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Figure S1. 

 

 

 
 
Figure S1. Synthetic scheme of six derivatives from the isoquinolinium core scaffold. Reagents 
and reaction conditions: (A) 190-210 °C, 0.01 atm, 30 min; (B) BCl3, CH2Cl2, 0 °C → rt, 6 h; (C) 
BBr3, CH2Cl2, -20 °C --> rt, 6 h; (D) Accl, pyridine, 0 °C → rt, 4 h.   
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Figure S2. 

 

 

 
Figure S2. Development and verification of ALT001 (A) BEAS-2B expressing mt-Keima cells 
were treated with isoqulinolium derivatives (15 μM) for 24 h, and mitophagy levels were analyzed 
by flow cytometry. The results from three biological replicates are shown as the mean ± SD (B) 
BEAS-2B cells expressing mt-Keima were treated with ALT001 (15 μM) or CCCP (10 μM) for 24 h, 
and mitophagy levels were analyzed by flow cytometry. The results from three biological replicates 
are shown as the mean ± SD. (C) HeLa cells expressing mitoYFP were treated with ALT001 (15 μM) 
or CCCP (10 μM) for 24 h, and fluorescence intensity was analyzed by confocal microscopy. Scale 
bar: 10 μm. Quantified fluorescent intensities from three biological replicates with five images per 
biological repeat are shown on the right as the mean ± SD. (D) BEAS-2B cells expressing mt-Keima 
were treated with ALT001 (15 μM) for the indicated times, and mitophagy levels were analyzed by 
flow cytometry. The results from four biological replicates are shown as the mean ± SD. (E-F) 
HeLa-Parkin cells (E) and HEK293 cells (F) expressing mt-Keima were treated with ALT001 (15 
μM) for 24 h, and mitophagy levels were analyzed by flow cytometry. The results from three 
biological replicates are shown as the mean ± SD. Significance was determined by Student’s t test (E, 
F) or one-way ANOVA (B, C, D) with Šidák’s multiple-comparison test. *P < 0.05; **P < 0.01; 
***P < 0.001; ****P < 0.0001, NS, not significant. 
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Figure S3. 

 
 
 
Figure S3. Analysis of mitophagy-specific induction and dependency of the canonical 
mitophagy pathway of ALT001. (A) Quantitative analysis of the protein levels depicted in Fig. 2D. 
The data represent the mean ± SD obtained from three independent biological replicates. (B) 
Quantification of the protein levels shown in Fig. 2F. The data represents the mean ± SD obtained 
from three independent biological replicates. (C) Quantification of LC3B type II protein levels 
shown in Fig. 2G. The data represent the mean ± SD obtained from four independent biological 
replicates. (D) Wild-type (WT) and ATG7 knockout (KO) HeLa cells expressing Parkin were treated 
with either CCCP (10 µM) for 2 h or ALT001 (15 µM) for 24 h, and western blot analysis was 
performed using the indicated antibodies. (E) BEAS-2B cells expressing control nontargeting 
shRNA (shPINK1 -) or PINK1 shRNA (shPINK1 +) were treated with either CCCP (10 μM) or 
ALT001 (15 μM) for 24 h, and western blot analysis was performed using the indicated antibodies. 
Significance was determined by Student’s t test (A) or one-way ANOVA (B, C) with Šidák’s 
multiple-comparison test. *P < 0.05; **P < 0.01; ***P < 0.001. 
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Figure S4. 

 
 
Figure S4. Verification of the alternative mitophagy pathway dependency of ALT001. (A) 
Protein levels of ULK1 and Rab9 in BEAS-2B cells expressing control nontargeting shRNA (shNT), 
ULK1 shRNA (shULK1) or Rab9 shRNA (shRab9), as shown in Fig. 3F and G. (B) HEK293 cells 
were treated with ALT001 (15 µM) for 12 h, and western blot analysis was performed using the 
indicated antibodies. Quantitative analysis of the protein levels shown on the right as the mean ± SD. 
(C-F) HEK293 cells expressing shULK1 (C-D) or shRab9 (E-F) were treated with ALT001 (15 µM) 
for 12 h, and mitophagy levels were analyzed by flow cytometry (C-E). Western blot analysis was 
performed using the indicated antibodies (D-F). The results from four biological replicates (C-E) are 
shown as the mean ± SD. Numbers below the corresponding western blot represent densitometric 
analysis normalized to Actin. Significance was determined by Student’s t test (B) or two-way 
ANOVA (C-E) with Šidák’s multiple-comparison test. ****P < 0.0001.  
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Figure S5. 

