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Abstract

The NADase Sarml has emerged as an important modulator of programmed axonal
degeneration over the past decade but it's mode of activation within the cell is not clearly
understood. Sarm1 is predominantly expressed in the neurons, kidney and liver but the non-
neuronal regulation of Sarml remains relatively unexplored. Here we demonstrate that
treatment of the human embryonic kidney cell line HEK293 cells with the mitochondrial
complex | inhibitor rotenone, induced early loss of NAD" that preceded induction of Sarm1, a
primary mediator of rotenone induced cell death. Interestingly, replenishing NAD" levels by
PARP inhibition, a major NAD* consumer within the cell, not only restored mitochondrial
homeostasis but also prevented subsequent Sarm1 induction by rotenone. These early changes
were further marked by a distinct subcellular localization pattern of Sarm1 in the nucleus and
the mitochondria that was accompanied by significantly reduced cell death. Taken together,
our study provides the first preliminary evidence of temporal regulation of endogenous Sarm1
by fluctuating NAD" levels induced by rotenone that may act as a “biological trigger” of Sarm1
activation. This also points towards an important understanding on how PARP inhibitors like
PJ34 could be repurposed in the treatment of Sarml mediated mitochondrial deficiency

disorders.
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Introduction

Mitochondrial Complex | deficiency has been reported in a number of diseases with
mitochondrial disorders and has been strongly linked to patients with Parkinson’s disease (PD)
(Schapira et al., 1990; Keeney et al., 2006; Distelmaier et al., 2009). Rotenone, a lipophilic
insecticide, has been shown to be a potent inhibitor of mitochondrial complex | (Ueno et al.,
1996; Li et al., 2003). Several studies have indicated that rotenone mediated cell death is
associated with mitochondrial depolarization, DNA damage and ROS formation that
corroborates with similar observation in other mitochondrial complex | deficiency disorders
(Tada-Oikawa et al., 2003; Tsujimoto and Shimizu, 2007; Liu et al., 2016; Pal et al., 2014). So,
how this mitochondrial dysfunction induced by rotenone correlates with cell death? Our
previous study has indicated that the TLR adaptor protein Sarm1 plays a pivotal role in this
process as Sarm1 knockdown showed a significant reduction in rotenone induced cell death in
SH-SY5Y cells (Sur et al., 2018). Sarm1 is a NAD'-hydrolyzing enzyme that upon activation
causes loss of NAD" resulting in severe energy depletion within the axons with subsequent
induction of axonal degeneration (Gerdts et al., 2015; Summers et al., 2016; Essuman et al.,
2017). Although Sarml has emerged as an important regulator of programmed axonal
destruction, how the expression and subcellular localization of endogeneous Sarm1 is regulated
within the cell is not well defined till date. Further, the non-neuronal regulation of this protein
is understudied. Since Sarm1 and rotenone induced cell death seems to be intricately linked, we
envisioned that this may serve as an excellent cellular model to understand how this protein is

endogenously regulated during mitochondrial complex | deficiency disorders.
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In SH-SY5Y cells, Sarm1 was shown to be induced six hours post rotenone treatment and
this delayed induction could not be well explained (Sur et al., 2018). In a recent study, addition
of rotenone induced pathological axon degeneration and was accompanied by increase in
cADPR levels, an indicator of Sarm1 activation (Hughes et al., 2021) within 3 h of treatment.
Taken together, these studies strongly indicate that buildup of cellular stress following
rotenone treatment may act as an early ‘trigger’ of Sarm1 activation and removal of this trigger
may prevent Sarml induction and subsequent cell death. Hence the next pertinent question
was to decipher whether a single molecule or a cumulative phenomenon acted as a biological
trigger of Sarm1 activation within the cells.

Although the NADase Sarm1 has been shown to mediate rotenone induced cell death, it
is not known how NAD" levels are regulated upon rotenone treatment of cells and their role in
the regulation of mitochondrial homeostasis. Recent reports have emerged that indicates
NAD", an essential cellular co-factor, to be a key determinant of mitochondrial health and
homeostasis (Loreto et al., 2020; Hwang and Hwang, 2017) and decides cell fate by
participating in cell death networks like apoptosis, autophagy or parthanatos (Amjad et al.,
2021; Hsieh et al., 2020; Cantd, Menzies and Auwerx, 2015). Under situations of stress that
induces mitochondrial damage, a process termed ‘mitophagy’ is initiated to remove these
damaged organelles and restore cellular homeostasis. It has been suggested that accumulation
of damaged mitochondria arising due to incomplete clearance by mitophagy is associated with
rapid cell death in cells lacking a functional autophagy machinery (Ashrafi and Schwarz, 2013;
Scheibye-Knudsen et al.,, 2012). However, no evidence linking loss of NAD" function and

defective mitochondrial clearance by autophagy have emerged so far in the context of
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mitochondrial complex | inhibition mediated by rotenone. Studies on rotenone mediated
autophagy are inconclusive (Mader et al., 2012; Zeng et al., 2019) and it is unclear whether
defective mitochondrial clearance by mitophagy plays a determining role in rotenone induced
cell death. Cumulatively, these observations leads to the interesting speculation whether loss of
NAD® following rotenone treatment results in an incomplete clearance of dysfunctional
mitochondria by a defective autophagy machinery. This, in turn, may build up the cellular stress
leading to Sarm1 activation which may then act as the final trigger of rotenone-induced cell
death. Autophagy is one of the major sources of replenishing cellular energy levels following
stress (Guo et al., 2016; Singh and Cuervo, 2011) and a defective autophagy machinery may
lead to further energy depletion within these cells which may account for the time lag between
rotenone treatment and Sarm1 induction.

The two main classes of enzymes that are responsible for maintaining intracellular NAD"
pool are the NAD* consuming enzymes Sirtuins and PARPs (Verdin, 2015; Imai and Guarente,
2014). While the short-term activation of PARPs triggering a DNA damage response is
considered to be crucial for maintaining cellular homeostasis, prolonged activation of PARPs
causes rapid degradation of NAD" and eventual cell death (Mashimo et al., 2021; Komulainen et
al., 2021). We show here for the first time that rotenone treatment resulted in an early loss of
NAD" that may act as the ‘biological trigger’ of Sarm1 activation and subsequent cell death.
This NAD" loss was accompanied by early mitochondrial dysfunction and a defective autophagic
flux that was followed by Sarm1 induction. Interestingly, replenishing NAD" levels by pre-
incubation of cells with the PARP inhibitor PJ34 restored cellular NAD" levels and significantly

reduced Sarml-induced cell death. To obtain a generalized overview of rotenone-mediated
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100  Sarm1l regulation, we have primarily conducted our study in the HEK293 cell line which was
101  shown to express endogeneous Sarml (Carlsson, Ding and Byrne, 2016) and compared the
102  results with the neuronal SH-SY5Y cell lines. To further test our hypothesis, we extended out
103 finding in a previously established rotenone model of Drosophila and our results showed
104 reversal of rotenone-induced locomotor deficits in the presence of another PARP inhibitor
105  Olaparib in the flies. Thus, results generated from this study not only provides the first evidence
106  of regulation of endogeneous Sarm1l by fluctuating NAD" levels but may also open up the
107  exciting opportunity of repurposing PARP inhibitors in the treatment of Sarml-induced
108  pathological conditions and mitochondrial complex | deficiency disorders.

109

110  Results

111  Rotenone induced cell death in HEK293, 3T3 cells and SH-SY5Y cells in a dose and time
112  dependent manner that was independent of caspase-3 activation

113 Mitochondrial complex | is the first point of entry of electrons to the electron transport
114  chain and its inhibition has been implicated in different pathological conditions like PD (Perales-
115  Clemente et al., 2010). Here we attempted to gain a comprehensive mechanistic insight in
116  rotenone-mediated cell death in two routinely used non neuronal cell lines HEK-293 and NIH
117  3T3 cells and compared the results with the neuronal cell line SH-SY5Y. Our results indicate that
118 rotenone induced cell death in a dose and time-dependent manner in both HEK-293 and 3T3
119  cells (Fig. 1 A and B). However, a several fold higher dose (50 uM) was required in 3T3 cells
120 compared to HEK-293 cells where almost 40% cell death was achieved at a dose as low as 500

121 nMin 24 h. In comparison to the HEK293 cells, in the neuronal cell line SH-SY5Y, a dose of 5 uM
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122 (10 times higher dose) could induce 30-40% cell death in these cells at 24 h (Fig. 1C) that led to
123 retraction of the cellular processes at 24 h post treatment (Fig. 1D). Due to its greater
124  susceptibility to mitochondrial complex | inhibition, we further evaluated the status of
125  apoptosis in HEK293 cells following rotenone treatment. Rotenone treatment in HEK293 cells
126  resulted in caspase-3 activation as indicated by increased accumulation of active caspase-3 in
127  the cells treated with 500 nM of rotenone (Fig. 1E). However, contrary to our expectation, prior
128  incubation with the PAN caspase inhibitor Z-VAD-FMK followed by rotenone treatment did not
129  reverse rotenone-induced cell death (Fig. 1F) indicating that caspase activation is not the sole
130  factor driving rotenone induced cell death which prompted us to perform an in-depth analysis
131  of the underlying mechanism leading to rotenone induced cell death in HEK293 cells and
132  compared it to the neuronal SH-SY5Y cells.

