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ABSTRACT

The development of cell-type-specific dendritic arbors is integral to the proper
functioning of neurons within their circuit networks. In this study, we examine the regulatory
relationship between the cytosolic chaperonin CCT, key insulin pathway genes, and an E3
ubiquitin ligase (Cullin1) in homeostatic dendritic development. CCT loss of function (LOF)
results in dendritic hypotrophy in Drosophila Class IV (CIV) multidendritic larval sensory
neurons, and CCT has recently been shown to fold components of the TOR (Target of
Rapamycin) complex 1 (TORC1), in vitro. Through targeted genetic manipulations, we have
confirmed that LOF of CCT and the TORC1 pathway reduces dendritic complexity, while
overexpression of key TORC1 pathway genes increases dendritic complexity in CIV neurons.
Both CCT and TORC1 LOF significantly reduce microtubule (MT) stability. CCT has been
previously implicated in regulating proteinopathic aggregation, thus we examined CIV dendritic
development in disease conditions as well. Expression of mutant Huntingtin leads to dendritic
hypotrophy in a repeat-length-dependent manner, which can be rescued by TORC1
disinhibition via Cullin1 LOF. Together, our data suggest that Cullinl and CCT influence dendritic

arborization through regulation of TORC1 in both health and disease.
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SIGNIFICANCE

The insulin pathway has become an increasingly attractive target for researchers interested in
understanding the intersection of metabolism and brain health. We have found connections
between the insulin pathway and cytosolic protein maintenance in the development of
neuronal dendrites. These pathways converge on the dendritic cytoskeleton, particularly
microtubules. Neurons expressing mutant Huntingtin also show defects in dendritic
development and the underlying cytoskeleton, and we find that disinhibition of the insulin
pathway can rescue dendritic hypotrophy in these neurons. This work advances our
understanding of the molecular interactions between the insulin pathway and neuronal

development in both health and Huntington's Disease conditions.
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INTRODUCTION

It was once thought that the brain was isolated from the effects of starvation: at the start of
the 20t century, Edward H. Dewey, M.D. asserted, “The brain is not only a self-feeding organ
when necessary, but it is also a self-charging dynamo, regaining its exhausted energies entirely
through rest and sleep” (Dewey, 1900). Cognitive symptoms were repeatedly connected to
diabetes (Miles and Root, 1922; Moheet et al., 2015), but it wasn’t until the discovery of neuronal
insulin that the idea of the metabolically insulated brain was retired (Raizada, 1983;
Weyhenmeyer and Fellows, 1983; Pardridge et al., 1985; Craft, 2009). Research linking
neurodegenerative disorders to insulin resistance have since highlighted the necessity of
understanding how the insulin pathway modulates the brain in health and disease (Schulingkamp
et al., 2000; Wu et al., 2017; Kellar and Craft, 2020; Burillo et al., 2021). In this study, we examine
putative connections among three cytosolic mechanisms — the insulin pathway, chaperone
activity, and ubiquitin ligase activity — which each coordinate dendritic arborization through the
regulation of the cytoskeleton.

In Drosophila melanogaster, the chaperonin CCT (Complex Containing Tailless Complex
Polypeptide 1 [TCP-1], also known as TRiC) is required for dendritic development of Class IV (CIV)
multidendritic (md) sensory neurons of the larval peripheral nervous system (Das et al., 2017;
Wang et al., 2020). CCT is a chaperonin —an ATP-dependent chaperone — and has the canonical
chaperonin “barrel” shape, composed of two repeating rings of eight subunits each: CCT1-8 (Fig
1A) (Liou and Willison, 1997; Jin et al., 2019). Estimated to fold from 1-15% of cellular proteins,

two of CCT’s most notable clients are cytoskeletal monomeric subunits actin and tubulin
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82  (Thulasiraman et al., 1999; Grantham et al., 2006; Brackley and Grantham, 2009; Willison, 2018;

83  Gestaut et al., 2022).

84 CCT physically interacts with proteins in the TORC1 pathway and folds Raptor, the regulatory
85 component of TORC1 (Cuéllar et al., 2019; Kim and Choi, 2019). TORC1 is a part of the insulin
86  pathway, operating downstream of Phosphatidylinositol-3 kinase (PI3K) and Akt kinase (Fig 1A),
87 and has been long known to control cell size (Fingar et al., 2002; Kumar et al., 2005) as well as
88  dendritic development in many organisms (Jaworski et al., 2005; Kumar et al., 2005; Lee and
89  Chung, 2007; Urbanska et al., 2012; Thomanetz et al., 2013; Shimono et al., 2014, Skalecka et al.,

90 2016; Kosillo et al., 2019, 2022).

91 In this study, we investigate the regulatory roles of CCT, TORC1, and the SCF complex in both
92  conditions of homeostatic development and proteinopathic disease states. Cullinl is the
93  scaffolding component of the Skp, Cullin, F-box (SCF) E3-ubiquitin ligase — previously shown to
94  regulate TORC1 in dendritic pruning in Drosophila (Wong et al., 2013). In homeostasis, via in vivo
95 analyses of CIV neurons, we establish that dendritic arborization is mediated by a chaperonin
96  (CCT) and E3 ubiquitin ligase component (Cullinl), both of which partially mediate dendritic
97  complexity through regulation of TORC1. TORC1 inhibition leads to dendritic hypotrophy whereas

98 TORCI1 activation leads to dendritic hypertrophy.

99 CCT and TORC1 have also been examined as endogenous mediators of the cellular effects of
100  Huntington’s Disease (HD), a neurodegenerative disease caused by a polyglutamine expansion
101  mutation. Targeted manipulations of CCT and TORC1 have been found to reduce aggregates and

102  enhance cell viability in multiple model systems of HD (Sontag et al., 2013; Lee et al., 2015;
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103  Noormohammadi et al., 2016; Shen et al., 2016). TORC1 inhibition, via application of rapamycin
104  and similar drugs, has been shown to be neuroprotective in cell culture models of HD, as well as
105  in both Drosophila and zebrafish photoreceptors with mutant Huntingtin (Ravikumar et al., 2004;
106  Berger et al., 2006; King et al., 2008; Williams et al., 2008). However, the role of TORC1 and CCT
107  inregulating dendritic development in HD conditions was previously unexplored. In CIV neurons,
108  although high repeat mHTT expression results in dendritic hypotrophy and loss of underlying
109  microtubule signal like that of TORC1 and CCT LOF, we do not find evidence that mHTT disrupts

110  the TORC1-CCT dendritic arborization pathway in HD conditions.
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111  METHODS

112  Drosophila husbandry and stocks

113  The Drosophila melanogaster stocks used in this study were reared on a standard recipe of
114  cornmeal, molasses, and agar media and maintained at 25°C. Genetic crosses for live imaging and
115  immunohistochemistry were reared at 29°C. In all experiments, larvae were randomized for sex.

116 A complete list of stocks and genetic lines for this study is provided in Supplementary Table S1.

117  Immunohistochemical analysis

118  Larval dissection, mounting, and staining were performed as previously described (Grueber et
119  al., 2002; Sulkowski et al., 2011). Larvae stained for CCT, acetylated a-tubulin, and Raptor were
120  dissected and muscles removed as previously described (Tenenbaum and Gavis, 2016), and
121 fixed samples were imaged with a Zeiss LSM780 Confocal microscope under 63X magnification
122 using an oil-immersion objective. Primary antibodies used include: chicken anti-GFP (1:1000
123 dilution, Aves Labs), rabbit anti-phosphorylated S6k (1:300 dilution, Cell Signaling Technology),
124  rabbit anti-Raptor (1:200 dilution, Cell Signaling Technology), mouse anti-acetylated a-tubulin
125  (1:100 dilution, Santa Cruz Biotechnology), mouse anti-Futsch (1:100 dilution, Developmental
126 Studies Hybridoma Bank), rabbit anti-Huntingtin (1:200 dilution, Cell Signaling Technology),
127  rabbit anti-HA (1:500 dilution, Cell Signaling Technology), rat anti-CCT1 (1:200 dilution,

128  Origene), mouse anti-CCT5 (1:200 dilution, GeneTex), mouse anti-S6k (1:200 dilution,

129  Proteintech), rabbit anti-phosphorylated Akt (1:200 dilution, Cell Signaling Technology), rabbit
130  anti-Cullin1 (1:200 dilution, Invitrogen), mouse anti-B-tubulin lIA (1:500 dilution, Novus

131  Biologicals). Secondary antibodies used include: donkey anti-chicken 488 (1:2000 dilution,
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132 Jackson Immunoresearch), donkey anti-mouse 555 (1:200 dilution, Life Technologies), donkey
133  anti-mouse 568 (1:200 dilution, Life Technologies), donkey anti-mouse 647 (1:200 dilution, Life
134  Technologies), donkey anti-rabbit 568 (1:200 dilution, Life Technologies), donkey anti-rabbit
135 647 (1:200 dilution, Life Technologies), donkey anti-rat Cy3 (1:200 dilution, Jackson

136  Immunoresearch).

137  Live confocal imaging, neural reconstructions, and morphometric analyses

138  Live imaging was performed using the Zeiss LSM780 Confocal as previously described (lyer et al.,
139  2013a, 2013b). Multiple gene-specific RNAI lines were examined for each genotype and validated
140  using IHC and mutant analysis when possible. MARCM analysis was performed as previously
141  described (Sulkowski et al., 2011; lyer et al., 2013b). To generate CIV neuron MARCM clones GAL>
142 “UAS-Venus:pm SOP-FLP#42;tubP-GALS8OFRT40A (2L MARCM) flies were crossed to
143 CCT4KC09280 FRTA0A mutant flies. Maximum intensity projections of dendritic z-stacks were
144  processed and neurons reconstructed as previously described (Clark et al., 2018). Quantitative
145  morphological data (including total dendritic length and Sholl analysis) were compiled using the
146 Simple Neurite Tracer (SNT) plugin for FlJI (Ferreira et al., 2014; Arshadi et al., 2021). Batch
147  processing was completed using a custom FlJI macro and Rstudio script created by Dr. Atit A.

148  Patel (Cox Lab) and the resulting data was exported to Excel (Microsoft).

149  Live multichannel neural reconstructions

150  Multichannel cytoskeletal reconstructions and related quantitative analyses were performed
151  using the method described in (Nanda et al., 2021) and implemented in (Bhattacharjee et al.,

152 2022) for CIV cytoskeletal analysis. In brief, one primary branch and all connected distal branches
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153  in the same posterior quadrant were reconstructed for each neuron using Neutube (Feng et al.,
154  2015), then microtubule (MT) fluorescence was measured at distinct points along the dendritic
155  arbor, averaged in 20 or 40 um bins, and then normalized to 1 for comparison to controls.
156  Displayed Jupiter::mCherry fluorescence is shown as a ratio of normalized fluorescence over the
157  total path length within each bin, and can be understood as the average normalized fluorescence

158  along a single branch.

