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Figure S1. Mitochondrial DLP1 structures on constricted and invaginated membranes.  
Human skin fibroblasts immunostained with anti-DLP1 and anti-TOM20, labeled with Atto594- 
and KK114 labeled secondary antibodies, respectively. (A) STED image overview of one cell. 
Scale bar 1 µm. (B-G) Blow-up of regions marked in (A). DLP1 stain in B shows potential circular 
structure surrounding mitochondrial outer membrane. Arrow in (F): Constricted mitochondrial 
membrane with DLP1 half-ring marking mitochondrial membrane invagination. Scale bar 200 nm. 
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Figure S2. Ghost analysis with Gaussian filter. (A) Fibroblasts from healthy controls and 
patients were stained with anti-PMP70 antibodies and secondary antibodies conjugated to 
Atto594. STED images were blurred using a Gaussian filter (250 nm). Bar graph indicates mean 
peroxisomal size. Statistics significance relative to control: *p<0.01, **p<0.001, and ***p<0.0001. 
(B) Example of smoothened STED image by 3x3 average filter and segmentation results of wild-
type peroxisomes using various Gaussian filters. Only at 100 nm filtering, distinct peroxisomal 
structures are accurately recognized.  
 
 

 

 
 
Figure S3. Comparison of PEX1-G843D and PEX1-I700fsX42.  (A) Culmulative frequency of 
the peroxisomal area of PEX1-G843D and PEX1-I700fsX42 fibroblasts. (B) Mean peroxisomal 
area of the patients’ peroxisomes in (A). p-value < 0.0001 relative to PEX1-I700fsX42, K-S test. 
Error bars show ±SEM. 
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Figure S4. STED imaging of ACAA1 ghost content in PEX13-/- patient fibroblasts. 
Immunofluorescence with anti-PMP70 (red) and anti-ACAA1 (green). (A) Circular peroxisome 
ghost with ACAA1-filled lumen. (B) Complex peroxisome ghost structure with accumulation of 
ACAA1 in the center. Scale bar 500 nm (for A and B). 
 

 
 
Figure S5. Ghost particles quantification in ZSS patient fibroblasts and control cells.  (A) 
Semi-automated analysis of number of ghost particles immunostained for PMP70. Error bars 
show SD. Significance levels (t-test) of peroxisome size are given relative to control: **p<0.001 
and ***p<0.0001. (B) Absence of correlation of peroxisome abundance with PMP70 levels and 
with ghost size. 
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Figure S6. Peroxin fluorescent fusion-protein complementation. Control and ZSS patient 
cells were transfected with peroxisomal fusion proteins and processed for immunofluorescence 
catalase using anti-catalase (anti-CAT1) antibodies. PEX2-mCit and PEX13-mGFP can rescue 
peroxisome formation in ZSS human skin fibroblasts. Scale bar 10 µm. 
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Figure S7. Peroxisomal localization of fluorescently labeled peroxins. 
Peroxin fusion proteins transiently expressed in HeLa cells for 24 hours. Cells were fixed and 
processed for immunofluorescence using anti-CAT1 (catalase) antibody labeled by donkey anti-
rabbit Cy3 secondary antibody. Scale bar 10 µm. 
 

 
 
Figure S8. STED imaging shows PEX2 and PEX13 segregate on distinct membrane 
compartments. (A) Confocal images showing co-localized PEX13 and PEX2, while the STED 
image shows the two proteins segregate on two different membrane compartments. (B) Confocal 
image and STED images showing vesicular staining of PEX2 and PEX13, no colocalization 
detected in both confocal and STED settings. HeLa cell co-transfected with PEX2-mCitirine and 
TagRFP-PEX13. PEX2-mCitirine labeled with ATTO647N nanobody and TagRFP-PEX13 
labeled with Atto594-nanobody. Scale bar 500 nm. 