 
 
Figure S5. Verification of mitophagy induction by ALT001 in SH-SY5Y cells. (A-C) SH-SY5Y 
cells expressing mt-Keima were treated with ALT001 (15 μM) for 24 h, and mitophagy levels were 
analyzed by flow cytometry (A) and confocal microscopy (B). The results from three biological 
replicates are shown on the right as the mean ± SD. Western blot analysis was performed using the 
indicated antibodies (C). Numbers below the corresponding blot represent densitometric analysis 
normalized to actin. (D) SH-SH5Y cells were treated with ALT001 (15 µM) for 12 h, and western 
blot analysis was performed using the indicated antibodies. Numbers below the corresponding 
western blot represent densitometric analysis normalized to actin. (E) SH-SY5Y cells expressing mt-
Keima were treated with ALT001 (15 μM) together with brefeldin A (BFA; 0.01 μg/ml) for 12 h, and 
mitophagy levels were analyzed by flow cytometry. The results from three biological replicates are 
shown as the mean ± SD. (F) SH-SY5Y cells expressing control nontargeting shRNA (shNT) or 
Rab9 shRNA (shRab9) were treated with ALT001 (15 μM) for 12 h, and mitophagy levels were 
analyzed by flow cytometry. The results from three biological replicates are shown as the mean ± SD. 
Significance was determined by Student’s t test (A, B) or two-way ANOVA (E, F) with Šidák’s 
multiple-comparison test. **P < 0.01; ***P < 0.001; NS, not significant. 
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Figure S6. 

 
 
Figure S6. Induction of mitophagy in vivo by ALT001. (A) Primary cortical neurons were isolated 
from FVB-mt-Keima mice and treated with ALT001 (5 µM) for 8 h. The levels of mitophagy were 
determined by confocal microscopy. Scale bar: 10 μm. Quantified mitophagy levels from three 
biological replicates with five images per biological repeat are shown on the right as the mean ± SD. 
(B) Primary cortical neurons were isolated from mt-Keima mice and treated with ALT001 for 24 h at 
the indicated concentration. Western blotting analysis was performed using the indicated antibodies. 
Numbers below the corresponding blot represent densitometric analysis normalized to Actin. (C-D) 
mt-Keima male mice were treated with ALT001 (1 mg/kg) or vehicle (Veh) for 7 days via nasal 
administration. Hippocampal tissue was isolated and western blot analysis was performed using the 
indicated antibodies (B). Quantified protein levels are shown as the mean ± SD (C). (n = 4 or 5 per 
group) (E) FVB-mt-Keima male mice were treated with ALT001 (1 mg/kg) by intranasal 
administration daily for 7 days, and mt-Keima fluorescence was analyzed by confocal microscopy. 
Scale bar: 20 μm. Quantified mitophagy levels from four mice with two images per mouse are shown 
on the right as the mean ± SD. Significance was determined by Student’s t test (A, D, E) *P < 0.05; 
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**P < 0.01; ***P < 0.001.  
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Figure S7. 
 

 

 
Figure S7. ALT001 restores memory function in the Tg2576 mouse model. Hippocampal LTP was 
assessed in 9-month-old Tg2576 male mice treated with ALT001 (1 mg/kg) (triangle, n = 6) or vehicle 
(Veh, n = 5) by intranasal administration daily for 4 weeks. Error bars indicate the SEM. 
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Figure S8. 

 

 
 
Figure S8. Verification of Rab9 knockdown upon Rab9 shRNA AAV injection into 
hippocampus. (A) FVB-mt-Keima mice were injected with Rab9 shRNA AAV (AAV shRab9) or 
control shRNA AAV (AAV shNT) into hippocampus. After 2 weeks injection, vehicle (Veh) or 
ALT001 (1 mg/kg) treated via nasal administration for 7 days, the hippocampal tissue was isolated 
and western blot analysis was performed using the indicated antibodies (AAV shNT vehicle, n = 4; 
AAV shNT ALT001, n = 4; AAV shRab9 shNT, n = 4, AAV shRab9 ALT001 n = 7). (B) Quantified 
protein levels shown in (A) are presented as the mean ±SD. Significance was determined by two-
way ANOVA with Šidák’s multiple-comparison test. *P < 0.05.  
 