159  Co-localization analysis

160  Colocalization was performed on samples prepared via immunohistochemistry and imaged at
161 63X resolution under an oil immersion lens. A theoretical point spread function (PSF) was created
162  for each measured wavelength using FlJI's PSF Generator and the Born and Wolf 3D optical model
163  and images were deconvolved with the FlJI DeconvolutionLab?2 plugin using the Richardson-Lucy
164  algorithm (Sage et al., 2017). Cytosolic compartments of interest were traced and regions of
165 interest created using FllI, then analyzed with BIOP JacoP to produce Pearson’s Correlation and
166  Mander’s Coefficients (Bolte and Cordeliéres, 2006). Automatic thresholding based on percentile
167  was used for Mander’s Coefficients for CCT and wild-type (WT) HTT signal. Manual thresholding
168  for mHTT120-HA signal was based on the maximum intensity of off-target rabbit anti-HA signal

169 in matched controls.

170 Temperature-induced mHTT expression

171 mHTT overexpression lines were made by crossing ppkEGFP,tsGAL80;ppkGAL4 with UAS-
172  mHTTQ120-HA overexpression lines. tsGAL80 binds GAL4 at temperatures <29°C and prevents

173 transcription of UAS-driven mHTT misexpression (McGuire et al.,, 2004). However, at
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174  temperatures 229°C, tsGAL80 cannot bind GAL4 which allows mHTTQ120-HA overexpression.
175  ppkEGFP,tsGAL80;ppkGAL4 was crossed to Oregon R (WT) and UAS-mHTTQ120-HA at RT (25°C)
176  and allowed to lay eggs for three hours. Larvae were raised in two conditions: 96 hours at 25C
177  (GAL4 “off”) then stained for HTT (WT HTT), or 48 hours at 25°C followed by 48 hours at 30°C
178  (GAL4 “on”) and stained for HA (HTT120). Larvae were dissected 96 hours after egg laying (AEL)
179  as described above. Dissected larvae were stained for HTT and CCT1 or HA and CCT1 and

180 prepared and imaged as described above for all other immunohistochemical analyses.

181  mHTT aggregate inclusion body analysis

182  Inclusion body aggregates of mHTT were manually quantified using Zen Blue Lite software in
183  neurons expressing mHTTQ96-Cerulean imaged live at 20X magnification. Neuron labels were
184  coded for analysis to ensure blind conditions. Inclusion bodies were outlined using the “Draw

185  Spline Contour” tool and average area compared across genotypes.

186  Experimental design and statistical analyses

187  Statistical analyses were performed using GraphPad Prism 10. Error bars in the figures represent
188  standard error of the mean (SEM). All data were tested for normality using the Shapiro-Wilk
189  normality test. Statistical tests performed include: unpaired t-test; one-way ANOVA with
190  Dunnett’s, Sidak’s, or Tukey’s multiple comparison test (multiple comparison tests chosen based
191  on Prism 10 recommendations); two-way ANOVA with Tukey’s multiple comparison test; Mann-
192  Whitney U test; Kruskal Wallis test using Dunn’s multiple comparison test. Data points lying

193  greater than two standard deviations above or below the mean were removed. A single asterisk
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194 isused in all graphs to denote significance (p < 0.05), and detailed statistical results are available

195  in Supplementary Table S2.
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196  RESULTS

197  CCT LOF and of disruption of TORC1 pathway genes results in dendritic hypotrophy

198 CCT is required for complex dendritic arbor formation in Drosophila melanogaster CIV md
199  neurons (Das et al., 2017; Wang et al., 2020), as we have independently confirmed in this study
200  via RNAi and MARCM (Fig 1B-D, S1A-D). LOF of CCT3 and CCT5 both result in significant dendritic
201 hypotrophy and will be used throughout this study to disrupt the CCT complex. LOF of single CCT
202  subunits has previously been found to reduce expression of other CCT subunits (Freund et al.,
203  2014; Chen et al.,, 2018; Kim and Choi, 2019), and we have independently found via
204  immunohistochemistry (IHC) that CCT4 LOF results in significant reductions in CCT5 expression
205  (Fig S1E). Additionally, simultaneous RNAi knockdown of CCT4 and CCT5 results in significantly
206  lower CCT5 expression than CCT4-IR or CCT5-IR knockdowns alone (Fig S1E). Developmental time
207  course analyses reveal that CIV dendritic hypotrophy with CCT3 or CCT5 knockdowns first
208  manifests at 72 hours after egg laying (AEL) — as indicated by reductions in total dendritic length

209  (TDL) that plateau later in larval development (Fig S1F).
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Figure 1: CCT and the TORC1 pathway promote dendritic arborization. (A) Schematic diagram of regulatory
relationships between the insulin pathway, SCF complex, CCT, and TORC1 pathway with the insulin pathway
indicated by teal arrows. TORCL1 is negatively regulated by Cullinl and positively regulated by CCT. The upstream
insulin pathway in green is displayed for context but was not examined in this study. Individual components of the
SCF and TORC1 complexes examined in this study are outlined in white. (B) Representative images of CIV neurons
for key CCT and TORC1 pathway manipulations, with RNAi-mediated knockdown indicated with -IR and UAS-
mediated overexpression with -OE. Scale bars = 100 um (C) Total dendritic length of CCT and TORC1 pathway
manipulations shown in comparison to a WT control, * indicates a significant change from control (p < 0.05). (D)
Number of Sholl intersections mapped by color at increasing radial distances from soma (um). Significant changes
in Sholl maximum intersections and radius are indicated by an asterisk. Arrows indicate genotypes where the radius
of maximum intersections has shifted significantly from WT. The white dashed line is to reference the radius of
maximum intersections for WT neurons. In all panels * = p <0.05, see Supplementary Table S2 for detailed statistics.
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211 Though many clients of CCT have been identified, few have been examined alongside CCT
212 in dendritic development. There is evidence that CCT folds components of TORC1 in vitro and co-
213 operates with the insulin pathway to regulate organ size in Drosophila (Cuéllar et al., 2019; Kim
214  and Choi, 2019). Using RNAI, we knocked down key insulin pathway effector genes: Akt, Raptor,
215  and S6k — an activator, a component, and a downstream effector of TORC1, respectively (Fig 1A).
216  Efficacy of various RNAi knockdowns was confirmed by quantifying fluorescence of each protein
217  of interest in the wild-type (WT) control and RNAi knockdown conditions. Raptor RNAI results in
218  significant reductions in Raptor fluorescence relative to control (Fig S2A). S6k RNAi (S6k-IR)
219  likewise results in significant decreases in S6k (Fig S2B), and phosphorylated S6k (P-S6k)
220 expression, the active form of S6k (Fig 2A). Akt-IR also results in a significant decrease of
221 phosphorylated Akt expression (Fig S2C). Akt, Raptor, and S6k LOF all result in significant dendritic
222 hypotrophy, as measured by total dendritic length (TDL) (Fig 1B-C). Furthermore, the maximum
223 number of Sholl intersections is significantly decreased in Akt and CCT3 knockdown conditions
224  (Fig 1D), indicative of decreased branch complexity; additionally, CCT5 knockdown leads to a
225  significant shift in maximum radius toward the soma (Fig 1D). Collectively, these data

226  demonstrate both CCT and the TORC1 pathway are required for CIV dendritic development.

227  TORC1 hyperactivation results in dendritic hypertrophy

228 There is evidence in multiple model organisms that TORC1 over-activation can result in
229  increases in dendritic complexity (Diaz-Ruiz et al., 2009; Kosillo et al., 2019; Kanaoka et al., 2023).
230 InCIV neurons, overexpression (OE) of key components of the TORC1 pathway result in increased
231  complexity of dendritic arbors (Fig 1B-D). S6k OF and Akt OF both result in significantly increased

232 TDL, a significantly higher Sholl maximum, and a significantly, distally shifted Sholl maximum
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233 radius relative to controls (Fig 1B-D). In contrast, overexpression of individual subunits of CCT
234  does not produce any significant change in dendritic TDL (Fig S1G), consistent with prior studies
235 (Das et al., 2017). Overexpression of single CCT subunits has been found to be insufficient to
236  increase levels of other CCT subunits in the complex (Tam et al., 2006; Noormohammadi et al.,

237 2016).
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239 Cullin1, a scaffolding component of the SCF complex, has previously been shown to

240 regulate TORC1 activity in CIV dendrite pruning (Wong et al., 2013) through inhibition of Akt (Fig
241 1A). Another component of SCF, SkpA, was also previously reported to produce dendritic

242  hypertrophy under LOF conditions (Das et al., 2017). We find that as in SkpA LOF and Akt OE,
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243  Cullin1 LOF results in significantly increased TDL in CIV neurons (Fig 1B-C). Efficacy of Cullin1 RNAi
244  was confirmed via IHC as Cullin1 LOF leads to a significant reduction in Cullin1 fluorescence in CIV

245  neurons (Fig S2D).

246 To validate activation or inhibition of TORC1 through genetic manipulations of pathway
247  components and cytosolic interactors, we stained for the downstream product of TORC1:
248  phosphorylated S6k (P-S6k) (Fig 1A, 2A). LOF of Raptor and CCT5 significantly decrease P-S6k
249  levels, confirming disruption of TORC1 (Fig 2A). Cullin1 LOF significantly increases levels of P-S6k

250  (Fig 2A) indicating that knockdown of Cullin1 disinhibits TORC1 to phosphorylate S6k.

251  CCT regulates Raptor levels in vivo

252 CCT was recently demonstrated to fold Raptor, the regulatory component of TORC1
253  (Cuéllar et al., 2019). We confirm that this regulatory relationship is conserved in Drosophila
254  melanogaster larval sensory neurons. First, we find that CCT5 knockdown significantly decreases
255  levels of Raptor in CIV neurons from both WT and Raptor overexpression (Fig 2B, S2A). Though
256  overexpression of Raptor via UAS-Raptor-HA significantly increases Raptor fluorescence over WT
257 levels (Fig S2A), it is insufficient to increase Raptor fluorescence levels significantly in a CCT5 LOF

258  background, as measured via IHC (Fig 2B).

259 To further confirm the requirement of CCT to sustain the TORC1 pathway, we overexpress
260  S6kinthe CCT5-IR background (Fig 2 C-E). We hypothesized that if CCT were required for TORC1-
261  mediated phosphorylation of S6k, then overexpression of S6k would not be sufficient to rescue
262  either P-S6k levels or dendritic arborization. Indeed, overexpression of S6k could not return levels

263  of P-S6k fluorescence to WT conditions in a CCT5-IR background (Fig 2C). Likewise,
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264  overexpression of S6k in CCT5-IR neurons was unable to rescue CCT5 LOF-induced dendritic
265  hypotrophy (Fig 2D-E) revealing CCT is necessary for S6k OE-induced dendritic hypertrophy.
266 These data indicate that CCT is required for Raptor expression and subsequent S6k

267  phosphorylation through TORC1.

