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Supplementary Figure 1: ATAD3A binds to Drp1 in HD models. (A) Proteomic analysis of Drp1 interactors in 

neuronal cells derived from HD patient-iPS cells. Neuronal cells were differentiated from HD patient- or normal 

subject-iPS cells for 40 days. Total protein lysates were subjected to immunoprecipitation (IP) with anti-Drp1 

antibodies. The immunoprecipitates were eluted from beads followed by tandem mass spectrometry analysis. (B) 

Venn diagram showing the protein numbers and overlaps of Drp1 binding proteins in cells differentiated from iPS 

cells of HD patient and normal subject. Only candidates with spectra count over 3 will be analyzed. (C) Total protein 

lysates were harvested from HD patient or normal fibroblasts. HD2: GM05539, 10 years old, Male; HD3: GM21756, 

Female; Con2: nHDF (juvenile); Con3: Huf1822 (adult). (D) Total protein lysates were harvested from frozen 

postmortem cortex of HD patients and normal subjects. Nor 1: X5302; Nor2: X5628; HD1: X5298; HD2: X5496. 

See the information of subjects in (F). IP analysis was conducted to determine Drp1 and ATAD3A interaction. All 

show representative blots above are from at least 3 independent experiments. (E) Total lysates of frozen postmortem 

caudate nucleus of normal subjects and HD patients with different disease severity (grade 1 to grade 4, slight to 

severe) were subject to IP analysis. Nor: normal subject 5256; G1: HD 3060, grade 1; G2: HD 4239, grade 2; G3: 

HD 2869, grade 3; G4: HD 2952, grade 4. The number below the blots indicate the relative density of Drp1 in 

ATAD3A immunoprecipitates (Drp1/ATAD3A in IP fraction). See the information of subjects in (F).  (F) The list of 

postmortem brain samples of HD patients and normal subjects used in Fig. 1G and Supplementary Fig. 1D, E. (G) 

Domain interaction between Drp1 and ATAD3A. Upper: HEK293 cells were expressed with the indicated ATAD3A-

Flag truncated mutants for 48 hours. Lower: HEK293 cells were co-expressed with Myc-Drp1 deletion mutants and 

ATAD3A-Flag for 48 hours. Maps of ATAD3A truncated mutants and Drp1 deletion mutants are shown. The domain 
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regions of Drp1-ATAD3A interaction are labeled as ‘+’. Shown representative blots are from at least 3 independent 

experiments.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 2: ATAD3A forms oligomers in HD.  (A) The presence and location of coiled-coil (CC) 

regions in the ATAD3A N-terminal sequence (residues 1-245) was predicted using the program MultiCoil. The 

potential of these regions to form dimeric or trimeric coiled-coils is indicated by a probability score that ranges from 

0 to 1. (B) Neuro2a cells were treated with 3-NP (5mM) at the indicated times. ATAD3A oligomerization was 

analyzed by Western blot (WB) in the presence or absence of β-ME. (C) Mitochondria were isolated from HdhQ7 

and Q111 cells followed by incubation with the crosslinker DTSSP (0.5 mM). (D) HEK293 cells were treated with 

crosslinker DSP for 5 min with the indicated doses. ATAD3A oligomers were analyzed by WB. (E) ATAD3A-Flag 

truncated mutants were expressed in HEK293 cells for 48 hours. ATAD3A oligomers were analyzed by WB with 

anti-Flag antibodies in the presence or absence of β-ME. Histogram shows the relative density of ATAD3A dimer 

versus the total level of ATAD3A in the presence of -ME.  Data are mean ± SEM of 5 independent experiments, 

one-way ANOVA with Tukey’s post-hoc test. (F) HEK293 cells expressing ATAD3A truncated mutants were 

incubated with 1% FA for crosslinking. WB was conducted. (G) HEK293 cells were co-expressed with ATAD3A-

Flag truncated mutants and Myc-ATAD3A for 48 hours. Total protein lysates were subject to IP with anti-Flag 

antibodies followed by WB with the indicated antibodies. (H) Brain sections (10 µm) from YAC128 (6 months old), 
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R6/2 (12 weeks old) and age-matched wildtype mice, and formalin-fixed patient postmortem caudate nucleus (Nor: 