133

134  Rotenone induced cell death is accompanied by mitochondrial dysfunction but is
135 independent of ROS production in HEK293 cells

136 Cytochrome c released from damaged or leaky mitochondria stimulates the cleavage of
137  caspase-3 to its active form (Ott et al., 2002). Since we observed caspase-3 activation we
138  undertook a detailed analysis of mitochondrial status following rotenone treatment. Although
139  apoptosis was induced at a later time point (24 h) in HEK293 cells, we observed mitochondrial
140 membrane depolarization in these cells as early as 4 h post-rotenone treatment as observed by
141  staining with the cell permeant dye, TMRM, that accumulates only in active mitochondria (Fig.
142  2A). Further, live staining with mitotracker green (that localizes to the mitochondria

143  irrespective of mitochondrial membrane potential) showed loss in mitochondrial puncta
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144  structure (as indicated by arrows) in rotenone treated cells but the mitochondria stained
145  brighter (Fig. 2B) compared to untreated controls which could be indicative of accumulation of
146  damaged mitochondria in these cells. It is well established that mitochondrial damage leads to
147  increased ROS production (Zorov, Juhaszova and Sollott, 2014) which causes further
148  mitochondrial damage that perpetuates ROS production in rotenone treated cells. Rotenone
149  has been shown to induce cellular ROS generation but the source of this ROS is not well defined
150 in HEK293 cells. Conforming to previous reports, we observed an increase in total ROS levels in
151  rotenone treated HEK-293 cells in a time-dependent manner (increased accumulation at 24 h)
152  and prior incubation with the anti-oxidant NAC significantly (P<0.001) reduced ROS generation
153  both at 6 and 24 h post treatment (Fig. 2C) in these cells. To understand the source of ROS in
154  these cells, we further analyzed the status of mitochondrial ROS and observed an increase in
155  mitochondrial ROS levels as indicated by increased Mitosox staining following rotenone
156  treatment (Fig. 2D) as early as 4 h post-treatment. Interestingly, although there was heightened
157  ROS production following rotenone treatment, rotenone mediated cell death was independent
158  of ROS production as prior incubation with NAC did not significantly (P value 0.1) reversed the
159  ongoing cell death process in HEK293 cells (Fig. 2E). This strongly indicates that heightened ROS
160  production may be the effect of accumulation of damaged mitochondria and may not be the
161  sole driver of rotenone induced cell death.

162

163  Autophagy precedes apoptosis in rotenone treated cells but not completed due to reduced

164  autophagic flux
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165 Loss of mitochondrial membrane potential and accumulation of damaged mitochondria
166  that resulted in increased ROS production could be due to a defective mitochondrial turnover
167  via autophagy. To correlate mitochondrial dysfunction and increased ROS production in HEK293
168  cells, we were inclined to check the status of autophagy in these cells. Microtubule-associated
169  protein 1 light chain 3 B (LC3B) and p62/sequestosome 1 are two widely used autophagy
170  markers. Upon autophagic induction LC3B-I is converted into its lipidated LCB-Il form and p62
171  via its interaction with LC3B-II targets ubiquitinated substrates to the autophagosome (Pankiv
172 et al., 2007). Our results showed an increase in p62 accumulation (an indicator of defective
173 autophagic flux) in rotenone treated HEK293 cells as early as 4 h post-treatment (Fig. 3A) that
174  preceded induction of cell death via apoptosis (Fig. 3G). Co-staining with endogenous LC3B
175  showed higher nuclear LC3B staining in rotenone treated cells as compared to the control cells
176  and co-localization with p62 as indicated by arrows (Fig. 3A right panel). Rotenone treatment of
177  SH-SY5Y cells also indicated a defect in the autophagy machinery following rotenone treatment
178  as there was increased accumulation of p62 (red staining) in these cells (Fig. 3B). Western blot
179  analysis in these cells also confirmed increased LC3B degradation and accumulation of p62
180 alongwith increased levels of ATG7, a mediator of autophagosomal biogenesis which remained
181  high even at 24 h post treatment further indicating defect in the completion of the autophagic
182  process (Fig. 3C). We next sought to understand whether p62 accumulation following rotenone
183  treatment was due to decreased autophagosome-lysosome fusion or defect in autophagic flux.
184  For this, cells were transfected with the mCherry-GFP-LC3 plasmid and since GFP signal is lost
185  under the acidic environment of the lysosome, the mCherry positive cells confirms a functional

186  autophagic flux within the cells. Transfection with mCherry-GFP-LC3 showed increased
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187  accumulation of yellow puncta in rotenone treated cells as opposed to the red puncta (Fig. 3D)
188 indicating it is not autophagosome formation but rotenone induced a defect in autophagic flux.
189  Real time analysis of key autophagy genes revealed several fold higher induction of the early
190 autophagy genes (Atg) (Fig. 3E) as compared to the DMSO treated control cells but reduced
191  expression of the late autophagy genes like Ulk1 (unc-51-like kinase 1) that plays an important
192  role in the formation of autophagosome. To detect whether there was mitochondrial turnover
193  within the lysosome, co-immunostaining was performed with mitotracker green and lysotracker
194 red. Very little co-localization was evident between mitotracker and lysotracker staining in
195 rotenone treated cells at 4 h post treatment (Fig. 3F) that may point towards a defective
196  mitochondrial turnover and no significant change in the co-localization pattern between DMSO
197  control and rotenone treated cells were observed (Fig. 3F; Fig. S1A). To confirm that induction
198  of the initial autophagy event following rotenone treatment preceded apoptosis, we stained
199 the cells with the apoptosis inducing factor-1 (AIF-1) which translocated from the mitochondria
200 tothe nucleus and induced apoptotic cell death (Bano and Prehn, 2018). As indicated in Fig. 3G,
201  no AIF-1 translocation to the nucleus was observed in the rotenone treated cells even at 6 h
202  post-treatment indicating that loss of mitochondrial homeostasis and autophagic defect is
203  triggered prior to apoptosis induction.

204

205  Rotenone treatment results in depletion of cellular NAD" levels and downstream induction of
206  the NADase Sarml

207 Since rotenone-induced autophagy did not go to completion, we asked whether energy

208  deficits within the cells played a role in the process by preventing autophagic degradation of
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209 damaged mitochondria via the lysosomal pathway. Accumulating recent evidence indicates that
210  cellular NAD" homeostasis is intricately associated with functional autophagy (Understanding et
211 al., 1999) which further helps the cells to adapt to energy deprivation by obtaining energy from
212 autophagic degradation products. Our results suggested that rotenone treatment reduces
213 NAD'/NADH ratio thus decreasing total cellular NAD" levels in HEK293 cells at 24 h post
214  rotenone treatment (Fig. 4A). Our previous report has suggested that the NADase Sarm1 is
215  required for rotenone induced cell death in SH-SY5Y cells (Sur et al., 2018) but the mechanism
216  behind this induction remains poorly understood. In agreement with our previous results in SH-
217  SYSY cells, we observed increased Sarm1 expression at 24 h post-rotenone treatment in the
218  HEK293 cells (Fig. 4B) but there was no induction of Sarm1 levels at an earlier time point (4 h)
219  (Fig. 4B) indicating that mitochondrial dysfunction and deregulation of autophagy machinery
220  occurred prior to Sarm1 induction in these cells. We also observed increased Sarm1 expression
221 in 3T3 cells (Fig. 4C) but the levels were several folds lower than HEK293 cells which may
222 account for greater resistance of these cells to rotenone induced cell death. Since Sarm1 has
223 been shown to stabilize on depolarized mitochondria (Murata et al., 2013), we proceeded to
224  check its localization at the various subcellular fractions. We show here for the first time that
225  rotenone treatment induced translocation of Sarm1 to the mitochondrial fraction (Fig. 4D) at 24
226 h post treatment and staining with anti-Sarm1 antibody showed punctas similar to
227  mitochondria (indicated by yellow arrow) as compared to a predominantly diffused staining in
228  the DMSO treated controls (Fig. 4E). Further, the Sarm1 staining appeared brighter in rotenone
229  treated cells which could either be indicative of its increased accumulation at the damaged

230 mitochondria as previously indicated with mitotracker green staining. Interestingly, we also
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231  observed a previously unreported nuclear localization of endogenous Sarm1 (Fig. 4D, right hand
232 panel and Fig. 4E, white arrows) following rotenone treatment at 24 h post treatment and the
233 implication of this enhanced subcellular localization needs to be explored further. It is to be
234  noted that immunostaining with Sarm1 antibody indicated increased levels of the Sarml
235  protein in HEK293 cells following rotenone treatment (Fig. 4E) in addition to the mRNA
236  induction. Interestingly, the staining pattern of overexpressed full-length Sarm1 (FLAG-Sarm1)
237 had a pattern distinct from the endogenous protein following rotenone treatment where
238  majority of the protein could be seen to be concentrated at the nuclear periphery Fig. S2; lower
239  panel). This is in agreement with a previous report where overexpressed eGFP-tagged Sarm1 in
240 HEK293 cells localizes to the nucleus and stabilizes the nuclear lamin scaffold in response to
241 pro-inflammatory stimuli (Sethman and Hawiger, 2013).