268  Cullinl regulates dendritic arborization through TORC1

269 Cullinl knockdown significantly increases levels of P-S6k fluorescence as measured
270  through IHC (Fig. 2A). Cullin1 LOF and S6k overexpression both lead to dendritic hypertrophy (Fig
271 1 B-D). However, combining Cullin1 knockdown and S6k overexpression in the same neurons
272  does not further increase dendritic complexity, and there is no significant difference in TDL

273  between the individual manipulations and the combined phenotype (Fig 2D-E).

274 We hypothesized that if Cullinl LOF were causing dendritic hypertrophy through
275  regulation of TORC1, then it would be unable to recover any of the lost complexity in CCT LOF
276  neurons, as we have established CCT is essential for TORC1 activity (Fig 2B-C). Cullin1 knockdown
277  does not significantly change TDL in a CCT3 LOF background compared to CCT3 knockdown alone
278  (Fig 2E), indicating that CCT function is required for the observed hypertrophy in Cullinl

279  knockdown neurons (Fig 2E).

280 TORC1 pathway disruption results in loss of stable microtubules

281 CCT has been demonstrated to directly fold both a- and B-tubulin (Llorca, 2000; Gestaut
282  etal., 2022) and regulate stable microtubule (MT) levels in CIV dendrites (Das et al., 2017; Wang
283 et al, 2020). We have independently confirmed that CCT LOF leads to significant reductions in

284  underlying levels of stable MTs through several measures (Figs. 3A-C, S2E). Since inhibition of the
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285  TORC1 pathway caused significant dendritic hypotrophy, and TORC1 has been previously linked
286  to cytoskeletal phenotypes (Swiech et al., 2011), we predicted that there would be underlying

287  cytoskeletal changes accompanying the loss of complexity.

288 We examined the levels of Futsch — a microtubule-associated protein (MAP), acetylated
289  oa-tubulin, and Btubulin lIA in the soma of CIV neurons. Both Futsch and acetylated a-tubulin
290 serve as markers of stable MTs (Hummel et al., 2000; Pawson et al., 2008; Weiner et al., 2016;
291  Eshun-Wilson et al., 2019), and B-tubulin IIA is a MT subunit known to be specifically folded by

292  CCT (Llorca, 2000).

293 In CIV neurons, basal levels of acetylated a-tubulin are significantly reduced in CCT3-IR,
294  CCT5-IR, Raptor-IR, S6k-IR, and Akt-IR, but are not significantly changed in Cullin1-IR, S6k OE, or
295 Akt OE (Fig 3A). Futsch is significantly decreased in TORC1 inhibition conditions: LOF of CCT3,
296  CCT5, S6k, Raptor, or Akt leads to significant reductions of Futsch fluorescence (Fig 3A). In
297  contrast, Akt and S6k overexpression leads to significant increases in Futsch signal (Fig 3A);

298  however, Cullin1-IR does not show a significant change from control.

299 CCT3 and CCT5 LOF lead to significant decreases in B-tubulin lIA, as CCT LOF does for
300 measures of MT stability (Fig 3A, S2E). Although Akt and Raptor LOF also significantly reduce B-
301  tubulin lIA fluorescence, surprisingly, S6k LOF significantly increases overall levels of B-tubulin 1A
302 compared to WT neurons. Interestingly, Cullinl also significantly decreases B-tubulin 1A

303 fluorescence (Fig S2F).
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Figure 3: TORC1 pathway manipulations alter underlying stable MT signal. (A) Heat map showing percent
change from control in acetylated a-tubulin and Futsch levels for each genetic manipulation. Each experimental
condition was compared to WT control and appropriate statistical comparisons were performed (detailed in
Supplementary Table S2). (B) Representative reconstructions of branches from WT and TORC1 genetic
manipulations — normalized mCherry::Jupiter fluorescence is coded with the rainbow spectrum shown (A.U.).
Scaled axes are provided in um. (C) Heat map representing the average normalized, binned mCherry::Jupiter
fluorescence along dendrites at increasing distances from the soma for each genotype. TORC1 inhibitions are
marked in purple and TORC1 activations in green. Genotypes found to be significantly different along the
dendritic arbor are marked with an asterisk. In all panels * = p < 0.05, see Supplementary Table S2 for detailed
statistics.
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305 We further confirm that TORC1 LOF reduces stable MT levels throughout the dendritic
306 arbor through the use of a fluorescent line marking the MT-associated protein Jupiter (UAS-
307  Jupiter::mCherry) (Das et al., 2017). CCT LOF (1-, 3-, and 5-IR) results in the steepest decline in
308  Jupiter::mCherry signal (Fig 3B-C). Similar to the effects on acetylated a-tubulin and Futsch, loss
309 of Raptor, S6k, and Akt also significantly decrease Jupiter::mCherry signal; however, Akt OE and
310 S6k OE do not significantly alter Jupiter::mCherry signal. Interestingly, Cullin1 knockdown
311  significantly decreases Jupiter::mCherry signal despite also resulting in hyper-arborization (Fig 3B-
312 (). In general, we find that TORC1 inhibition significantly decreases MT signal along the dendritic
313  arbor, and that TORC1 hyperactivation results in varied MT signal along the arbor depending on

314  the measured marker of MT stability.

315 Mutant Huntingtin expression leads to repeat length-dependent reduction in branch

316 complexity and underlying microtubule losses

317 Though CCT and TORC1 clearly regulate dendritic arborization during development in
318 homeostatic conditions, there is also great interest in examining the putative relationships of
319 these complexes to proteinopathic disease. Several studies have connected CCT to the regulation
320 of mutant Huntingtin (mHTT) protein, and there is some evidence that loss of wild-type HTT
321  disrupts neuron formation (McKinstry et al., 2014; Barnat et al., 2017). Drosophila melanogaster
322  has been used to model many HD-related phenomena, such as motor deficits, circadian rhythm
323  changes, metabolic precursors of disease, mHTT aggregate spreading in the brain, and more
324  (Krench and Littleton, 2013; Bertrand et al., 2020; Vernizzi et al., 2020; Khyati et al., 2021; Subhan
325 and Siddique, 2021). Using UAS-mediated constructs of mutant Huntingtin (see Supplementary

326 Table S1), we expressed human mHTT in CIV neurons and quantified gross morphology of the
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327 resultant dendritic arbors. Shorter repeats of mHTTQ20 and mHTTQ50 do not significantly alter
328 arbor complexity, but expression of mHTTQ93 and mHTTQ120 significantly reduce TDL from WT
329 (Fig S3A-B). We also examined HTT distribution in CIV neurons and identified somatic and
330 dendritic expression (Fig 4A). Consistent with WT HTT expression, induced expression of
331 mHTT120HA and mHTT96Cer show clear expression in soma and dendrites (Fig 4B, S3E). Though
332  mHTT misexpression lines have significantly higher overall HTT expression than WT (Fig S3G),
333  neurons expressing UAS-mHTTQ25-Cerulean do not display apparent puncta (Fig 4B). In contrast,
334  misexpression of UAS-mHTTQ96-Cerulean or UAS-mHTTQ120-HA results in aggregate inclusion

335 bodies (IBs) of mHTT forming in the dendritic arbor (Fig 4B, S3E).

336 WT HTT is thought to be involved in cellular trafficking, and there is evidence that mHTT
337  expression can destabilize MTs (Trushina et al., 2003; Subhan and Siddique, 2021). We predicted
338 that there would be underlying cytoskeletal deficits in these neurons similar to the phenotypes
339 we observe in CCT and TORC1 LOF neurons. Expression of mHTTQ96 significantly decreases
340 Futsch fluorescence levels in the soma as measured via IHC (Fig S3C). Live imaging of
341  Jupiter::mCherry, reveals that expression of mHTTQ50 does not significantly reduce stable MT
342  signal, but expression of mHTTQ93 significantly reduces stable MT signal across the arbor (Fig 4C-
343 D) as compared to the non-phenotypic mHTTQ20. Overall, expression of high repeats of mHTT

344  results in dendritic hypotrophy and underlying losses of stable MTs in CIV neurons.
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Figure 4: Expression of mHTT leads to dendritic hypotrophy parallel to TORC1 pathway. (A) Representative
image of WT HTT staining in CIV neuron — dendrite marked by dashed white lines, axon by solid lines. Scale bar
= 3 um. (B) Representative images of mHTT25-Cerulean and mHTT96-Cerulean shown with aggregate inclusion
bodies marked by white arrows for mHTT96-Cerulean. Scale bar = 10 um. (C) Representative reconstructions of
branches from WT and TORC1 genetic manipulations — normalized mCherry::Jupiter fluorescence is coded with
the rainbow spectrum shown (A.U.) (D) Heat map representing the average normalized, binned mCherry::Jupiter
fluorescence along dendrites at increasing distances from the soma for overexpressions of mHTT 20, 50, and 93
repeats. Genotypes found to be significantly different along the dendritic arbor are marked with an asterisk. (E)
Pearson’s correlation Coefficient (r) is near-zero for CCT1 and HTT co-expression in soma cytosol, however, r for
CCT1-mHTT120HA is significantly higher than CCT1-WT HTT and HA-stained Gal4 “off” controls. (F) Thresholded
Mander’s Coefficient M2 signifying overlap of two signals is significantly higher in CCT1-mHTT120HA conditions
than CCT1-WT HTT conditions. (G) TDL of Cullin1-IR and CCT5-IR in both mHTTQ25 and mHTTQ96 backgrounds
displayed as percent change from WT control. CCT5-IR decreases both mHTTQ96 and mHTTQ25 neurons to far
lower than WT, while Cullin1-IR rescues mHTT96 hypotrophy to WT levels. (H) Representative images of CIV
dendritic morphology in combined HTT and CCT5-IR or Cullin1-IR combinations. Scale bars = 100 um. In all panels
* = p <0.05, see Supplementary Table S2 for detailed statistics.

mHTT induction of dendritic hypotrophy may involve CCT and TORC1

A large number of previous studies implicate CCT in direct regulation of mHTT (Tam et al.,
2006; Shahmoradian et al., 2013; Sontag et al., 2013; Noormohammadi et al., 2016; Shen et al.,
2016; Zhao et al., 2016); therefore, we first sought to answer whether CCT regulates wild-type
Huntingtin. We found that CCT5 knockdown led to a significant decrease in soma levels of wild-

type Drosophila Huntingtin, as measured through IHC (Fig S3D).