ID 624, 62 years old, Male; HD: ID 2983, 30 years old, Male) were stained with anti-ATAD3A antibodies. Scale bar: 

10 µm. (I) The protein levels of ATAD3A in YAC128 (6 and 12 month) and R6/2 (12 weeks) mice. The total and 

mitochondrial levels of ATAD3A were analyzed by WB with protein lysates harvested from the striatum of YAC128 

or R6/2 mice at the indicated ages. Actin: a loading control for the total lysates. VDAC: a mitochondrial loading 

control. Shown blots in B-D, F, G, I are representative of 3 independent experiments.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 3: Effects of ATAD3A on Drp1 activation. (A) HeLa cells were transfected with 

ATAD3A-Flag truncated mutants for 48 hours. Mitochondria were isolated and Drp1 translocation to mitochondria 

were determined by WB. Histogram: quantitation of relative Drp1 mitochondrial level. VDAC was used as a 

mitochondrial loading control. 3 independent experiments. (B) ATAD3A-GFP truncated mutants were expressed in 

wildtype mouse striatal cells (left) and HD striatal cells (right). Drp1 oligomerization in total protein lysates was 

analyzed by WB with anti-Drp1 antibody in the absence of β-ME. 3 independent experiments. (C) Wildtype striatal 

cells were transfected by control siRNA or ATAD3A siRNA for 80 hours. Mitochondrial fusion/fission related 

proteins were analyzed by WB with the indicated antibodies. Shown blots are representative of 3 independent 

experiments. (D) HeLa cells were transfected with ATAD3A wildtype (WT), WT-ATAD3A K358E, ATAD3A ∆N50 

or ATAD3A ∆N50 K358E plasmids for 48 hours, and mitochondria were then isolated. Drp1 translocation to the 

mitochondria was determined by WB. VDAC was used as a mitochondrial loading control. Histogram: the 
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quantitation of relative Drp1 mitochondrial level to VDAC. 4 independent experiments. (E) HeLa cells were 

transfected with ATAD3A-GFP truncated mutants, shown in upper panel, for 48 hours. Cells were stained with anti-

Tom20 antibodies (red) and mitochondria morphology was imaged. Scale bar: 10 µm. (F) The quantitation of the 

number of cells with fragmented mitochondria.  200 cells/group were analyzed. 3 independent experiments. (G) 

HEK293 cells were expressed with Myc vector or Myc-Drp1 for 48 hours. ATAD3A protein level was analyzed by 

WB. Actin was used as a loading control. Shown blots are representative from 3 independent experiments. (H) 

ATAD3A protein level was analyzed by WB in Drp1-, Mff- or Fis1-knockout (KO) MEFs. Actin was used as a 

loading control. Shown blots are representative from 3 independent experiments. Data are mean ± SEM. One-way 

ANOVA with Tukey’s post-hoc test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 4:  Effects of ATAD3A knockdown on mitochondrial morphology in mitochondrial 

fission adaptors knockout (KO) MEFs. MFF-, Fis1- or MiD49-knockout (KO) MEFs and wildtype MEFs were 

infected with lentivirus containing ATAD3A shRNAs or control shRNA for 2 days and maintained in the cell culture 

medium containing puromycin (1 µg/ml). (A) Total cell lysates at the indicated groups were harvested, and the protein 

level of ATAD3A was determined by WB with anti-ATAD3A antibody. Actin was used as a loading control. 