242 Since we observed autophagy preceding apoptosis in rotenone treated cells and Sarm1
243  was a key mediator of the cell death process, we evaluated the role of Sarm1 in autophagy
244  induction. Overexpression of FLAG-tagged Sarm1 and its TIR domain (that mediates the NADase
245  activity of Sarm1) in HEK293 cells did not result in degradation of LC3B as indicated by the
246 absence of LC3B-Il bands (Fig. 4F Upper panel) in Sarm1 overexpressed cells. Transfection of
247  Sarml in these cells was confirmed by staining of cells with the anti-FLAG antibody (Fig. 4F
248  Lower panel).

249 It has been previously shown that exogeneous addition of the NAD® precursor
250 nicotinamide riboside (NR) reverses axonal degeneration induced by overexpressed Sarmil
251  (Sasaki et al., 2016). To understand whether NR had a similar effect on rotenone induced cell

252  death in HEK293 cells, we pre-incubated the cells with 1 mM NR for 1 h followed by addition of
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253  rotenone for 24 h. Our results indicate that pre-incubation with NR had little or no effect on
254  rotenone induced cell death (Fig. 4G). We hypothesized that NR is probably being rapidly used
255  up and hence cannot combat the early NAD" loss that is further exacerbated following Sarm1
256  activation. Hence, we exogenously added NR at 6 h (around the time of Sarm1 induction) to the
257  cells that were previously pre-incubated with NR followed by rotenone treatment. We also
258  supplemented NR at low doses (0.5 mM) at 3 h and 6 h to avoid the accumulation of NMN
259  (nicotinamide mononucleotide) due to excess NR supplementation. However, supplementing
260 NR at different time points and with different doses had no significant effect on rotenone
261  induced cell death in the HEK293 cells (Fig. 4G). This result shows that there is a differential
262  regulation of the endogeneous versus overexpressed Sarml in HEK293 cells and point towards
263 a previously unknown mechanism of enodogeneous Sarm1 regulation.

264

265  PARP inhibition by PJ34 replenishes cellular NAD* levels and prevents rotenone induced cell
266  death and Sarm1 induction in both HEK293 and SH-SY5Y cells

267 It is becoming increasingly evident that NADH levels and the OXPHOS system are
268 intricately linked to each other (Bose et al., 2003). Since no significant reversal of cell death was
269  observed following NR replenishment in these cells, we hypothesized that there could exist a
270  previously unidentified mode of modulation of NAD" level following rotenone treatment. To
271  understand this further, we speculated whether the NAD*-consuming enzymes of the cells like
272  PARP1 and Sirtl have any role in rotenone mediated cell death. Interestingly, prior incubation
273  of cells with the PARP1 inhibitor PJ34 significantly (P<0.001) reversed rotenone induced cell

+

274  death (Fig. 5A). There was a differential expression pattern of the genes involved in NAD

13 | Page


https://doi.org/10.1101/2021.07.30.454548
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.07.30.454548; this version posted July 31, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

275 metabolism pathway especially that of Nmnatl and Nmnat2 (key enzymes implicated in the
276  regulation of Sarm1l mediated axonal degeneration) (Fig. S3 A-E). On the other hand, the
277  Sirtuinl inhibitor EX527 had no such effect on rotenone mediated cell death (Fig. S4A). To
278  understand whether PJ34 had a similar effect on other inhibitors of the mitochondrial OXPHOS
279  system, HEK-293 cells were treated with the mitochondrial complex 1l and V inhibitor
280  Antimycin and Oligomycin respectively which revealed that PJ34 had no effect in the reversal of
281  cell death induced by these inhibitors (Fig. S4 B-C).

282 The reversal of rotenone-induced cell death by PJ34 was consistent with the fact that
283  pre-incubation of cells with PJ34 followed by rotenone treatment restored cellular NAD" levels
284  at 4 h post treatment (Fig. 5B) indicating that reduction in NAD" levels was a key player in
285  rotenone induced cell death. It should be noted here that loss of NAD" was observed as early as
286 2 h in rotenone treated cells and at a time when Sarm1 was not induced in these cells. In line
287  with this observation, we next sought to analyze whether reversal of cell death and restoration
288  of cellular NAD" levels by PJ34 correlated with Sarm1 induction. Interestingly, real-time analysis
289  of PJ34 treated cells followed by rotenone treatment resulted in a prominent decrease in
290 expression of Sarm1 even at 24 h post treatment (Fig. 5C). These results are exciting and point
291 towards a novel regulation of endogenous Sarm1 by fluctuating NAD" levels. To further confirm
292  the importance of NAD" replenishment in the reversal of rotenone induced cell death, we
293  analyzed the role of PJ34 in the neuronal cell line SH-SY5Y and a significant (P<0.001)
294  restoration of cell death following prior incubation with PJ34 was also observed in these cells.
295 However, a dose dependent analysis revealed that a higher does (50-100 uM) of PJ34 was

296  required to achieve this reversal as compared to 25 uM in HEK293 cells. We further observed a
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297  reduction in the Sarm1 protein levels alongwith reduced nuclear localization in these cells in the
298 presence of PJ34 (Fig. 5E). These observations strongly indicate that these distinct nuclear
299  localization patterns is linked to Sarm1 induced cell death regulation following rotenone
300 treatment and id dependent on NAD" levels the mechanism of which needs to be evaluated
301  further.

302 PARP is a DNA damage sensor and it has recently been shown that there is increased
303 localization of PARP1 to H2AX.2 enriched chromatin damage sites (Sharma et al., 2019). Since
304 phosphorylated H2AX.2 is a histone marker of DNA double strand breaks (Kuo and Yang, 2008)
305 we hypothesized that its status might be an indirect indicator of PARP hyperactivation following
306 rotenone induced DNA damage. Our results show that there is increased level of
307 phosphorylated H2AX (p-Ser 139) in the presence of rotenone, the level of which is significantly
308 decreased following pre-incubation with PJ34 and subsequent rotenone treatment (Fig. 5F).
309 This reduction in DNA damage alongwith the reversal mediated by PJ34 suggests that
310 normalization of PARP activity in the presence of rotenone may prevent early NAD" loss and
311  subsequent Sarm1 activation, a fact that is strengthened by the recent structural insights
312  indicating that NAD" bound at the ARM domain of purified Sarm1 protein is an allosteric
313  inhibitor of Sarm1 activity.

314

315 PJ34 restores mitochondrial homeostasis and prevents accumulation of damaged
316  mitochondria in rotenone treated HEK293 cells

317 Since we hypothesized that accumulation of damaged mitochondria could be one of the

318  key features of early accumulating stress that leads to Sarm1 induction, we checked the status
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319  of mitochondria in rotenone treated cells exposed to PJ34. Pre-incubation with PJ34 prevented
320 early loss of mitochondrial membrane potential (Fig. 6A) and reduced mitochondrial ROS (Fig.
321  6B) as early as 4 h post rotenone treatment. We also observed a significant decrease in the
322  total cellular ROS levels induced by rotenone in the presence of PJ34 (Fig. 6C) that strengthened
323  our hypothesis of damaged mitochondrial accumulation induced by rotenone that stimulated
324  ROS production in these cells. To confirm this further, we co-stained rotenone treated cells pre-
325 incubated with PJ34 with Mitotracker red and Lysotracker green. Two populations of cells were
326 observed at 6 h as indicated in Fig. 6D. Cells showed intact mitochondrial staining as indicated
327 by mitotracker green staining in rotenone treated cells in the presence of PJ34 (Fig. 6D upper
328 panel). However, it was interesting to note increased co-localization of mitotracker green and
329 lysotracker red in these cells (Fig. 6D lower panel) indicating improved lysosomal turnover of
330 damaged mitochondria as indicated by arrows. This was also confirmed by the Pearson’s
331 correlation coefficient (PCC) where there was a significant increase in the mitochondrial co-
332  localization with the lysosomes (Fig. 6D, right panel) following PJ34 treatment in the presence
333  of rotenone.

334 Since PARP1 inhibition by PJ34 improved mitochondrial turnover within the lysosomes
335 which may subsequently lead to restoration of mitochondrial homeostasis, we sought to
336  analyze the status of autophagy following PARP1 inhibition. Both Western blot and confocal
337  microscopy analysis revealed a decrease in the levels of LC3B (Fig. S5A) and reduced signal
338  strength of LC3B (indicated by white arrows) in the nucleus (Fig. S5B) 4 h following rotenone
339 treatment in the presence of PJ34. This was also accompanied by reduction in p62

340 accumulation (green signal; Fig. S5B) in HEK293 cells treated with rotenone in the presence of
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341  PJ34. To understand whether functional autophagic machinery is required for PJ34 mediated
342  protection from rotenone induced cell death, cells were treated with chloroquine (an inhibitor
343  of lysosomal acidification) and no reversal of cell death by PJ34 was observed in the presence of
344  these inhibitors (Fig. S5C). Interestingly, stimulation of autophagy by rapamycin also could not
345 overcome rotenone induced cell death (Fig. S5D). Collectively, these results suggest that
346  functional autophagy is intricately linked with Sarm1-mediated cell death in rotenone treated
347  cells that can be alleviated by PJ34 by restoring cellular NAD" levels and cannot be achieved by
348  stimulating autophagy alone.