CCT has been shown to reduce aggregation of mutant Huntingtin (mHTT) through physical
interaction in vitro (Tam et al., 2006; Shahmoradian et al., 2013), thus we predicted that subunits
of CCT would co-localize with HTT and mHTT in the cytosol. To test this prediction, we examined
the correlation of expression between CCT1 and HTT, as well as between CCT1 and mHTTQ120-
HA (Fig 4E-F, S3E). The use of the temperature-sensitive Gal4 inhibitor, ts-Gal80, allowed us to
measure HA and HTT levels in WT neurons and those with mHTTQ120-HA expressed (Gal4 “on”

as well as those with mHTTQ120-HA suppressed (Gal4 “off”) (See Methods for details) (Fig S3E).
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359 Analyses of CIV neuron soma from these genetic backgrounds reveal near-zero Pearson’s
360 correlation Coefficients (PC) between CCT1 and WT HTT as well as between CCT1 and mHTTQ120-
361  HA (Fig 4E). PCis a measurement of the linear relationship between two fluorescent labels in an
362  area of interest that ranges from -1 (perfect exclusion) to 1 (perfect colocalization) (Cordelieres
363 and Bolte, 2014). We find a small, but significant increase in the correlation for mHTT120HA from
364 its positive genetic control but no difference between mHTT120HA and WT HTT (Fig 4E). Since
365 PCis sensitive to noise and non-linear relationships between labels, we also analyzed the images
366  using Mander’s correlation Coefficient, with strict predetermined thresholds (see Methods for
367 details). The M2 statistic, which describes the fraction of the CCT1 signal overlapping with HTT,
368  was high in both WT and mHTT conditions (Fig 4F). There was a small, but significant increase in
369 the M2 statistic between WT and mHTT conditions in both soma and dendrites (Fig 4F, S3F). In
370  sum, CCT1 and both WT HTT and mHTT120-HA are clearly present in the cytoplasm of CIV soma
371  and dendrites, and though they display high overlap, we find no linear relationship between the

372  two signals at the current resolution.

373 As CCT appears to be necessary for WT HTT expression, and the two proteins show high
374  co-expression in the cytoplasm, we predicted that they might operate within the same pathway
375 to regulate dendritic arborization. After knocking down CCT5 in neurons expressing either
376  subclinical mHTTQ25-Cerulean or mHTTQ96-Cerulean, we find the combination does not show
377 potentiation of the two phenotypes. CCT5-IR appears to strongly drive the hypotrophy

378 phenotype in both mHTTQ25 and mHTTQ96 backgrounds (Fig 4G-H).

379 Previous in vitro evidence suggests that CCT may work to clear mHTT aggregates

380 (Kitamura et al., 2006; Tam et al., 2006; Shahmoradian et al., 2013; Sontag et al., 2013; Sergeeva
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381 etal, 2014; Shen et al., 2016), thus we predicted that CCT LOF may lead to higher aggregate load
382  in dendrites in vivo. However, CCT LOF in the UAS-mHTTQ96-Cerulean background does not lead
383 to a significant change in IB number or size (Fig S3H-I). Additionally, CCT5-IR in a mHTT96
384  background does not potentiate the loss of Futsch signal, which is already significantly reduced
385 in mHTTQ96 neurons (Fig S3C). Though CCT is required for WT HTT expression and shows high
386  co-expression with both WT HTT and mHTT in the cytosol, CCT LOF does not appear to exacerbate

387 IB appearance at the current resolution.

388 TORC1 activity has also been explored as an avenue for mHTT clearance, mainly through
389 inhibition via the application of rapamycin (Sarkar et al., 2008; Pryor et al., 2014; Lee et al., 2015).
390 Given HTT’s many connections to both CCT and TORC1, we predicted that expression of mHTT
391  may influence dendritic arborization through disruption of the insulin pathway and cytosolic
392  interactors CCT and Cullinl. Interestingly, knockdown of Cullin1 in the mHTTQ96 background
393 increases TDL significantly from mHTT96 alone, returning it to WT levels (Fig 4G-H). Despite
394  rescue of the dendritic hypotrophy, when Cullin1 is knocked down in a UAS-mHTTQ96-Cerulean
395  background, neither the median number, nor aggregate size, of mHTT IBs changes (Fig S3H-I).
396  Overall, though we find that CCT5 is required for WT HTT levels, and that CCT1 and HTT, as well
397 as mHTT, are both co-expressed in the cytoplasm of CIV soma and dendrites, we did not find that
398  CCT LOF and mHTT expression resulted in an additive phenotype. Interestingly, we did find that
399  Cullinl LOF was sufficient to rescue mHTTQ96-mediated defects in TDL, though it did not

400 significantly affect the appearance of mHTT dendritic IBs.
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401  DISCUSSION

402 A TORC1 cytosolic network regulates dendritic development and the underlying MT

403  cytoskeleton

404 The TORC1 pathway has many cytosolic interactors; we have illuminated the roles of two,
405 CCT and Cullinl, in dendritic development. Previous work established that CCT subunits are
406 required for CIV dendritic arbor formation (Das et al., 2017; Wang et al., 2020), and we have
407  confirmed that CCT LOF results in dendritic hypotrophy with underlying stable MT deficits.
408 Though CCT directly folds actin and tubulin monomers, we predicted that its contribution to
409  dendritic arborization may also extend to secondary regulators of the dendritic arbor, such as
410 TORC1. TORC1 has been found to regulate dendritic arbors in mammalian dopaminergic neurons
411  (Diaz-Ruiz et al., 2009; Kosillo et al., 2019, 2022), and was recently found to be regulated by CCT
412  in both Drosophila and human cell cultures (Vinayagram et al., 2016; Cuéllar et al., 2019; Kim and
413  Choi, 2019). We confirmed, in vivo, that CCT is required for WT levels of Raptor and P-S6k in
414  Drosophila CIV neurons. CCT5 knockdown significantly reduces Raptor expression levels and
415 cannot be rescued by Raptor overexpression, indicating that CCT is required for WT levels of
416 Raptor (Fig 2B). Additionally, S6k overexpression could not rescue P-S6k levels in CCT5

417  knockdown neurons, indicating that CCT is required for WT levels of P-S6k (Fig 2C).

418 Furthermore, we found TORC1 LOF results in dendritic hypotrophy while TORC1
419  hyperactivation results in dendritic hypertrophy (Fig 1B-D). The hypotrophy resulting from both
420 LOF of TORC1 and CCT is mirrored by underlying losses of stable MT markers in the soma such as

421  Futsch and acetylated a-tubulin as well as Jupiter::mCherry signal throughout the dendritic arbor
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422  (Fig 3A-C). A notable difference is that CCT, Raptor, and Akt LOF significantly reduce B-tubulin 1A
423  signal in the soma, while S6k LOF significantly increases B-tubulin lIA signal (Fig S2E). The B-
424  tubulin lIA antibody used in our experiments is not specific to either free or incorporated B-
425  tubulin lIA, so the production of free B-tubulin lIA could create increased fluorescence evenin a

426  cell with reduced stable MTs.

427 Our gross morphological findings of TORC1 LOF coincide tightly with those of a recent
428  study demonstrating that changes in nutrition result in CIV dendritic hyper-arborization and
429  subsequent changes in cell sensitivity and larval behavior (Kanaoka et al., 2023). Akt, TOR, and
430 S6k were all found to be required for hyper-arborization induced by a low-yeast diet. Levels of
431  phosphorylated Akt were increased in low-yeast diet conditions, and overexpression of Akt
432  increased dendritic complexity. Akt LOF and OE have been established to decrease and increase
433  CIV dendritic coverage, respectively (Parrish et al., 2009). In our work, LOF of Akt and S6k
434  produce dendritic hypotrophy (FiglB-D), and while we have found that there are underlying MT
435  deficits in TORC1 LOF conditions (Fig 3A-C), it remains to be seen if the cytoskeletal phenotypes

436  areinducible through diet changes.

437 Manipulations inducing TORC1 hyperactivity or disinhibition of TORC1 all result in
438  hypertrophy but have variable effects on MT markers. In our experiments, inhibition of TORC1
439 pathway genes reduces levels of acetylated a-tubulin while TORC1 hyperactivity leads to
440 increases in acetylated a-tubulin by 15-22% (Fig 3A). S6k has previously been found necessary
441  for stress-evoked acetylation of a-tubulin in mouse embryonic fibroblasts (Ha¢ et al., 2021), but
442  the mechanism connecting S6k to tubulin acetylation is still unclear. TORC1 hyperactivation

443  through S6k OE and Akt OE also increases Futsch levels; however, Cullin1-IR-mediated
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444  disinhibition of TORC1 does not show the same MT phenotypes despite similar dendritic
445  hypertrophy (Fig 3A-C). Although Cullin1-IR results in a 22% increase in acetylated a-tubulin, it
446  resultsin a mild decrease in Futsch and a significant decrease in Jupiter signal. It may be that loss
447  of Cullin1 reduces the expression or attachment of MAPs to MTs without affecting underlying MT
448  stability. Together, our data suggest that CCT and Cullin1 partially influence dendritic arborization

449  and development of the neuronal cytoskeleton through regulation of TORC1.

450 TORC1 cytosolic network and mHTT interact in the regulation of dendritic arbors

451 Although important to understand the role of TORC1 in homeostatic dendritic
452  development, TORC1 has also been extensively investigated with respect to proteinopathies,
453  including Huntington’s Disease (for recent review see (Querfurth and Lee, 2021)) as has CCT (Tam
454  etal., 2006; Shahmoradian et al., 2013; Sergeeva et al., 2014; Noormohammadi et al., 2016; Shen
455 et al.,, 2016; Zhao et al., 2016; Chen et al., 2018). Similar to TORC1 and CCT LOF phenotypes,
456  expression of high repeat human mHTT in CIV neurons reduces dendritic complexity and
457  underlying stable MT signal (Fig S3 A-B, 4C-D, G-H). We observed both WT and mutant HTT in
458  multiple neuronal compartments; furthermore, expression of mHTTQ96-Cerulean and
459  mHTTQ120-HA produced large aggregate IBs in dendritic arbors, similar to those previously

460 reported in (Krench and Littleton, 2013) (Fig 4A-B, S3E).

461 Although CCT appears to be required for WT levels of HTT, we found mixed colocalization
462  results for CCT1 and HTT (Fig 4E-F, S3F). Based on the current level of resolution, we find no linear
463  relationship between CCT1 and HTT signal in the cytoplasm despite a high degree of co-

464  expression in both soma and dendritic compartments (Fig 4E-F, S3F). The correlation between
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465 CCT1 and mHTT120HA was significantly higher than the correlation between CCT1 and HTT;
466  however, as all conditions are still far closer to zero than one, we do not assert that there is any
467  meaningful correlation between CCT1 and WT HTT or mHTT120-HA signal within the cytoplasm.
468  Given the differences between the two statistics we examined (PC and Mander’s), it is possible
469  that HTT and CCT1 have a non-linear co-expression relationship in the cytoplasm (e.g. CCT1 signal

470  could increase near mHTT aggregates but not at the rate of mHTT signal increase).