ATAD3A shRNA1 (shA1) and shRNA3 (shA3) exhibited great knockdown efficacy. ATAD3A shRNA1 and 3 were 

thus used through the study. (B) MEF cells were stained with anti-Tom20 to indicate mitochondrial network. The 

boxed area was enlarged and shown in the right down corner in each of images. Scale bar: 10 µm. (C) The quantitation 

of the number of cells with fragmented mitochondria.  200 cells/group were analyzed. The data are mean ± SEM of 

3 independent experiments, one-way ANOVA with Tukey’s post-hoc test. 
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Supplementary Figure 5: Analysis of mtDNA content in cells. Mitochondrial DNA content was analyzed by qPCR 

in HdhQ7 and HdhQ111 striatal cells using primers of mtCO2, mtND2 and mtCO1 (A), and primers from D-loop 

region of mtDNA (B). (C) HdhQ7 and HdhQ111 cells were transfected with control siRNA or ATAD3A siRNA for 

3 days. mtDNA content was analyzed by qPCR with mtND2 primers. (D) mtDNA content was compared between 

Drp1 WT and KO MEFs using qPCR with primers of mtCO2, mtND2 and D-loop. (E) Drp1 WT and KO MEFs were 

stained with anti-Tom20 (red) and anti-DNA (green) antibodies. The colocalization of DNA/Tom20 was imaged. 

Scale bar: 10 µm. (F) Drp1 WT and KO MEF cells were transfected with control siRNA or ATAD3A siRNA for 4 

days, and then the total DNA was isolated for the mtDNA content analysis by qPCR. (G) Cells at the indicated groups 

were stained with anti-Tom20 and anti-DNA antibodies. The co-localization of DNA and Tom20 was analyzed by 

confocal microscopy (40X oil lens). The number of nucleoids immunopositive for both anti-DNA and anti-Tom20 

was quantitated by NIH Image J software. (H) HdhQ7 and HdhQ111 striatal cells were transfected with control 

siRNA or ATAD3A siRNA for 3 days. The mRNA levels of nucleoid components including TFAM, POLG, 

POLRMT, TWINK and SSBP1 were analyzed by qPCR. All the data are mean ± SEM of at least 3 independent 

experiments, two-way ANOVA with Tukey’s post-hoc test.  
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Supplementary Figure 6: ATAD3A K mutants. Total cell lysates of HdhQ7 and HdhQ111 cells were IP with anti-

ATAD3A antibodies followed by LC-MS analysis. (A) LC-MS/MS spectra of Kace in peptide 129-AQYQDKLAR-

137 in mouse HdhQ7 cells (Kace: m/z 567.7987). (B) The peptide sequence containing Kace is conserved among 

species. (C) Sequence alignment indicated two conserved serine sites (S2 and S48) within the first 50 amino acids. 

Computation prediction indicates S48 is the putative phosphorylated site. (D) Serine site mutagenesis was performed. 

The serine 2 or 48 was replaced to either Alanine (phosphor-deficient, S2A, S48A, S2S48A) or Aspartate (phosphor-

mimetic, S2D, S48D, S2S48D). HEK293 cells were transfected with phosphor-mutants of ATAD3A as indicated for 

48 hours. ATAD3A dimerization was determined by western blot analysis in the absence of -ME. No significant 

ATAD3A dimerization was observed among cells expressing various serine phosphorylated mutants. (E) HEK293 

cells were transfected with Myc-Drp1 and ATAD3A-Flag WT or K mutants for 48 hours. Immunoprecipitation with 

anti-Myc antibody followed by western blot with the indicated antibodies was performed to determine Myc-Drp1 

and ATAD3A-Flag interaction. Histogram shows the quantitation of relative density of Flag/Myc in Myc 

immunoprecipitates. All data are mean ± SEM of at least 3 independent experiments, one-way ANOVA with Tukey’s 

post-hoc test.  
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Supplementary Figure 7: Effects of DA1 on mitochondrial dynamics. (A) cells were treated with TAT or DA1 or 

DA2 (1 µM/day for 4 days, each). IP analysis was performed. Histogram: quantitation of ATAD3A level in Drp1 

immunoprecipitates. 4 independent experiments, two-way ANOVA with Tukey’s post-hoc test. (B) Wildtype mouse 

striatal cells were treated with TAT or DA1 (1 µM) overnight followed by exposure to 3-NP (5mM for 4 hours). IP 

analysis was performed. Histogram: the quantitation of ATAD3A levels in Drp1-immuniprecipates. 3 independent 

experiments. (C) Sequence alignment of DA1 and DA2 through species. (D) cells were treated with DA1 or TAT (1 