349

350 PARP inhibition by Olaparib restores rotenone induced locomotor deficits in Drosophila
351  melanogaster

352 To understand the physiological relevance of PARP inhibition in rotenone induced
353  pathological conditions, we extended our data in the fruitfly Drosophila melanogaster. Our
354  previous study has shown progressive locomotor deficits accompanied by dSarm induction in
355 w8 flies exposed to rotenone (Sur et al., 2018). Since rotenone treatment in cells showed an
356 early decrease in NAD" levels, we undertook to analyze the levels of NAD" in 1-day old flies
357 exposed to 200 uM of rotenone. We observed a moderate decrease in the NAD" levels in the
358  brain of flies at 20-days post exposure (Fig. 7B). We further asked whether replenishing NAD*
359 levels via PARP inhibition could alter the rotenone-induced locomotor deficits as observed in
360 these flies. The PARP inhibitor Olaparib has shown promise as an anti-cancer chemotherapeutic

361 drug and is sold under the trade name Lynparza to treat ovarian cancer. Due to its known

362  prospect in drug repurposing, we selected Olaparib for PARP inhibition in our fly studies. We
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363 first conducted a dose dependent analysis of Olaparib due to the unavailability of such data in
364  flies and measured its effect on fly survival and selected the doses 50 and 100 uM for further
365  analysis with rotenone. Our results indicated that 1-day old flies exposed to 100 uM olaparib in
366  the presence of 200 uM of rotenone (Fig. 7A) exhibited significant reversal in their climbing
367  ability at 5, 10 and 20-days post exposure (Fig. 7 C-D). We further observed heightened survival
368  of flies in the presence of 100 uM Olaparib in the presence of rotenone at 5, 10 and 20-days
369  post exposure (Fig. E-G). This is the first observation of the effect of PARP inhibition by Olaparib
370 in the reversal of rotenone induced locomotor deficits especially in the more susceptible aged
371 flies (20-day old) and further highlights the importance of PARP inhibitors in modulating
372  rotenone induced pathology.

373

374  Discussion

375 Mitochondrial health and homeostasis is vital towards cell survival and dysregulation of
376  mitochondrial function has been linked to several diseases ranging from neurodegenerative
377 disease to cancer. The pesticide rotenone inhibits mitochondrial complex | activity and in our
378  previous report we have shown that Sarm1 is an important mediator of rotenone-induced cell
379  death (Sur et al., 2018). So, is there a point of convergence between mitochondrial dysfunction
380 and Sarml activation in the rotenone-induced cell death process? Apart from inducing
381 dopaminergic neuronal loss, rotenone has been shown to induce cell death in a variety of non
382  neuronal cell population. However, the non neuronal function of Sarm1 as well as its mode of
383  activation following rotenone treatment is not well explored. Since there is a time lag between

384  rotenone treatment and Sarm1 induction, here we attempted to gain a comprehensive insight
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385 into how Sarm1 is activated within the cells using both non-neuronal HEK293 cells and the
386  neuronal SH-SY5Y cells. HEK293 cell is a routinely used human embryonic kidney cell line that
387 has been shown to express endogenous Sarml (Carty et al., 2006) and has been extensively
388 used for studies involving the overexpressed protein. Since we observed a higher susceptibility
389 of HEK293 to rotenone induced cell death, we exploited this cellular model further to
390 understand the temporal link between mitochondrial dysfunction induced by rotenone,
391  mechanism of Sarm1 activation and subsequent cell death.

392 Rotenone induces loss of mitochondrial membrane potential and stimulates the
393  production of mitochondrial ROS. Generation of ROS in damaged mitochondria maybe
394 perpetuated in these cells if these damaged organelles are not effectively cleared primarily via
395 autophagy (often termed as “mitophagy”). One important gap in knowledge that exists is how
396 this autophagy induction correlates with mitochondrial homeostasis and whether there exists a
397 temporal regulation of these events before apoptosis sets in. Studies in rotenone model have
398 overlooked this time-dependent regulation and autophagic induction was solely restricted to
399 LC3B degradation assay. However, whether this LC3B was cleared via the stimulation of the
400 autophagic flux has not been clearly indicated. To delineate this temporal regulation, we
401 conducted a time-dependent analysis in HEK293 cells and observed an early defect in
402 mitochondrial homeostasis that led to heightened ROS production that could not be
403 ameliorated by the ROS scavenger NAC. This clearly implied that accumulating mitochondrial
404 damage overrode the scavenging capacity of NAC in these cells and the disintegrated but the
405 intense puncta staining pattern of the mitochondria further strengthened this observation. A

406  further analysis of the autophagy machinery clearly indicated that there exists a defect in
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407 autophagy flux following rotenone treatment that may lead to an ineffective clearance of
408 damaged mitochondria leading to the buildup of stress within the cells within 4 h of rotenone
409 treatment. Apart from the early defect in autophagic flux, we observed an increased
410 accumulation of endogenous LC3B within the nucleus of rotenone treated cells. Such
411  localization was not observed in the overexpressed LC3 (mCherry-GFP-LC3) which formed
412  puncta typical of autophagic vacuoles within the cytoplasm following rotenone treatment. Such
413  enhanced nuclear localization of endogenous LC3 is previously unreported and is an interesting
414  outcome of rotenone induced autophagic defect that needs to be explored further.

415 Apart from the clearance of damaged organelles like mitochondria within the cells, the
416 role of autophagy in cellular energy homeostasis is emerging. The catabolism of
417  autophagosome has been linked to the rescuing of cells from energy deprivation by supplying
418  energetic substrate and ATP (Loos et al., 2013). Hence the question automatically arises
419  whether accumulation of damaged mitochondrial and defective autophagic flux contribute to
420 an early energy deprived state following rotenone treatment or vice versa? It has been recently
421  highlighted that the oxidation state of the important cellular co-factor nicotinamide
422  dinucleotide (NAD) undergoes alteration following metabolic stress (Verdin, 2015) but how
423  NAD' levels may directly contribute to the driving of the autophagic flux is not clearly defined.
424  The only direct evidence linking NAD" levels to mitochondrial homeostasis has been studied in
425  the context of Werner’s syndrome where the authors demonstrate that augmentation of NAD*
426 leads to improved lifespan via the restoration of mitophagy (Fang et al., 2019). Although we
427  hypothesized that the NAD" levels could drop following the activation of Sarm1 NADase activity,

428 the timing of Sarm1 expression and these early defects could be not explained. Hence we
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429  undertook a time dependent analysis of NAD" levels following rotenone treatment. Contrary to
430  our expectation, we observed an early loss of NAD" levels prior to Sarm1 induction in these cells
431  following rotenone treatment. This early loss of NAD" could not be reversed by replenishing the
432  NAD' pool with prior incubation with nicotinamide riboside (NR), a precursor of NAD. NR has a
433  short half-life and it could be rapidly used up in the cells thus becoming unavailable at the later
434 time points when the NADase activity of Sarml is activated. However, intermittent
435  replenishment with NR only slightly reversed rotenone induced cell death strongly indicating
436  that other factors contributed to the rapid NAD" loss within these cells.

437 Besides the NADase Sarm1 and CD38, the protein deacylase family of Sirtuins and PARPs
438 are known NAD" consuming enzymes within the cells. Hyperactivation of PARP1 has been
439  shown to impede autophagy due to consumption of NAD* and blocking Sirtl function, a key
440 regulator of autophagy (Jang, Hwang and Kim, 2020). Here we hypothesized whether blocking
441  PARP1 activity could restore NAD" levels and provide sufficient energy to drive autophagic
442  clearance of damaged mitochondria. We observed that prior incubation with the PARP1
443  inhibitor PJ34 but not the Sirtl inhibitor EX527 significantly reversed rotenone induced cell
444  death. PJ34 not only prevented depletion of cellular NAD" levels following rotenone treatment
445  but also stimulated the autophagic flux and restored mitochondrial homeostasis. Further, in
446  line with our hypothesis, abrogating this early accumulating energy depleted state prevented
447  Sarm1 mRNA induction and reduction in Sarm1 protein levels in the presence of PJ34 that could
448  explain the reversal of Sarm1 mediated cell death. Sarm1 possess an N-terminal mitochondrial
449 |ocalization signal and rotenone induced the translocation of Sarm1 to the mitochondria. What

450 was unexpected was the distinct nuclear localization pattern of Sarm1 in the presence of
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451  rotenone that was completely abrogated in the presence of PJ34. Quite interestingly, the
452  recent Cryo EM studies on Sarml structure and function has shown the presence of an
453  autoinhibitory ARM domain that remains bound to NAD" and prevents the activation of the
454  NADase containing TIR domain of SARM1 (Jiang et al., 2020; Sporny et al., 2020). Hence, in line
455  with this observation, it is possible that early loss of NAD" in the presence of rotenone could
456  overcome this autoinhibition leading to activation of the Sarm1 NADase activity and ultimately
457  leading to apoptosis.