471 We also carried out genetic interaction studies between CCT and mHTT expression. When
472  combined, CCT5 LOF and mHTTQ96 expression do not display an additive dendritic phenotype:
473  arbor complexity in the mHTT96 background is reduced to the same level as that in neurons with
474  both mHTT25 and CCT5-IR (Fig 4G-H). Furthermore, CCT5-IR did not induce a change in size or
475 number of mHTT dendritic puncta in the mHTTQ96-Cerulean background (Fig S3H-1). This is in
476  contrast with previously published iPSC data, which found LOF of individual CCT subunits
477  triggered aggregation of mHTT (Noormohammadi et al.,, 2016). CIV neurons form IBs upon
478  expression of high repeat mHTT, whereas iPSCs expressing mHTT require heat or proteostatic
479  stress to induce IB formation, which may explain the discrepancy. There may also be changes in
480 the IBs that are not evident at our current experimental parameters, such as organization of

481  mHTT within the IB, or changes to temporal dynamics of IB formation.

482 Cullin1, the cytosolic inhibitor of TORC1, does show genetic interaction with mHTT
483  expression: when we knocked down Cullin1 in mHTTQ96 neurons, there was a significant increase
484  in dendritic complexity, restoring TDL to WT levels (Fig 4G-H). Unexpectedly, in this same genetic
485  background, we did not observe any change to dendritic IB size or number (Fig S3H-I). We had

486  predicted Cullin-IR would lead to an increase in IB number or size for two reasons. First, Cullini,


https://doi.org/10.1101/2023.07.31.551324
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.07.31.551324; this version posted August 2, 2023. 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.

487  as part of an E3 ubiquitin ligase, helps to ubiquitinate proteins for degradation (Gerez et al.,
488  2019), and Cullin1 LOF has been linked to increased protein aggregate load (Bhutani et al., 2012;
489  Chen et al., 2019). Second, Cullin1-IR leads to TORC1 disinhibition, which reduces autophagic
490  activity (Switon et al., 2017). Previous studies have shown that rapamycin application —inhibition
491  of TORC1 —reduces mHTT aggregation in Drosophila ommatidia and mammalian cells (Ravikumar
492 et al.,, 2004; Berger et al.,, 2006), and other studies have shown that inhibition of mTORC1
493  ameliorates mHTT pathology through increased autophagic activity (Berger et al., 2006; Roscic et
494  al., 2011; Vernizzi et al., 2020; Querfurth and Lee, 2021). However, we find in CIV neurons, Cullin1
495  knockdown increases dendritic complexity while the dendritic IB load remains unchanged. There
496 isevidence that the SCF complex is down-regulated in Parkinson’s Disease, Huntington's Disease,
497 and Spinal-Cerebellar Ataxia Type 3, and that further Cullin1 LOF exacerbates aggregate
498 phenotypes (Bhutani et al., 2012; Mandel et al., 2012a, 2012b; Chen et al., 2019). Therefore, it is
499  possible that the role of Cullinl in suppression of complex dendritic development and its role in
500 promoting degradation of protein aggregates are carried out through distinct cellular pathways.
501  There are undoubtedly several mechanisms by which complexes like TORC1, CCT, and SCF could

502 interact with protein aggregates, providing fertile ground for future studies.

503 In summary, our study shows that CCT regulates TORC1 in vivo to promote dendritic
504  arborization in homeostatic development. We further demonstrate that Cullinl inhibits TORC1
505 invivo to suppress dendritic arborization. At the cytoskeletal level, TORC1 hypo-activation leads
506 to underlying stable MT deficits, while hyper-activation and disinhibition through Cullinl
507 knockdown have distinct MT phenotypes. In proteinopathic disease conditions, high repeats of

508 mHTT lead to dendritic hypotrophy, and Cullin1 LOF can rescue mHTT-induced hypotrophy,
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509 though neither Cullin1 LOF nor CCT LOF significantly alters mHTT aggregate IB expression. Our
510 data, together with previous literature, demonstrate conserved roles of TORC1, CCT, and Cullin1

511  in dendritic regulation in healthy and diseased neurons.
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101 indicate genotypes where
788  the radius of maximum intersections has shifted significantly from WT. (E) RNAi of CCT4 or CCT5
789  lead to a significant reduction in CCT5 fluorescence relative to WT as obtained through IHC.
790 Combined knockdown of both CCT4 and CCT5 significantly reduces CCT5 expression from either
791  knockdown alone. (F) TDL of neurons at 24, 48, 72, and 96 hours after egg lay (AEL) reveal
792  significant decreases from WT in both CCT5-IR and CCT3-IR starting at 72 hours AEL. (G)
793  Overexpression of individual CCT subunits (CCT2, CCT4, or CCT5) does not significantly alter TDL
794  from their relevant control. In all panels * = p < 0.05, see Supplementary Table S2 for detailed
795  statistics.
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796

797  Figure S2: Evidence for RNAI efficacy and CCT and Cullinl regulate the TORC1 pathway in vivo.
798  (A) Heat map showing percent change in Raptor fluorescence of CCT5-IR or Raptor-IR

799  knockdowns, as well as Raptor OE as compared to controls. (B) S6k fluorescence is significantly
800 reduced in S6k-IR conditions as compared to WT. (C) P-Akt fluorescence is significantly reduced
801 in Akt-IR conditions. (D) Cullinl fluorescence is significantly reduced in Cullin1-IR conditions as
802 compared to WT. (E) Heat map showing percent change in B -tubulin IIA for each genetic

803  manipulation. Each experimental condition was compared to WT control and appropriate

804  statistical comparisons were performed. In all panels * = p < 0.05, see Supplementary Table S2
805  for detailed statistics.
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806  Figure S3: mHTT aggregates are not affected by genetic combinations despite high co-
807  expression of CCT1 and HTT. (A) TDL is significantly reduced from control in neurons expressing
808 mHTT93 or mHTT120 CAG repeats. (B) Representative images of CIV neurons expressing mHTT
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polyQ repeat transgenes reveal repeat-length dependent dendritic hypotrophy. Scale bars =
100 um. (C) Fluorescent levels of Futsch are significantly reduced in mHTTQ96 conditions and
are not significantly changed by additional CCT5-IR expression. (D) WT HTT fluorescence is
significantly reduced in CCT5 LOF conditions. (E) Representative images of WT HTT distribution
in mMHTT120HA suppressed (Gal4 “off”) and mHTT120HA distribution in Gal4 “on” conditions.
Aggregate IB indicated by arrow in dendrite. Scale bar = 3 um. (F) Mander’s M2 coefficient is
significantly increased for co-expression of CCT1 and mHTT120HA as compared to CCT1 and WT
HTT in dendrites. (G) Expression of mHTT25-Cerulean or mHTT96-Cerulean both result in
significant increases in HTT fluorescence from WT. (H) Number of mHTT aggregate IBs does not
change due to CCT5 or Cullin1 LOF. (I) mHTT aggregates in mHTTQ96Cerulean conditions do not
change in average area due to CCT5 or Cullin1 LOF. In all panels * = p < 0.05, see
Supplementary Table S2 for detailed statistics.
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822  Supplementary Genetics Table S1

Shorthand Full Genotype

WT Oregon R (ORR) (B5)

CCT3-IR UAS-CCT3-IR (v106093)
CCT5-IR UAS-CCT5-IR (B41818)
Raptor-IR UAS-Raptor-IR (B34814)

S6k-IR UAS-S6k-IR (B57016) and (B41702)
Akt-IR UAS-Akt-IR (B8191)

Cullin1-IR UAS-Cullin1-IR (B36601)
S6k-OE UAS-S6k (B6910)

Akt-OE UAS-Akt1 (B8191)

Raptor OE UAS-Raptor-HA (B53726)
Raptor-OE;CCT5-IR UAS-Raptor-HA; UAS-CCT5-IR
S6k-OE;CCT5-IR UAS-S6k; UAS-CCT5-IR
CCT3-IR;Cul1-IR UAS-CCT3-IR;UAS-Cullin1-IR
HTTQ20 UAS-human HTTQ20 (B68412)
HTTQ50 UAS-human HTTQ50 (B68413)
HTTQ93 UAS-human HTTQ93 (B68418)
HTTQ120 UAS-human HTTQ120 (B76352)

HTTQ25/HTTQ25Cer UAS-human HTTQ25-Cerulean (B58360)
HTTQ96/HTTQ96Cer UAS-human HTTQ96-Cerulean (B56771)

HTTQ25;Cul1-IR UAS-human HTTQ25-Cerulean;UAS-Cullin1-IR
HTTQ96;CCT5-IR UAS-human HTTQ96-Cerulean;UAS-CCT5-IR
HTTQ25;CCT5-IR UAS-human HTTQ25-Cerulean; UAS-CCT5-IR
mHTTQ120HA UAS-HTTQ120-HA (B68431)

CCT1-IR UAS-CCT1-IR (B32854)

CCT2-IR UAS-CCT2-IR (B34711)

CCT4-IR UAS-CCT4-IR (v22154)

CCT6-IR UAS-CCT6-IR (B43146)

CCT7-IR UAS-CCT7-IR (B34931)

CCT8-IR UAS-CCT8-IR (v103905)

40A empty FRT P{Car20y}25F;P{neoFRT}40A (B1816)
CCT4Ke09280 ey-FLP1 FRT*% CG5525°%9280 (DGRC 111690)
CCT4-IR;CCT5-IR UAS-CCT4-IR (v106099),UAS-CCT5-IR
CCT2-0OE UAS-CCT2-EGFP (B53755)

*drosCCT4 UAS-Drosophila CCT4 (k10379)

CCT5 TOE CCT5 (guide RNA) snRNA;U6:96Aa, snRNA:U6:96Ac (B78122)

Source Abbreviations | Full Center Name

B Bloomington Drosophila Stock Center
v Vienna Drosophila Resource Center
DRGC Kyoto Drosophila Stock Center

823 *Gift of Dr. Kwang-Wook Choi, KAIST, South Korea
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825  Fly lines were crossed to GAL4*”7;ppk-GAL4::GFP, with the following exceptions:

826  In mCherry:Jupiter experiments (Figs 3B-C, 4C-D) lines were crossed to UAS-GMA::GFP;GAL4*"7;UAS-
827  mCherry::Jupiter.

828 In tsG80 experiments (Figs 4E-F, S3E-F), as described in Methods, ORR and mHTTQ120HA were crossed
829  to ppk::EGFP;tsGAL80;GAL4PP

830  For MARCM analysis (Fig S1B-C), CCT4X¢%9280 3nd the 40A empty FRT control were crossed to MARCM
831 40A FLP (GAL>*°UAS-Venus:pm SOP-FLP#42;tubP-GALSOFRT40A [2L MARCM] DRGC 109947) as described
832  inthe Methods.

