaling in polyQ toxicity. Therefore, we next investigated the role of downstream 

TORC1 effectors in polyQ toxicity.  
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Figure 4.6 Both inhibition and hyperactivation of TORC1 exacerbate polyQ 
toxicity.  

 

 

 

 

 