458 Taken together, this is the first major finding that correlates in vivo loss of cellular NAD"
459 levels with the regulation of endogenous Sarm1 in both neuronal and non-neuronal cell lines.
460 This is strengthened by the fact that inhibiting PARP reverses rotenone induced locomotor
461  deficits in flies as well. Thus, this study also provides a very important lead in the understanding
462  the role of PARP1 inhibitors in modulating cellular energy homeostasis via regulation of
463  autophagy and mitochondrial function as described in the proposed model (Fig. 8). No study
464  has previously analyzed the temporal regulation of Sarm1l activation and this could be an
465 important step towards our understanding of the metabolic regulation of mitochondrial
466  function, the autophagy-apoptosis network and Sarml activation mediated by the
467  mitochondrial complex | inhibitor, rotenone.

468

469  Materials and Methods
470  Cell lines, antibodies and chemicals - HEK293 cells were obtained from the laboratory of Abhik
471  Saha (Presidency University Kolkata, India), SH-SY5Y cells were obtained from Oishee

472  Chakrabarti (Saha Institute of Nuclear Physics, Kolkata) and 3T3 cells obtained from Shubhra
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473  Majumder (Presidency University, Kolkata). The cells were maintained in Dulbecco's modified
474  Eagle's medium (DMEM) (Gibco, Life Technologies) supplemented with 10% fetal bovine serum
475  (FBS) (Invitrogen) and 1% Penicillin-Streptomycin Solution (Sigma).

476 Mouse monoclonal antibodies against B-actin (ab8224), p62 (ab56416) and LC3 A/B
477  (ab128025), CoX IV (ab16056), Apoptosis and DNA Damage [H2A.X (S139) + cleaved PARP1 +
478  Anti-GAPDH] (ab131385) western blot cocktail and rabbit polyclonal antibody against anti-
479  cleaved caspase-3 (ab2302) were obtained from Abcam. Rabbit polyclonal antibody for AlF
480 (4642) was obtained from Cell Signaling Technology Inc. and rabbit polyclonal antibodies
481  against Sarm1 was obtained from GeneTex for western blot analysis and Sarm1 (D2M5I) for
482  staining was obtained from Cell Signaling Technology Inc. Rabbit polyclonal antibodies against
483  FLAG (F1804) was purchased from Sigma. The antibody for the protein MANLAC2 (Lamin A/C)
484  was developed by Morris, G.E. [DHSB Hybridoma product MANLAC2 (10F8)] and obtained from
485  the Developmental Studies Hybridoma Bank.

486 Mitochondrial complex | inhibitor rotenone (Sigma), pan caspase inhibitor Z-VAD (OMe)-
487  FMK (Abcam), PARP-1 inhibitor, PJ-34 hydrochloride (Abcam), SIRT1 inhibitor EX-527 (Abcam),
488  autophagy inhibitor Chloroquine diphosphate salt (Sigma), the autophagy stimulator Rapamycin
489  (Abcam) were used in this study at the indicated doses. Nicotinamide riboside (NR) was
490  procured from ChromaDex, USA.

491  Cell viability Assay- Cells were cultured in 24-well plates and after 24 h were treated with
492  rotenone at the indicated doses. In some experiments, cells were pre-incubated for 1 h with
493  either PJ-34, EX-527, Chloroquine, Rapamycin, Z-VAD-FMK or NR prior to the addition of

494  rotenone. Wells in triplicate were incubated with the MTT reagent (Sigma) at the specific time
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495  points at a concentration of 0.5 mg/ml. Following 3 h of incubation, the MTT solution was
496  aspirated and the cells were lysed in DMSO and the formation of formazan in each well was
497  determined in a plate reader (BioTek-Synergy) at an absorbance of 540 nm. All results were
498 compared to DMSO treated controls or the solvent used for the assay.

499  Plasmid and siRNA transfection — Cells were seeded at a density of 0.4 x 10 cells/well, 24 h
500 prior to transfection. Cells were transfected with pCMV6-Sarm1 with C-terminal Myc-DDK tag (a
501  kind gift from Dr. Karin Peterson, Rocky Mountain Laboratories, NIAID, NIH, USA) or Flag-NTIR-
502 Sarm1l with Lipofectamine 2000 (Invitrogen), for 48 h using the manufacturer’s protocol. To
503 measure the status of autophagy, HEK-293 cells were transfected with mCherry-GFP-LC3 (a kind
504  gift from Rupak Datta, IISER Kolkata) for 24 hours followed by treatment with rotenone for 24
505 h.

506 siRNAs for PARP1 (#6304, Thermo Fisher Scientific) was purchased from Cell Signaling.
507 HEK293 cells were transfected with siRNA (100 nM) for 24 h followed by treatment with
508 rotenone for 24 h. Cell viability was assessed in this cells as described previously and results
509 compared with control siRNA (#6568, Thermo Fisher Scientific) treated cells.

510 Isolation of Nuclear fraction- SH-SY5Y cells were grown in 100 mm plates and following
511 treatment, cells were collected at the specific time points and centrifuged at 850 x g for 2
512 minutes. To the pellet, 300 pl of Buffer A (10mM HEPES pH 7.9, KCI, MgCl,, Sucrose, Glycerol)
513  with Triton X-100 was added and allowed to incubate for 5 minutes on ice and centrifuged at
514 2,000 x g for 5 minutes at 4°C. The supernatant containing cytosol was kept aside and 300 ul of
515  Buffer A without Triton X-100 was added to the pellet and centrifuged at 2,000 x g for 5 min at

516  4°C. To the pellet 300 ul of Buffer B (0.5 M EDTA pH 8, 0.5 M EGTA pH 8) was added and
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517 allowed to incubate for 30 minutes on ice and centrifuged at 2,000 x g for 5 minutes at 4°C. The
518 pellet containing the isolated nucleus was lysed in 300 ul of Buffer A without Triton X-100 was
519  to extract the nuclear proteins. The lysate was boiled in 4 X Laemmli buffer and subjected to
520 immunoblot analysis.

521 Isolation of Mitochondrial fraction- Mitochondrial fraction was isolated using mitochondria
522 isolation kit (Thermo Scientific) by following manufacturer’s protocol. Briefly, cells were seeded
523  at a density of 1.5 x 10° in 100 mm plates 24 h prior to treatment. After treatment, cells were
524  harvested at 850 x g for 2 minutes. 200 pul of reagent was added to the pellet followed by 5 sec
525  vortexing and 2 mins incubation in ice. 10 pl reagent B was added followed by 5 sec vortexing
526  and 5 minutes incubation in ice. Finally, reagent C was added to it and centrifuged at 700 x g,
527  for 10 minutes at 4°C. The supernatant was collected to a fresh tube and centrifuged at 12000 x
528 g for 15 minutes at 4°C. Mitochondrial protein was extracted from the pellet using M-PER
529  protein extraction reagent (Pierce, Thermo Fisher Scientific).

530 Whole cell extracts and Immunoblot Analysis — Cells were cultured in 6-well plates at a cell
531 density of 0.8 x 10° per well 24 h prior to treatment as indicated. Following treatment, cells
532  were lysed in lysis buffer (150mM NaCl, 1% NP-40, 50mM Tris pH 8.0) containing a protease
533 inhibitor cocktail (Pierce, Thermo Fisher Scientific) for the preparation of whole cell extracts.
534  Protein concentration was estimated using the Bradford assay kit (Bio-Rad) and 15 pg of
535 protein/well were resolved on 12% SDS-PAGE and subsequently analyzed by immunoblot
536 analysis. Bands were detected by a chemiluminescent ECL system (Bio-Rad) and quantified by

537 Image J software.
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538 Immunofluorescence assay — 12 mm Cover slips were placed in 24-well plates and coated with
539  Geltrex (Thermo Scientific) for 1 h before seeding. Cells were seeded at a density of 0.03 x 10°
540 cells/well 24 h prior to the treatment. Following treatment, cells were washed with 1x PBS and
541  fixed with solution containing 4% paraformaldehyde and 0.2% Triton-X-100 for 10 min followed
542 by blocking with 5% NDS buffer (normal donkey serum, 0.05% Triton-X-100 and 0.2 M Glycine)
543  at room temperature for 30 min. The cells were incubated with primary antibody at 4°C
544  overnight followed by incubation with secondary antibody (Alexa flour 488 or Alexa flour 594)
545  for 1 h at room temperature. Nucleus was stained with DAPI (Bio-Rad) for 5 min and mounted
546  with Fluoroshield Mounting Medium (Abcam) and sealed for analysis. In case of live staining the
547  cells were seeded in grooved 35 mm plates (Nunc) at a density of 0.04 x 10°. After treatment,
548  cells were incubated with Lysotracker red DND9 (Life technologies), Mitotracker green FM (Life
549  technologies), TMRM (Sigma) and Mitosox red (Life technologies) at 37°C for 15 min and then
550 washed with 3x times in fresh DMEM followed by incubation with Hoechst 33342 (Sigma) for 5
551 min and further analysed. All images were acquired by DMi8 confocal laser scanning
552  microscope (Leica-microsystems) and images were analyzed using image J software.
553  NAD'/NADH Assay- The total NAD concentration, NAD*/NADH ratio and the concentration of
554  total NAD" and NADH was determined by NAD/NADH fluorometric assay kit from Abcam
555 (ab176723) following manufacture’s protocol. The concentration of each component was
556 calculated from the standard curve obtained by the standard solutions provided in kit. The
557 increase in the fluorescence intensities were measured in a microplate reader (Synergy H1,

558  Biotek) at Ex/Em=540/590. As per manufacturer’s instruction, respective concentrations were

559 calculated by the equations described in the protocol: Total (NAD/NADH) = (B/V) x D where B =
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560 total NAD/NADH amount in the sample well (uM), V=sample volume added in the sample wells
561  (25pl), D= sample dilution factor (150 pl). The NAD" concentration was calculated with the same
562 method from the same standard curve.