833  For developmental morphological analysis (Fig S1F), UAS-CCT3-IR;ppk-GAL4 and GAL4*"7;UAS-CCT5-IR
834  were crossed to nanos-GAL4;ppk-hCD4-tdTOMATO and compared to +;ppk-GAL4 and GAL4*7;+ crossed
835  to nanos-GAL4;ppk-hCD4-tdTOMATO as controls, respectively.

836  CRISPR-mediated overexpression line UAS-CCT5-TOE was crossed to dcas9;ppk-GAL4::GFP and
837  compared to ORR crossed to dcas9;ppk-GAL4::GFP as control (Fig S1G)

838
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Supplementary Statistics Table S2
Comparison Passed Statistical test used | Sig p-value | Number
Shapiro-Wilk of
Normality neurons
Test (N)
Fig 1C (TDL) One-way ANOVA &
Dunnett’s
WT vs. CCT3-IR Yes *¥Ekx* 1 <0.0001 | 13,11
WT vs. CCT5-IR Yes *¥Ekx* 1 <0.0001 | 13,12
WT vs. Raptor-IR Yes *kk 0.0002 13,10
WT vs. S6k-IR Yes *¥Ekx* 1 <0.0001 | 13,13
WT vs. Akt-IR Yes *¥*kx* 1 <0.0001 | 13,10
WT vs. Cull-IR Yes ok 0.0003 13,13
WT vs. S6k-OE Yes *¥*kx* 1 <0.0001 | 13,10
WT vs. Akt-OE Yes *¥Ekx* 1 <0.0001 | 13,11
Fig ID (Sholl Maximum) One-way ANOVA &
Dunnett’s
WT vs. CCT3-IR Yes * 0.0219 9,11
WT vs. CCT5-IR Yes ns >0.9999 |9, 14
WT vs. S6k-IR Yes ns 0.2517 9,14
WT vs. Akt-IR Yes *¥*kx* 1 <0.0001 | 9,10
WT vs. Akt-OE Yes ok 0.0012 9,11
WT vs. S6k-OE Yes *¥*kx* 1 <0.0001 | 9,10
WT vs. Cull-IR Yes ok 0.0027 9,12
Fig 1D (Sholl Radius) One-way ANOVA &
Dunnett’s
WT vs. CCT3-IR Yes ns 0.0522 9,11
WT vs. CCT5-IR Yes *¥*kx* 1 <0.0001 | 9,14
WT vs. S6k-IR Yes ns 0.9261 9,14
WT vs. Akt-IR Yes ns 0.7088 9,10
WT vs. Akt-OE Yes * 0.0126 9,11
WT vs. S6k-OE Yes *¥*kx* 1 <0.0001 | 9,10
WT vs. Cull-IR Yes ns 0.9965 9,12
Fig 2A (P-S6k IHC)
WT vs. S6k-IR No Mann-Whitney test | **** | <0.0001 | 14, 12
WT vs. CCT5-IR Yes One-way ANOVA & | *** 0.0008 9,9
Tukey’s
WT vs. Raptor-IR Yes One-way ANOVA & | ** 0.0099 14,9
Dunnett’s
WT vs. Raptor-OE Yes One-way ANOVA & | ns 0.9612 14, 16
Dunnett’s
WT vs. Cullin1-IR Yes Unpaired t-test * 0.0454 14, 13
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Fig 2B (Raptor IHC) Kruskal-Wallis &
Dunn’s
Raptor-OE vs. CCT5-IR Yes *¥Ekx* 1 <0.0001 | 17,13
Raptor-OE vs. Raptor-OE;CCT5- | Yes *kk 0.0002 17,10
IR
CCT5-IR vs. Raptor-OE;CCT5-IR No ns >0.9999 | 15, 10
WT vs. CCT5-IR Yes * 0.0355 15, 13
WT vs. Raptor-OE;CCT5-IR Yes ns 0.2341 15, 10
Fig 2C (P-S6k IHC) Kruskal-Wallis &
Dunn’s
WT vs. CCT5-IR No *¥Ekx* 1 <0.0001 | 13,10
WT vs. S6k-OE;CCT5-IR Yes *¥Ekx* 1 <0.0001 | 13,11
CCT5-IR vs. S6k-OE;CCT5-IR No 10, 11
ns 0.9773
Fig 2E (TDL) One-way ANOVA &
Sidéak’s
CCT3-IR vs. CCT3-IR;Cull-IR Yes ns 0.9534 10, 10
Cullin1-IR vs. S6k-OE;Cul1-IR Yes ns 0.7985 13,7
S6k-OE;Cull-IR vs. S6k-OE Yes ns 0.3506 7,10
S6k-OE;CCT5-IR vs. CCT5-IR Yes ns 0.0608 10, 12
Fig 3A (IHC acet tub)
WT vs. CCT3-IR Yes One-way ANOVA & | **** | <0.0001 | 14,11
Dunnett’s
WT vs. CCT5-IR Yes One-way ANOVA & | ** <0.0001 | 14, 13
Dunnett’s
WT vs. Raptor-IR No One-way ANOVA & 14,9
Dunnett’s ok 0.0006
WT vs. S6k-IR No Mann-Whitney *kk 0.0008 14, 12
WT vs. Akt-IR Yes One-way ANOVA & | * 0.0148 16, 14
Dunnett’s
WT vs. Cullin1-IR Yes Unpaired t-test ns 0.2324 14, 13
WT vs. S6k-OE Yes One-way ANOVA & 10,9
Dunnett’s ns 0.9584
WT vs. Akt-OE Yes One-way ANOVA & | ns 0.6653 16, 12
Dunnett’s
Fig 3A (IHC Futsch)
WT vs. CCT3-IR Yes Unpaired t-test *kk 0.0002 13,12
WT vs. CCT5-IR Yes Unpaired t-test * 0.0398 9,5
WT vs. Raptor-IR Yes Unpaired t-test ok 0.0089 14,11
WT vs. S6k-IR Yes Unpaired t-test * 0.0427 13,13
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WT vs. Akt-IR Yes One-way ANOVA & | *** 0.0002 14, 13

Dunnett’s
WT vs. Cullin1-IR Yes Unpaired t-test ns 0.0767 10, 13
WT vs. S6k-OE Yes One-way ANOVA & 16, 15

Dunnett’s ok 0.0004
WT vs. Akt-OE Yes Unpaired t-test *x 0.0013 10, 13
Fig 3C (mCherry::Jupiter) Two-Way ANOVA &

Tukey’s
20 um: WT vs. CCT3-IR **kEX | <0.0001 | 12,10
20 um: WT vs. CCT5-IR **kEX |1 <0.0001 | 12,10
20 um: WT vs. Raptor-IR **kEX | <0.0001 | 12,10
20 um: WT vs. S6k-IR ok 0.0035 12,11
20 um: WT vs. Akt-IR ok 0.0040 12,10
20 um: WT vs. Cullin1-IR **kEX | <0.0001 | 12,11
20 um: WT vs. S6k-OE ns 0.8037 12,10
20 um: WT vs. Akt-OE ns >0.9999 | 12,10
40 um: WT vs. CCT3-IR **kE* | <0.0001 | 12,10
40 um: WT vs. CCT5-IR **kEX | <0.0001 | 12,10
40 um: WT vs. Raptor-IR **kEX |1 <0.0001 | 12,10
40 um: WT vs. S6k-IR ok 0.0035 12,11
40 um: WT vs. Akt-IR ok 0.0040 12,10
40 um: WT vs. Cullin1-IR **FEX | <0.0001 | 12,11
40 um: WT vs. S6k-OE ns 0.8037 12,10
40 um: WT vs. Akt-OE ns >0.9999 | 12,10
60 um: WT vs. CCT3-IR **kE* | <0.0001 | 12,10
60 um: WT vs. CCT5-IR **kEX | <0.0001 | 12,10
60 um: WT vs. Raptor-IR **kE* | <0.0001 | 12,10
60 pum: WT vs. S6k-IR ok 0.0035 12,11
60 pum: WT vs. Akt-IR ok 0.0040 12,10
60 um: WT vs. Cullin1-IR **kEX | <0.0001 | 12,11
60 um: WT vs. S6k-OE ns 0.8037 12,10
60 um: WT vs. Akt-OE ns >0.9999 | 12,10
80 um: WT vs. CCT3-IR **kEX | <0.0001 | 12,10
80 um: WT vs. CCT5-IR **kEX | <0.0001 | 12,10
80 um: WT vs. Raptor-IR **kEX | <0.0001 | 12,10
80 pum: WT vs. S6k-IR ok 0.0035 12,11
80 pum: WT vs. Akt-IR ok 0.0040 12,10
80 pm: WT vs. Cullin1-IR **FEX | <0.0001 | 12,11
80 pm: WT vs. S6k-OE ns 0.8037 12,10
80 um: WT vs. Akt-OE ns >0.9999 | 12,10
100 um: WT vs. CCT3-IR **kEX | <0.0001 | 12,10
100 um: WT vs.CCT5-IR **kEX | <0.0001 | 12,10
100 pm: WT vs. Raptor-IR **kEX | <0.0001 | 12,10
100 um: WT vs. S6k-IR ok 0.0035 12,11



https://doi.org/10.1101/2023.07.31.551324
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.07.31.551324; this version posted August 2, 2023. 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.