µM/day for 4 days), followed by incubation with crosslinker 1mM DSP (left, right) or 1% FA (middle). IP analysis 

was performed. Blots are representative of 3 independent experiments. (E) Biotin-conjugated DA1 or TAT (10 µM, 

each) was incubated with either ATAD3A-Flag or GST-Drp1 proteins. Immunoprecipitates were analyzed by WB 

with the indicated antibodies. Shown blots are representative of 3 independent experiments. (F) Left: Time course of 

Drp1 GTP hydrolysis plotted as a function of inorganic phosphate (Pi) released over time. Right: The turnover number 

(kcat) of initial Drp1 GTP hydrolysis in the absence and presence of DA1 is plotted. 3 independent experiment. (G) 

Neuo2A cells were treated with TAT or DA1 (1 µM) overnight following exposure of 3-NP (5mM) for 7 hours. 

ATAD3A dimerization was determined. Histogram: the relative density of ATAD3A dimer versus the total level of 
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ATAD3A in the presence of -ME. 4 independent experiments.  (H) HEK293 cells were expressed ATAD3A WT or 

K135E mutant. ATAD3A dimerization was determined. Histogram: the relative density of ATAD3A dimer versus 

the total level of ATAD3A in the presence of -ME.  4 independent experiments. (I) The total protein levels of 

mitochondrial dynamics proteins were determined by WB. Shown blots are representative of 2 independent 

experiments. (J) Representative DNA agarose gel of amplification of the 10kb mtDNA fragment for Fig. 6F. (K) The 

images show a cluster of neurons for Fig. 7A. Scale bar: 10 µm. Data are mean ± SEM. One-way ANOVA with 

Tukey’s post-hoc test for B, G, H. 

Supplementary Figure 8: Effects of DA1 treatment in R6/2 and YAC128 HD mice.  (A) Timeline and 

administration avenue of DA1 treatment in HD R6/2 (upper) and YAC128 (lower) mice. (B) FITC-conjugated DA1 

or TAT (1 mg/kg, each) was i.p. injected in wildtype mice for 1 day. Mouse brains were harvested and sectioned (10 

µm). FITC-conjugated DA1 was visualized by microscope. Scale bar: 10 µm. (C) Wildtype mice were treated with 

DA1 (1 mg/kg/day) or saline for 30 days using Alzet mini pumps. Thirty days of DA1 treatment had no effects on 

spleen morphology and relative weight (spleen/body weight). n=5 mice/group. (D) Body weight of wildtype 

mice treated with TAT or DA1 (1 mg/kg/day) was recorded from the age of 6 to 12 weeks. n=10 mice/group. (E) 

One hour of overall movement activity in R6/2 and wildtype mice was determined by locomotion activity chamber 

at the age 
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of 12 weeks (WT/TAT: 16 mice; WT/DA1: 10 mice; R6/2/TAT: 13 mice; R6/2/DA1: 9 mice). Shown is total traveled 

distance of mice. One-way ANOVA with Tukey’s post-hoc test. (F) Hindlimb clasping was assessed with the tail 

suspension test once a week from the ages of 8 to 12 weeks (n=10-15 mice/group). Multiple t test. (G) YAC128 and 

wildtype mice were treated with the TAT or DA1 (1 mg/kg/day) from the age of 3 to 12 months. A locomotion 

activity chamber was used to monitor 24 hours of general motility of YAC128 and wildtype mice at the indicated age 

(n=12-20 mice/group). Shown are horizontal activity, total traveled distance and movement number of mice. #, 

p<0.05 vs. HD mice treated with TAT; *, p<0.05 vs. wildtype mice treated with TAT, two-way ANOVA with Tukey’s 

post-hoc test. (H) nuclear-encoded mitochondrial respiratory related proteins were analyzed with striatal 

mitochondrial lysates of YAC128 and wildtype mice (6 months old) by WB with the indicate antibodies. Shown blots 

were from three independent experiments. (I) TFAM and PGC1α in total striatal lysates of YAC128 mice (12 months 

old) were analyzed by WB. Actin was used as a loading control. n=6 mice/group, one-way ANOVA with Tukey’s 

post-hoc test.  Data are mean ± SEM. 
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