563  Measurement of total cellular ROS — Intracellular ROS was measured by using the H2DCF-DA
564  (Sigma, D6883) reagent. Following treatment, cell lysates were prepared using a NP-40 lysis
565  buffer and H2DCF-DA was added at a concentration of 50 uM and incubated for 1 h.
566  Fluorescence intensities were measured at Ex/Em: 492/527 nm using a plate reader (BioTek -
567  Synergy).

568  Real-Time PCR — RNA samples were collected from the cells and RNA was isolated using Trizol
569  (Sigma) reagent as per the manufacturer’s protocol and 1 pg of isolated total RNA was digested
570  with DNase | (NEB). cDNA was prepared from the total RNA using Reverse Transcription
571  Supermix (BIO-RAD) and oligo dT primer. Real-time PCR was performed on CFX96 Real-Time
572  System (BIO-RAD) wusing the SsoFast EvaGreen Supermix (BIO-RAD) following the
573  manufacturer’s instructions. The relative exression of mRNA was normalized to the
574  housekeeping gene Gapdh and the results were expressed as fold change (CT) as compared to
575  the control levels.

576  Fly experiment- W8 flies were a generous gift from Dr. Rupak Dutta, IISER Kolkata. Both male
577 and female flies were grown at 22° C and 12-h light/dark cycle in standard cornmeal-starch diet
578 and changed every 3-5 days. Rotenone and Olaparib were freshly prepared as 100 mM stock
579  solution in DMSO. Flies were transferred to rotenone or Olaparib containing fresh medium
580 every 2-3 days to assay for survival and locomotor deficits. 1-day old flies were generated in

581  regular medium and transferred to DMSO, only rotenone or rotenone and Olaparib containing
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582  fresh medium. The number of total flies in each vial was counted at the beginning of each
583 experiment and the dead/alive files were counted at 5, 10 and 20 days to calculate the
584  percentage of survival for each set. The negative geotaxis assay was performed as previously
585  described (Sur et al., 2018). Flies were transferred into a vertical glass climbing vial (length,
586  25cm; diameter, 3cm) and after a ten-minute acclimation period, the vials were tapped three
587 times to initiate the assay. After 10 s, the percentage of flies crossing the 5 cm mark was noted
588 for each trial. This procedure was repeated a total of ten times. All behavioral experiments
589  were performed at room temperature under standard light conditions.

590

591  Statistical Analysis

592  Statistical analysis was performed using GraphPad Prism version 7.00 for Windows (GraphPad
593  Software, La Jolla, CA, USA). The results are presented as mean + SEM (standard error of mean)
594  of at least three independent experiments performed in triplicate. Statistical significance was
595 measured by one-way analysis of variance (ANOVA) and using Bonferroni post test wherever
596 applicable. Asterisks indicate levels of significance (*p <0.05, **p <0.01 and ***p < 0.001).

597
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873  Figure Legends

874 Fig. 1. Rotenone induces cell death in HEK293, 3T3 cells and SH-SY5Y cells in a dose and time
875  dependent manner that is independent of caspase-3 activation.

876

877 (A, B, and C) MTT assay of cells treated with indicated doses of rotenone in HEK293 (A), 3T3 (B) and SH-
878  SY5Y (C) cells (D) SH-SY5Y cells treated with 2.5 uM of rotenone for 24 h and stained with anti-tubulin
879 antibody to visualize the neurite processes following rotenone treatment and the results were
880  compared with DMSO control samples. Scale bar represents 10 um (E) Representative confocal images
881  of HEK293 cells stained with anti-active Caspase 3 antibody (red) and DAPI (blue) in the presence of
882 rotenone or DMSO control. Scale bar represent 25 um. The right panel represents the percentage of
883 active-caspase positive cells in the presence of DMSO or 500 nM rotenone and results are
884 representative of five individual fields (F) HEK293 cells were pre-incubated with the pan-caspase
885 inhibitor Z-VAD-(OMe)-FMK (20 uM) for 1 h prior to rotenone (500 nM) treatment and cell viability was
886  measured by MTT assay.All results are representative of atleast three independent experiments.

887

888  Fig. 2. Rotenone induced cell death is accompanied by mitochondrial dysfunction but is independent
889  of ROS production in HEK293 cells.

890

891  (A) (Left panel) Immunofluorescence analysis of HEK293 cells incubated with 100 nM TMRM to assess
892  the mitochondrial membrane depolarization in DMSO control and rotenone treated cells at 4 h post
893 rotenone treatment. Scale bar represents 10 um (Right panel) Corrected total cell fluorescence (CTCF)
894  values of TMRM intensity of control vs rotenone treated cells (B) (Left panel) Immunofluorescence
895  analysis of HEK293 cells stained with 100 nM of Mitotracker Green at 4 h post rotenone treatment and
896  compared with control cells. Arrows indicated intact or disrupted mitochondrial punctas (Right panel)
897  Corrected total cell fluorescence (CTCF) values of TMRM intensity of control vs rotenone treated cells (C)
898 Relative fluorescence intensity (RFI) as a measure of ROS production in HEK293 cells with and without
899 pre-incubation with 1mM NAC followed by rotenone treatment. Total ROS level was measured by
900 H2DCF-DA assay and fluorescence intensities were measured at Ex/Em: 492/527 nm (D) Visualization of
901 mitochondrial ROS production in HEK293 cells by staining with the mitochondria specific ROS indicator
902 Mitosox red at 4 h post rotenone treatment. Images are representative of cells in culture (E) MTT assay
903 of HEK293 cells in the presence or absence of NAC pre-treatment followed by rotenone treatment for 24
904 h.

905

906  Fig. 3. Autophagy precedes apoptosis in rotenone treated cells but not completed due to reduced
907  autophagic flux
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908 (A) Immunofluorescence assay of HEK293 cells stained with anti-LC3B (red), anti-p62 (green) antibodies
909 and DAPI (blue) to compare the expression and localization of the autophagy marker proteins followed
910 by rotenone treatment. Scale bar represents 25 um in the left panel. The indicated cells in the left hand
911 panel are cropped to show the single cell localization of these proteins (left hand panel) (B)
912 Immunofluorescence assay of SH-SY5Y cells with anti-p62 (red), anti-Tubulin (green) antibodies and DAPI
913 (blue) to assess p62 accumulation following rotenone treatment (5 uM) for 24 h (C) Immunoblot
914  analysis of whole cell lysates of DMSO control and rotenone treated (24 h) SH-SY5Y cells probed with the
915  autophagy marker proteins LC3B, p62, ATG7. B-actin was used as loading control and the densitometric
916  analysis to determine the relative expression of the protein with respect to the loading control was
917  performed in Image J software (lower panel) (D) Autophagic flux determination in HEK293 cells with
918  transient transfection with mCherry-EGFP-LC3B plasmid for 24 h followed by rotenone treatment for 4
919  h. GFP loses the green signal in the acidic environment of the lysosome leading to predominant red
920  signal of the mCherry protein. Strong co-localization of mcherry with GFP is indicative of defective fusion
921 of autophagosome with the lysosome (E) Relative fold change of mRNA expression of autophagy gene in
922 rotenone treated (24 h) HEK293 cells by gRT-PCR with respect to DMSO treated control samples. Gapdh
923  was used as an internal control (F) Representative confocal images of Mitotracker (green) and
924  Lysotracker (red) localization 4 h post rotenone treatment in HEK293 cells. Scale bar represents 50 um
925 (G) Immunofluorescence assay of HEK293 cells with anti-AlIF antibody (red), Mitotracker green and DAPI
926  (blue) to assess the translocation of AIF from the mitochondria to the nucleus following rotenone
927  treatment for 6 h. Data are representative of at least two or three independent experiments per panel.
928

929

930 Fig. 4. Rotenone treatment results in depletion of cellular NAD" levels and downstream induction of
931  the NADase Sarml

932

933  (A) Determination of NAD"/NADH ratios by fluorimetric assay in HEK293 cells 24 h post rotenone
934  treatment. Data sets were compared with DMSO treated controls. (B and C) gRT-PCR analysis of Sarm1
935  gene expression at 6 h and 24 h post rotenone treatment in HEK293 (B) and 6 h in 3T3 cells (C). Gapdh
936  was used as an internal control (D) Immunoblot analysis of translocation of Sarm1 in the mitochondrial
937  and nuclear fractions in control and rotenone treated cells 24 h post treatment. The purity level of the
938 isolated fractions were confirmed by probing with anti-COX IVB for mitochondria and anti-Lamin A/C for
939  the nuclear fraction (E) Immunofluorescence analysis of endogenous Sarm1 (red) in the presence or
940  absence of rotenone. The nuclear localization (DAPI staining) of the protein is shown in white arrows in
941 both the DMSO control and rotenone treated cells. (F) Immunoblot analysis of the autophagy marker
942 LC3B in HEK293 cells transiently transfected with FL-SARM and N-TIR-Sarm1 for 48 h and B-actin as a
943 loading control. Transfection was confirmed by immunostaining with anti-FLAG antibody (red) and the
944  results were compared with the untransfected controls. (G) HEK293 cells were pre-incubated with 1mM
945 NR followed by rotenone treatment for 24 h or intermittent replenishment with NR at the times
946 indicated and MTT assay was conducted to analyze percent cell death. Data are representative of at
947 least two or three independent experiments per panel.