100 um: WT vs. Akt-IR ok 0.0040 12,10
100 um: WT vs. Cullin1-IR ¥k 1 <0.0001 | 12,11
100 um: WT vs. S6k-OE ns 0.8037 12,10
100 um: WT vs. Akt-OE ns >0.9999 | 12,10
120 pm: WT vs. CCT3-IR *Ex*k 1 <0.0001 | 12,10
120 pm: WT vs. CCT5-IR *ExEk 1 <0.0001 | 12,10
120 pm: WT vs. Raptor-IR **kE* | <0.0001 | 12,10
120 um: WT vs. S6k-IR ok 0.0035 12,11
120 um: WT vs. Akt-IR ok 0.0040 12,10
120 um: WT vs. Cullin1-IR ¥k 1 <0.0001 | 12,11
120 um: WT vs. S6k-OE ns 0.8037 12,10
120 um: WT vs. Akt-OE ns >0.9999 | 12,10
140 pm: WT vs. CCT3-IR *ExEk 1 <0.0001 | 12,10
140 pm: WT vs. CCT5-IR *ExEk 1 <0.0001 | 12,10
140 pm: WT vs. Raptor-IR **kEX | <0.0001 | 12,10
140 um: WT vs. S6k-IR ok 0.0035 12,11
140 pm: WT vs. Akt-IR ok 0.0040 12,10
140 um: WT vs. Cullin1-IR *ExEk 1 <0.0001 | 12,11
140 um: WT vs. S6k-OE ns 0.8037 12,10
140 um: WT vs. Akt-OE ns >0.9999 | 12,10
160 pm: WT vs. CCT3-IR *ExEk 1 <0.0001 | 12,10
160 pm: WT vs. CCT5-IR *ExEk 1 <0.0001 | 12,10
160 pm: WT vs. Raptor-IR **kEX | <0.0001 | 12,10
160 um: WT vs. S6k-IR ok 0.0035 12,11
160 um: WT vs. Akt-IR ok 0.0040 12,10
160 um: WT vs. Cullin1-IR *ExEk 1 <0.0001 | 12,11
160 um: WT vs. S6k-OE ns 0.8037 12,10
160 um: WT vs. Akt-OE ns >0.9999 | 12,10
180 pm: WT vs. CCT3-IR *ExEk 1 <0.0001 | 12,10
180 pm: WT vs. CCT5-IR *Ex*k 1 <0.0001 | 12,10
180 pm: WT vs. Raptor-IR **kEX |1 <0.0001 | 12,10
180 um: WT vs. S6k-IR ok 0.0035 12,11
180 um: WT vs. Akt-IR ok 0.0040 12,10
180 um: WT vs. Cullin1-IR *ExEk 1 <0.0001 | 12,11
180 um: WT vs. S6k-OE ns 0.8037 12,10
180 um: WT vs. Akt-OE ns >0.9999 | 12,10
200 pm: WT vs. CCT3-IR *Ex*k 1 <0.0001 | 12,10
200 pm: WT vs. CCT5-IR *Ex*k 1 <0.0001 | 12,10
200 pum: WT vs. Raptor-IR **kEX | <0.0001 | 12,10
200 pum: WT vs. S6k-IR ok 0.0035 12,11
200 pum: WT vs. Akt-IR ok 0.0040 12,10
200 um: WT vs. Cullin1-IR *ExEk 1 <0.0001 | 12,11
200 pum: WT vs. S6k-OE ns 0.8037 12,10
200 um: WT vs. Akt-OE ns >0.9999 | 12,10
220 um: WT vs. CCT3-IR *Ex*k 1 <0.0001 | 12,10
220 um: WT vs. CCT5-IR *Exk 1 <0.0001 | 12,10
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220 um: WT vs. Raptor-IR **kEX | <0.0001 | 12,10
220 um: WT vs. S6k-IR ok 0.0035 12,11
220 um: WT vs. Akt-IR ok 0.0040 12,10
220 um: WT vs. Cullin1-IR *ExEk 1 <0.0001 | 12,11
220 pum: WT vs. S6k-OE ns 0.8037 12,10
220 um: WT vs. Akt-OE ns >0.9999 | 12,10
240 pm: WT vs. CCT3-IR *ExEk 1 <0.0001 | 12,10
240 pm: WT vs. CCT5-IR *Exk 1 <0.0001 | 12,10
240 um: WT vs. Raptor-IR **kE* | <0.0001 | 12,10
240 um: WT vs. S6k-IR ok 0.0035 12,11
240 pum: WT vs. Akt-IR ok 0.0040 12,10
240 um: WT vs. Cullin1-IR *ExEk 1 <0.0001 | 12,11
240 pum: WT vs. S6k-OE ns 0.8037 12,10
240 um: WT vs. Akt-OE ns >0.9999 | 12,10
260 pm: WT vs. CCT3-IR *Ex*k 1 <0.0001 | 12,10
260 pum: WT vs. CCT5-IR *Exk 1 <0.0001 | 12,10
260 um: WT vs. Raptor-IR **kE* | <0.0001 | 12,10
260 um: WT vs. S6k-IR ok 0.0035 12,11
260 um: WT vs. Akt-IR ok 0.0040 12,10
260 um: WT vs. Cullin1-IR ¥k 1 <0.0001 | 12,11
260 um: WT vs. S6k-OE ns 0.8037 12,10
260 um: WT vs. Akt-OE ns >0.9999 | 12,10
280 um: WT vs. CCT3-IR *Exk 1 <0.0001 | 12,10
280 um: WT vs. CCT5-IR *ExEk 1 <0.0001 | 12,10
280 um: WT vs. Raptor-IR **kEX | <0.0001 | 12,10
280 um: WT vs. S6k-IR ok 0.0035 12,11
280 um: WT vs. Akt-IR ok 0.0040 12,10
280 um: WT vs. Cullin1-IR *ExEk 1 <0.0001 | 12,11
280 um: WT vs. S6k-OE ns 0.8037 12,10
280 um: WT vs. Akt-OE ns >0.9999 | 12,10
300 um: WT vs. CCT3-IR *Exk 1 <0.0001 | 12,10
300 pum: WT vs. CCT5-IR *Ex*k 1 <0.0001 | 12,10
300 um: WT vs. Raptor-IR **kEX | <0.0001 | 12,10
300 um: WT vs. S6k-IR ok 0.0035 12,11
300 um: WT vs. Akt-IR ok 0.0040 12,10
300 um: WT vs. Cullin1-IR *ExEk 1 <0.0001 | 12,11
300 um: WT vs. S6k-OE ns 0.8037 12,10
300 um: WT vs. Akt-OE ns >0.9999 | 12,10
320 um: WT vs. CCT3-IR *Ex*k 1 <0.0001 | 12,10
320 um: WT vs. CCT5-IR *Ex*k 1 <0.0001 | 12,10
320 um: WT vs. Raptor-IR **kEX | <0.0001 | 12,10
320 um: WT vs. S6k-IR ok 0.0035 12,11
320 um: WT vs. Akt-IR ok 0.0040 12,10
320 um: WT vs. Cullin1-IR *ExEk 1 <0.0001 | 12,11
320 um: WT vs. S6k-OE ns 0.8037 12,10
320 um: WT vs. Akt-OE ns >0.9999 | 12,10
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340 um: WT vs. CCT3-IR *Exk 1 <0.0001 | 12,10
340 um: WT vs. CCT5-IR *Ex*k 1 <0.0001 | 12,10
340 um: WT vs. Raptor-IR **kEX | <0.0001 | 12,10
340 um: WT vs. S6k-IR ok 0.0035 12,11
340 um: WT vs. Akt-IR ok 0.0040 12,10
340 um: WT vs. Cullin1-IR *ExEk 1 <0.0001 | 12,11
340 um: WT vs. S6k-OE ns 0.8037 12,10
340 um: WT vs. Akt-OE ns >0.9999 | 12,10
360 um: WT vs. CCT3-IR *ExEk 1 <0.0001 | 12,10
360 um: WT vs. CCT5-IR *Exk 1 <0.0001 | 12,10
360 um: WT vs. Raptor-IR **kEX | <0.0001 | 12,10
360 um: WT vs. S6k-IR ok 0.0035 12,11
360 um: WT vs. Akt-IR ok 0.0040 12,10
360 um: WT vs. Cullin1-IR ¥k 1 <0.0001 | 12,11
360 um: WT vs. S6k-OE ns 0.8037 12,10
360 um: WT vs. Akt-OE ns >0.9999 | 12,10
380 um: WT vs. CCT3-IR *ExEk 1 <0.0001 | 12,10
380 um: WT vs. CCT5-IR *Ex*k 1 <0.0001 | 12,10
380 um: WT vs. Raptor-IR **kEX | <0.0001 | 12,10
380 um: WT vs. S6k-IR ok 0.0035 12,11
380 um: WT vs. Akt-IR ok 0.0040 12,10
380 um: WT vs. Cullin1-IR ¥k 1 <0.0001 | 12,11
380 um: WT vs. S6k-OE ns 0.8037 12,10
380 um: WT vs. Akt-OE ns >0.9999 | 12,10
400 pm: WT vs. CCT3-IR *Ex*k 1 <0.0001 | 12,10
400 pm: WT vs. CCT5-IR *Exk 1 <0.0001 | 12,10
400 pm: WT vs. Raptor-IR **kEX |1 <0.0001 | 12,10
400 pm: WT vs. S6k-IR ok 0.0035 12,11
400 pm: WT vs. Akt-IR ok 0.0040 12,10
400 pm: WT vs. Cullin1-IR *ExEk 1 <0.0001 | 12,11
400 pm: WT vs. S6k-OE ns 0.8037 12,10
400 pm: WT vs. Akt-OE ns >0.9999 | 12,10
420 pm: WT vs. CCT3-IR *Exk 1 <0.0001 | 12,10
420 pm: WT vs. CCT5-IR *ExEk 1 <0.0001 | 12,10
420 pm: WT vs. Raptor-IR **kEX | <0.0001 | 12,10
420 pm: WT vs. S6k-IR ok 0.0035 12,11
420 pm: WT vs. Akt-IR ok 0.0040 12,10
420 pm: WT vs. Cullin1-IR *ExEk 1 <0.0001 | 12,11
420 pm: WT vs. S6k-OE ns 0.8037 12,10
420 pm: WT vs. Akt-OE ns >0.9999 | 12,10
440 pm: WT vs. CCT3-IR *ExEk 1 <0.0001 | 12,10
440 pm: WT vs. CCT5-IR *Exk 1 <0.0001 | 12,10
440 pm: WT vs. Raptor-IR **kEX | <0.0001 | 12,10
440 pm: WT vs. S6k-IR ok 0.0035 12,11
440 pm: WT vs. Akt-IR ok 0.0040 12,10
440 pm: WT vs. Cullin1-IR *ExEk 1 <0.0001 | 12,11
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440 um: WT vs. S6k-OE ns 0.8037 12,10
440 pm: WT vs. Akt-OE ns >0.9999 | 12,10
460 pum: WT vs. CCT3-IR **kEX | <0.0001 | 12,10
460 pum: WT vs. Raptor-IR **kEX | <0.0001 | 12,10
460 um: WT vs. Akt-IR ok 0.0040 12,10
460 um: WT vs. Cullin1-IR **FEX | <0.0001 | 12,11
460 um: WT vs. S6k-OE ns 0.8037 12,11
460 um: WT vs. Akt-OE ns >0.9999 | 12,10
480 um: WT vs. Akt-IR o 0.0040 12,10
480 um: WT vs. Cullin1-IR **FEX | <0.0001 | 12,11
480 um: WT vs. S6k-OE ns 0.8037 12,11
480 um: WT vs. Akt-OE ns >0.9999 | 12,10
500 pum: WT vs. Akt-IR o 0.0040 12,10
500 um: WT vs. Cullin1-IR **kEX | <0.0001 | 12,11
500 pum: WT vs. S6k-OE ns 0.8037 12,11
500 pum: WT vs. Akt-OE ns >0.9999 | 12,10
Fig 4D (HTT mCherry::Jupiter) Two-Way ANOVA &