948

949

950  Fig. 5. PARP inhibition by PJ34 prevents rotenone induced cell death by restoring cellular NAD* levels
951  and prevents Sarm1 induction in both HEK293 and SH-SY5Y cells

952

953 (A) Cell viability was measured using MTT assay in HEK293 cells pre-incubated for 1 h with 25 uM of the
954 PARP inhibitor PJ-34 followed by 500 nM of rotenone treatment for 24 h and the results were compared
955  with untreated control cells (B) Determination of NAD*/NADH ratios by fluorimetric assay in HEK293
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956 cells 2 and 4 h post rotenone treatment in the presence or absence of PJ34 (C) gRT-PCR analysis of
957 Sarm1 mRNA expression with or without prior treatment with 25 puM PJ-34 followed by 24 h of rotenone
958  treatment. (D) Cell viability was measured using MTT assay in SH-SY5Y cells pre-incubated for 1 h with
959 50 or 100 uM of the PARP inhibitor PJ-34 followed by 5 UM of rotenone treatment for 24 h and the
960 results were compared with untreated control cells (E) Immunofluorescence analysis of endogenous
961 Sarm1 (red) in rotenone treated SH-SY5Y cells the presence or absence of PJ-34. The nucleus was
962  stained with DAPI (blue). Scale bar represents 25 um (F) (Left panel) Immunoblot analysis of DNA
963 damage and apoptosis marker proteins H2AX and cleaved Parpl respectively in rotenone treated cells
964  with or without prior treatment with PJ-34. GAPDH served as loading control. (Right panel)
965 Densitometric analysis to determine the relative expression of the proteins with respect to the loading
966 control was performed in Image J software. Data are representative of at least two or three
967 independent experiments per panel.
968
969 Fig. 6. PJ34 restores mitochondrial homeostasis and prevents accumulation of damaged mitochondria
970  inrotenone treated HEK293 cells.
971
972  (A) Immunofluorescence analysis of HEK293 cells incubated with TMRM to assess the mitochondrial
973 membrane depolarization in control and rotenone treated cells in the presence or absence of PJ34 at 4 h
974 post rotenone treatment. Scale bar represents 25 um (B) Visualization of mitochondrial ROS production
975 in HEK293 cells by staining with the mitochondria specific ROS indicator Mitosox red at 4 h post
976 rotenone treatment in the presence or absence of PJ34. (C) Measurement of total ROS level byH2 DCF-
977 DA assay and at Ex/Em: 492/527 nm to compare the overall ROS production in rotenone treated cells in
978  the presence of absence of PJ34 (D) Immunofluorescence analysis of HEK293 cells co-stained with
979  mitotracker green and lysotracker red at 24 h post rotenone treatment to compare the co-localization of
980  the mitochondria with the lysosome in the presence or absence of PJ-34. Scale bar represents 25 um
981 (upper panel) and 6 um (lower panel). The arrow represents the co-localization in rotenone + PJ34
982  treated cells and the degree of co-localization was quantified using Pearson’s correlation coefficient
983 (PCC) analysis (right panel)
984
985 Fig. 7. PARP inhibition by Olaparib restores rotenone induced locomotor deficits in Drosophila
986  melanogaster
987
988  (A) Schematic representation of the experimental setup in Drosophila (B) Measurement of NAD+/NADH
989  ratio in the 1-day old fly brains at 20-days post exposure (C-E) Negative geotaxis assay of 1-day old flies
990 at 5 (C), 10 (D) and 20 (E) days post exposure with DMSO, olaparib (100 uM), rotenone (200 uM) and
991 rotenone + olaparib (F-H) Survival assay of flies exposed as described in C-E. *** denotes significance
992 between DMSO control and rotenone exposed flies and *** denotes significance between rotenone and
993 rotenone + olaparib exposed flies. Results are representative of three independent set of experiments.
994
995 Fig. 8. Proposed model of the study.
996
997  Addition of rotenone to the cells results in mitochondrial depolarization and generation of reactive
998  oxidative species (ROS). Excess ROS production leads to nuclear DNA damage and PARP1 activation that
999 leads to depletion of NAD". This early loss of NAD" blocks autophagic flux resulting in accumulation of
1000 damaged mitochondria, thus perpetuating further ROS production. In a vicious cycle this causes further
1001 DNA damage, PARP1 hyperactivation and subsequent NAD" loss. This loss of NAD" is predicted to
1002 remove the allosteric inhibition on the pro-apoptotic protein Sarm1 thus activating it. Sarm1 localizes to
1003  the depolarized mitochondria and induces subsequent cell death. Prior incubation with the PARP
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1004 inhibitor, PJ-34 replenishes cellular NAD" levels, restores mitochondrial homeostasis and prevents Sarm1
1005 upregulation in the cells thus preventing rotenone induced cell death. (Created with BioRender.com)
1006

1007  Fig. S1. Rotenone induces moderate localization of mitotracker with lysotracker but no translocation
1008 of AIF to the nucleus at an early time point. Pearson’s correlation coefficient (PCC) of
1009 mitotrcker/lysotracker (A) and AIF/DAPI (B) to quantify the co-localization pattern following rotenone
1010 treatment.

1011
1012 Fig. S2. Rotenone induces higher perinuclear localization of overexpressed Sarm1.
1013 Immunofluorescence analysis of cells transfected with FLAG-tagged full length Sarm1 for 24 h followed

1014 by rotenone(500 nM) treatment for 24 h. Results were compared with DMSO treated but transfected
1015  cells. Scale bars represent 10 um.

1016

1017  Fig. S3. Rotenone induces de-regulation of the genes involved in NAD* metabolism.

1018  (A-E). qRT-PCR analysis of the fold change in gene expression of Nmanatl (A), Nmnat2 (B), Nmnat3 (C),
1019 Nrkl (D) and Nrk2 (E) at 24 h post rotenone treatment in HEK293 with respect to DMSO treated
1020  controls. Gapdh was used as an internal control for the analysis.

1021

1022 Fig. S4. Effect of Sirtuin and PARP inhibition on cell death induced by mitochondrial complex inhibitors
1023  (A) Cell viability assay in the presence of Sirtl inhibitor EX-527 (25 uM) in HEK293 cells. Cells were pre-
1024  incubated with EX-527 for 1 h followed by rotenone treatment for 24 h. The percentage of cell death
1025  was determined by the ODs, values in an MTT assay (B-C) Cell viability assay in HEK293 cells pre-
1026  incubated with 25 uM PJ-34 for 1 h followed by treatment with the mitochondrial complex Il inhibitor
1027  Antimycin A (10 uM and 50 uM) (B) and the mitochondria complex V inhibitor Oligomycin (500nM) (C).
1028  The percentage of cell death was determined by the ODs, values in an MTT assay (D) siRNA mediated
1029 knock-down of PARP1. Cells were incubated with 100 nM of Parp1-siRNA for 24 h followed by rotenone
1030 treatment for 24 h. The percentage of cell death was determined by MTT assay.

1031

1032 Fig. S5. Functional autophagic machinery is required for PJ-34 mediated reversal of cell death
1033  following rotenone treatment

1034  (A) Immunoblot analysis of the autophagy marker protein LC3B in HEK293 cells treated with rotenone
1035 (24 h) in the presence or absence of PJ34. B-actin was used as a loading control (B) HEK293 cell co-
1036  stained with anti-LC3B (red) and anti-p62 (green) and nuclear stain DAPI (blue) to visualize the
1037 localization of autophagy marker proteins post rotenone treatment. Results were compared with DMSO
1038  control and PJ-34 treated cells (C) Cell viability assay in the presence of autophagic inhibitor chloroquine
1039 (50 uM) with or without incubating the cells with PJ-34 prior to rotenone treatment (D) Cell viability
1040 assay in cells pre-incubated with the autophagy inducer Rapamycin (200 nM) prior to rotenone
1041 treatment for 24 h.