Tukey’s
40 pum: HTT20 vs. HTT50 ns 0.9996 10,9
40 pum: HTT20 vs. HTT93 ***x | <0.0001 | 10,11
80 um: HTT20 vs. HTT50 ns 0.9996 10,9
80 um: HTT20 vs. HTT93 **%x | <0.0001 | 10,11
120 pm: HTT20 vs. HTT50 ns 0.9996 10,9
120 pm: HTT20 vs. HTT93 ***x | <0.0001 | 10,11
160 pm: HTT20 vs. HTT50 ns 0.9996 10,9
160 pm: HTT20 vs. HTT93 ***x | <0.0001 | 10,11
200 pum: HTT20 vs. HTT50 ns 0.9996 10,9
200 pum: HTT20 vs. HTT93 ***x | <0.0001 | 10,11
240 um: HTT20 vs. HTT50 ns 0.9996 10,9
240 um: HTT20 vs. HTT93 **%x | <0.0001 | 10,11
280 um: HTT20 vs. HTT50 ns 0.9996 10,9
280 um: HTT20 vs. HTT93 ***x | <0.0001 | 10,11
320 um: HTT20 vs. HTT50 ns 0.9996 10,9
320 um: HTT20 vs. HTT93 ***x | <0.0001 | 10,11
360 um: HTT20 vs. HTT50 ns 0.9996 10,9
360 um: HTT20 vs. HTT93 **%x | <0.0001 | 10,11
400 pm: HTT20 vs. HTT50 ns 0.9996 10,9
400 pm: HTT20 vs. HTT93 **%x | <0.0001 | 10,11
440 pum: HTT20 vs. HTT50 ns 0.9996 10,9
440 pum: HTT20 vs. HTT93 ***x | <0.0001 | 10,11
Fig 4E (Pearson’s) One-way ANOVA &

Sidak’s
WT (HA) GAL4 “off” vs. HTT120 | Yes ns 0.9965 11,9
(HA) GAL4 “off”
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WT control (HA) GAL4 “off” vs. | Yes ns 0.4664 11,10
HTT120 WT HTT GAL4 “off”
HTT120 (HA) GAL4 “off” vs. Yes ok 0.0045 9,11
HTT120 (HA) GAL4 “on”
HTT120 WT HTT GAL4 “off” vs. Yes ns 0.5580 10, 11
HTT120 (HA) GAL4 “on”
Fig 4F (Manders Soma)
WT HTT v HTT120HA 48 hr No Mann-Whitney ook 0.0007 10, 11
Fig 4G (HTT TDL) One-way ANOVA &

Sidéak’s
WT vs. HTTQ25 Yes ok 0.0042 11,11
WT vs. HTT96 Yes * 0.0211 11, 16
WT vs. HTTQ96;CCT5-iR Yes *k**kEk 1 <0.0001 | 11,16
WT vs. HTTQ96;Cull1-IR Yes ns 0.8400 11,9
WT vs. HTT25;CCT5-IR Yes **kE 1 <0.0001 | 11,9
WT vs. HTTQ25;Cull1-IR Yes * 0.0383 11,9
HTTQ25 vs. HTTQ25;CCT5-IR Yes *¥*kE 1 <0.0001 | 11,9
HTTQ25 vs. HTTQ25;Cull-IR Yes ns >0.9999 | 11,9
HTTQ96 vs. HTTQ96;CCT5-IR Yes ok 0.0004 16, 16
HTTQ96 vs. HTTQ96;Cull1-IR Yes ok 0.0002 16,9
HTTQ96;CCT5-IR vs. Yes 16,9
HTTQ25;CCT5-IR ns 0.9993
HTTQ96;Cull-IR vs. Yes 9,9
HTTQ25;Cull-IR ns 0.8662
Fig S1A (CCT TDL) One-way ANOVA &

Dunnett’s
WT vs. CCT1-IR Yes *k**kEk 1 <0.0001 | 13,10
WT vs. CCT2-IR Yes ns 0.1586 13,10
WT vs. CCT4-IR Yes ns 0.6527 13,10
WT vs. CCT6-IR Yes *k**kEk 1 <0.0001 | 13,10
WT vs. CCT7-IR Yes * 0.0388 13,10
WT vs. CCT8-IR Yes *k**kE 1 <0.0001 | 13,11
Fig S1B (CCT4 TDL)
40A FRT vs. CCT4K609280 No Mann-Whitney Test | *** 0.0003 11, 8
Fig S1D (CCT Sholl Max) One-way ANOVA &

Dunnett’s
WT vs. CCT1-IR Yes ok 0.0025 9,10
WT vs. CCT2-IR Yes ns 0.9665 9,10
WT vs. CCT4-IR Yes ns 0.5974 9,11
WT vs. CCT6-IR Yes * 0.0153 9,10
WT vs. CCT7-IR Yes ns 0.3998 9,10
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WT vs. CCT8-IR Yes * 0.0471 9,11
Fig S1D (CCT Sholl Radius) One-way ANOVA &

Dunnett’s
WT vs. CCT1-IR Yes ok 0.0001 9,10
WT vs. CCT2-IR Yes ns 0.2714 9,10
WT vs. CCT4-IR Yes ns 0.3769 9,11
WT vs. CCT6-IR Yes ok 0.0007 9,10
WT vs. CCT7-IR Yes ns >0.9999 |9, 10
WT vs. CCT8-IR Yes ns 0.1483 9,11
Fig S1E (CCT5 IHC) One-way ANOVA &

Sidéak’s
WT vs. CCT4-IR Yes *¥Ekx* 1 <0.0001 | 29,23
WT vs. CCT5-IR Yes ok 0.0002 29, 16
WT vs. CCT4-IR;CCT5-IR Yes *¥Ekx* 1 <0.0001 | 29,18
CCT4-IR vs. CCT4-IR;CCT5-IR Yes ok 0.0021 23,18
CCT5-IR vs. CCT4-IR;CCT5-IR Yes ok 0.0004 16, 18
Fig S1F (AEL TDL) One-way ANOVA &

Sidéak’s
24 hr: mean of genetic controls | Yes 17, 15
vs. CCT3-IR ns 0.4890
24 hr: mean of genetic controls | Yes 12,13
vs. CCT5-IR ns 0.4424
48 hr: mean of genetic controls | Yes 18, 12
vs. CCT3-IR ns 0.1891
48 hr: mean of genetic controls | Yes 10, 12
vs. CCT5-IR ns 0.6169
72 hr: mean of genetic controls | Yes 11, 14
vs. CCT3-IR ok 0.0004
72 hr: mean of genetic controls | Yes 10, 12
vs. CCT5-IR * 0.0104
96 hr: mean of genetic controls | Yes 10, 10
vs. CCT3-IR *kxk | <0.0001
96 hr: mean of genetic controls | Yes 12,12
vs. CCT5-IR *kxk | <0.0001
72 hr CCT3-IR vs. 96 hr CCT3-IR | Yes ns 0.6523 14, 10
72 hr CCT5-IR vs. 96 hr CCT5-IR | Yes ns 0.5468 12,12
Fig S1G (CCT OE TDL) One-way ANOVA &

Sidéak’s
WT vs. CCT2-OE Yes ns 0.9917 13,10
WT vs. drosCCT4 Yes ns 0.6067 13,10
dcas9 vs. CCT5 TOE Yes ns 0.2882 13,11
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Fig S2A (Raptor fluorescence

IHC)

WT vs. CCT5-IR Yes One-way ANOVA & | **** | <0.0001 | 11,14
Dunnett’s

WT vs. Raptor-IR Yes One-way ANOVA & | **** | <0.0001 | 16, 16
Dunnett’s

WT vs. Raptor-OE Yes One-way ANOVA & | *** 0.0005 16, 14
Dunnett’s

Fig S2B (S6k IHC) Unpaired t-test

WT vs. S6k-IR Yes ok 0.0071 9,8

Fig S2C (P-Akt IHC) Unpaired t-test

WT vs. Akt-IR Yes *¥Ex*k 1 <0.0001 | 11,12

Fig S2D (Cullin1 IHC) Unpaired t-test

WT vs. Cullin1-IR Yes ok 0.0013 15, 14

Fig S2E (BtubllA fluorescence)

WT vs. CCT3-IR Yes One-way ANOVA & | **** | <0.0001 | 14,11
Dunnett’s

WT vs. CCT5-IR Yes One-way ANOVA & | **** | <0.0001 | 14,15
Dunnett’s

WT vs. S6k-IR Yes Unpaired t-test * 0.0339 13,13

WT vs. Raptor-IR Yes Unpaired t-test ok 0.0078 14,11

WT vs. Akt-IR Yes One-way ANOVA & | ** 0.0055 16, 14
Dunnett’s

WT vs. Akt-OE Yes One-way ANOVA & | ns 0.4915 16, 12
Dunnett’s

WT vs. Cullin1-IR Yes Unpaired t-test * 0.0105 10, 13

Fig S3A (HTT TDL) One-way ANOVA &
Sidéak’s

WT vs. HTTQ20 Yes ns >0.9999 | 11,15

WT vs. HTTQ50 Yes ns 0.8793 11, 13

WT vs. HTTQ93 Yes *¥Ekx* 1 <0.0001 | 11,18

WT vs. HTTQ120 Yes *¥Ekx* 1 <0.0001 | 11,15

Fig S3C (HTT Futsch) One-way ANOVA &
Tukey’s

WT vs. HTT96 Yes *¥Ekx*k 1 <0.0001 | 11,11

WT vs. HTT96;CCT5-IR Yes *¥Ekx* 1 <0.0001 | 11,9

HTT96 vs. HTT96;CCT5-IR Yes ns >0.9999 | 11,9

Fig S3D (WT HTT)

WT vs. CCT5-IR Yes Unpaired t-test *kk 0.0002 11,10
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Fig S3F (M2 Dendrites)
WT HTT v HTT120HA 48 hr Yes Unpaired t-test *¥*kE 1 <0.0001 | 11,9
Fig S3G (WT HTT IHC) One-way ANOVA &

Tukey’s
WT vs. HTT25-Cer Yes * 0.0117 11,11
WT vs. HTT96-Cer Yes *k**kE 1 <0.0001 | 11,12
Fig S3H (# mHTT IB) Kruskal-Wallis &

Dunn’s
HTT96 vs. HTT96;CCT5-IR No ns >0.9999 | 15,14
HTT96 vs. HTT96;Cull-IR No ns 0.7909 15, 14
Fig S3I (area mHTT IB) Kruskal-Wallis &

Dunn’s
HTT96 vs. HTT96;CCT5-IR No ns 0.1699 16, 16
HTT96 vs. HTT96;Cul1-IR No ns >0.9999 | 16, 15
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