1042

1043

1044

44 | Page


https://doi.org/10.1101/2021.07.30.454548
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.07.30.454548; this version posted July 31, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Fig. 1

% Cell death

801

60

401

201

DR

HEK293 -

% Cell death

T T

%?’\969@-%399 °Q‘~°\-°°;~°,9~°,19~6w°

Dose of Rotenone (in uM)

50

J

40

*kk

SH-SY5Y H———1

301 —

20+

10

0-

o
s
Q Q.o\.q'

6h

o)
NRA RO
g 0“ o\'bo‘) WO

R R

& €

24 h

Active Caspase-3/DAPI

DMSO

Rotenone

il

100+

% Caspase positive cells

N O
S

% Cell death=

=
o

80+

60+

601 313 -
40- B

20-

ol = L 1L

QP

Rot

Dose of Rotenone (in ?IM]

Tubulin

Rotenone

% Cell death

O & & &
S EL

479 K\ o

. ’
¥ &


https://doi.org/10.1101/2021.07.30.454548
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.07.30.454548; this version posted July 31, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Fig. 2

A. TVRM 20000000-

150000004

100000004

CTCF

5000000

0

Rotene
B. Mitotracker

DMSO Rot

1500000.01

1000000.0

CTCF

500000.0-

0.0-

DMSO Rot

MitoSox

Rotenone

304

% Cell death
N
o



https://doi.org/10.1101/2021.07.30.454548
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.07.30.454548; this version posted July 31, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Fig. 3

DMSO

Rotenone

LC3B-ll/LC3B-

0-
DMSO

Rot

Mitotracker/Lysotracker

p62/LC3B/DAPI

p62/Tubulin/DAPI

DMSO Rotenone
D GFP mCherry GFP/mCherry
DMSO )
4@ Lc3l o=
@ 62
Rotenone
@ ATG7
@ Actin .
E. 509  _
©
S
2.0 25 =
8
2.0 =,
c 1.5 % v
t" 1.5 dkk
< 1.04 § % 20+ -
I o 1.0 =
© s )
o
0.5 < sl % 104
-
0.0- 0.0-
DMSO  Rot DMSO  Rot 0-

DMSO

]
c
o
=
[J]
=
]
o«

AlIF Mitotracker DAPI



https://doi.org/10.1101/2021.07.30.454548
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.07.30.454548; this version posted July 31, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Fig. 4
A. g. HEK293 sam1 C. 373 Sam1
159 — 0.025
o 0.020
® =
« " T 0.015-
(=]
< ©
z O 0.010-
N 0.5- BN
g 0.005-
0.0- 0.000-
O CZ )
2 N
0\‘ o@oo oé
D SARM1 DAPI Merged
C Rot C Rot /¥
-
Sarml = 0 e Sarml

DMSO

CoxIVB emm e o ™ |-nin A/c

Mitochondria  Nucleus

Q
=
)
c
o
e
o
3
S
£
S &
F. F G.
A o \?o &
S F <
LC3B e aw ~- @ = 4.
'g =
H L - E
Actin * 7 & '; @« o 55
/ \ \ °\°
o | | L] T T T
00 Q-\ QQ' eQ'
&S
S & q‘,“\
€ & 9
& &
RS X
& o
T &
Q.
\,‘\;


https://doi.org/10.1101/2021.07.30.454548
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.07.30.454548; this version posted July 31, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

>

% Cell death

©

% Cell death

available under aCC-BY-NC-ND 4.0 International license.

*kk

Fig. 5
o =3 2hr
409 F—— *** B. 34 *»+ [0 4 hr C. 10-
—
" g | 2 o)
- = c
E 24 l__i KKk E
20 2 * ' 5
s — g .
b 1" - ]
- £
10 <zt |—| .
()]
0- 04
O o & oM
é‘b Q;D e R
% X
g
* k%
*kk | —
509 FH——
40-
304

2
L

F.
—-—— wn. €=Cleaved PARP
(89 kDa) 25
2.0:

—— o — —— Gapdh §1.5 Ezo
(36 kDa) E <"
SH-SY5Y cells . .
-_ e e <— H2AX ® "

(P-Ser139) LS & IS

C Rot P/ Rot+P (17 kDa) D MY


https://doi.org/10.1101/2021.07.30.454548
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.07.30.454548; this version posted July 31, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Fig. 6
A.  pmso PJ-34 B. pwmso PJ-34 C.
3 *kk
G 30000- o
2 @ ©h
T © 24h
& § 20000- ok =
& \ 2
S S S 10000
~ S i
2
g

Rot

] 0@
€ <®
Rot + PJ-34 Rot Rot + PJ-34
D.
1.0 * —
—
0.8 ns
—
T

0.6

PCC

DMSO PJ34 Rot Rot+PJ34

Mito Green/Lyso red

DMSO Rot Rot + PJ-34


https://doi.org/10.1101/2021.07.30.454548
http://creativecommons.org/licenses/by-nc-nd/4.0/

% of flies crossing 5 cm

% Survival of flies at 5 days

bioRxiv preprint doi: https://doi.org/10.1101/2021.07.30.454548; this version posted July 31, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Rotenone

added
Day 5

Day 1
Eclosion

Pupa =y Adult =— =

Olaparib
added

c. *kk
*

100+ —
.| .

60-
40

20

DMSO  Ola Rot  Rot+Ola

5 days

F. n=240
100 *hk

% of flies crossing 5 cm

B.
Day 10 Day 20
Negative Geotaxis/Survival g
D- e ke
—
T — |
100+
80+ i
60+
40.
20
DMSO  Ola Rot  Rot+Ola
10 days
n=244
kkk
Rot+Ola

DMSO Ola Rot Rot+0la

% Survival of flies at 10 days

NAD*/NADH ratio

6-
4_
2- —
0-
Control Rot (200)
EI dkk o
I —
I —————
100
E
Q
80 é
=]
E
2 60+
e
o
404
8
=
% 204
2
" DMSO  Ola Rot  Rot+Ola
20 days
H. n=197
w
2 100,
g S dkk
o~ 804
E dekk
3 60
-
-
o 404
2
S 204
'
=]
w
..,,9‘ - T
° DMSO Ola Rot Rot+Ola


https://doi.org/10.1101/2021.07.30.454548
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.07.30.454548; this version posted July 31, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Fig. 8

Rotenone

ooooouo.oo““‘"‘onoooononnon..

000®®
o».o”..‘.. ...oo“...o““”‘"“Wu.‘nu
oo’ oo’ Healthy — °

00® 5 .
o**° mitochondria
. !
\d " - Fi e . & ;, 4 =
Cell Death S tae
Defectlve\ .. 09
autophagy NAD+
Depletion
SARM1
Activated Inactivated

Hype@ctlvaﬁon

TG AaTGTITTTIIITITIIYYY
AL GARTY CALLILLL

@ Nucleus

NAD+
Survival Repletion


https://doi.org/10.1101/2021.07.30.454548
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.07.30.454548; this version posted July 31, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Fig. S1
A. Mito/Lyso B. AIF/DAPI
0.5 * 0.5- ns
N —
044 —
o o 0.3
O o
o 0. 0.2
0.1-
0.0-
DMSO Rot DMSO Rot
Fig. S2
FLAG-Sarml DAPI Merged

DMSO

Rot



https://doi.org/10.1101/2021.07.30.454548
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.07.30.454548; this version posted July 31, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

(3]
o
)

-y
(=]
1

w
o
1

N
o
1

=N
(=]
1

PJ34

NRK2

Fig. S3
. . NMNAT2
A 20- NMNAT1 B. o C.
B — __g — g
£ 15 E 304 g
8 S e
g 10- T & 201 )
& 3 s
= = — =
[*] Q Q
E 5_ _ E10. — E
£ i S
| 0 ’
PJ34 Rot Rot+PJ34 PJ34 Rot  Rot+PJ34
D.
40- NRK1 10-
o T 5l
€ 30{ — £
] S
- L 6
> 204 >
c c
© © 41
S 5
10
i) T° -
3 5 2
('R [F'8
PJ34 Rot  Rot+PJ34 PJ34
Fig. S4
A.
50- B.
< 407 =
' -+
g 30 8
< °
D on. °
o o
X 10- T X
0-
@60 "i\ Q-o‘\ "L«
Q 6\" xQ;‘-
S
<

Rot

% Cell death

NMNAT3

Rot Rot+PJ34

Rot+PJ34

50+

40

30+

20+

10+



https://doi.org/10.1101/2021.07.30.454548
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.07.30.454548; this version posted July 31, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Fig. S5
Rot B.
C P Rot +P) DMSO PJ34 Rot Rot + PJ
s | €= LC3BI
’~ ! <-LC3BII

1'-’ - i <€-Actin

C. D.
80- 60- L
— T

S 601 S

© T 40-

5 5

= 404 =

Q Q

(& O 204

2 20 2 -
0- 0=t T T
§o & o> o \,85 O & &o o £ & Q?Qo
9 & 9 I


https://doi.org/10.1101/2021.07.30.454548
http://creativecommons.org/licenses/by-nc-nd/4.0/

