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Fig. S1. WFS1 interacts with IP3R. Co-immunoprecipitation examining binding of Wfs1 with 

Ip3R1. HEK293T were transfected with Wfs1-myc. By co-immunoprecipitation with myc 

antibody, Ip3R1 can be mostly detected in the presence of Wfs1. Immunoprecipitates were 

analysed with antibody against pan-Ip3R. Input represents cell lysate. n=3 independent 

experiments.  

 

  



 

 

 

 
Fig. S2. Ca

2+
 imaging in thapsigargin-treated cells. (A) Cytosolic Ca

2+
 measured by Fluo-4 

fluorescence in control (black line, n=10) and in patient (red line, n=21) cells under thapsigargin 

treatment. (B) Maximum amplitude of Fluo-4 fluorescence in control (n=10) and patient (P1 red 

dots, n=5; P2 green dots, n=3; P3 blue dots, n=7; P4 purple dots, n=6) cells. (C) Rate of 

cytosolic Ca
2+

 rise in control (n=10) and patient (P1 red dots, n=5; P2 green dots, n=3; P3 blue 

dots, n=7; P4 purple dots, n=6) cells. (D) Rate of cytosolic Ca
2+

 decay in control (n=10) and 

patient (P1 red dots, n=5; P2 green dots, n=3; P3 blue dots, n=7; P4 purple dots, n=6) cells. Data 

are presented as mean ± SEM. NS: not significant. 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

Fig. S3. Analysis of mitochondrial respiratory rate. 

Mitochondrial complex I and complex II-dependent respiratory rate in control (C1, C2, C3) and 

patient (P1, P2, P3, P4) fibroblasts. Respiratory rate: nmol oxygen consumed/min/mg protein. 

(mean ± SEM, n=5 experiments).  

 



 

 

 
Fig. S4. NCS1 interacts with WFS1 and IP3R. (A) Co-immunoprecipitation of Wfs1-myc with 

Ncs1-Flag with antibody against Flag from lysates of transfected HEK293T. Immunoprecipitates 

were analysed by western blotting with antibodies against Flag and myc. Input represents cell 

lysate. n= 3 independent experiments. (B) Co-immunoprecipitation examining the interaction of 

Ncs1 with Ip3R1. HEK293T were transfected with Ncs1-Flag. By co-immunoprecipitation with 

Flag antibody, Ip3R1 can be mostly detected in the presence of Ncs1. Immunoprecipitates were 

analysed with antibody against pan-Ip3R. Input represents cell lysate. n=3 independent 

experiments. 

 



 

 

 
Fig. S5. Time course of siRNA-mediated knockdown of WFS1. Control fibroblasts were 

transfected with WFS1 siRNA (siWFS1) or a scrambled siRNA (siScr). Protein were isolated at 

the indicated times and the expression intensity was normalized against GAPDH. Data represent 

mean ± SEM. (n=4 experiments, *p<0.05). 

 

 

 

 

 

 

 



 

 

 

Fig. S6. Time course of siRNA-mediated knockdown of NCS1. Control fibroblasts were 

transfected with NCS1 siRNA (siNCS1) or a scrambled siRNA (siScr). Proteins were isolated at 

the indicated times and the expression intensity was normalized against GAPDH. Data represent 

mean ± SEM. (n=4 experiments, *p<0.05). 

 

 



 

 

 

Fig. S7. Representative cytosolic and [Ca
2+

]m in control and patient fibroblasts expressing 

Flag or NCS1-Flag. (A) Representative cytosolic Ca
2+

 measured by Fluo-4 fluorescence in 

control fibroblasts, P3 patient fibroblasts, P3 patient fibroblasts expressing Flag alone and P3 

patient fibroblasts expressing NCS1-Flag under histamine stimulation. (B) Representative 

mitochondrial Ca
2+

 measured by pericam fluorescence in control fibroblasts, P3 patient 

fibroblasts, P3 patient fibroblasts expressing Flag alone and P3 patient fibroblasts expressing 

NCS1-Flag under histamine stimulation.  

 

 



 

 

 

Fig. S8. Mitochondrial protein abundance in patient fibroblasts overexpressing NCS1. (A) 

Western blot of NDUFA13 (complex I) and SDHA (complex II) in patient fibroblasts transfected 

with Flag alone (lanes 1 and 3) or NCS1-Flag (lanes 2 and 4). GAPDH was used as a loading 

control. (B) Densitometric analysis of NDUFA13 and SDHA expression in patient cells 

transfected with Flag alone (Flag) or NCS1-Flag (NCS1) (mean ± SEM, n=4 independent 

experiments). (C) Western blot of UQCRC2 (complex III) and MTCO1 (complex IV) in patient 



 

 

fibroblasts transfected with Flag alone (1, 3) or NCS1-Flag (2, 4). GAPDH was used as a control 

of specificity and loading. (D) Densitometric analysis of UQCRC2 and MTCO1 expression in 

patient cells transfected with Flag alone (Flag) or NCS1-Flag (NCS1) (mean ± SEM, n=4 

independent experiments). (E) Western blot of ATP synthase (complex V) and MCU in patient 

fibroblasts transfected with Flag alone (1, 3) or NCS1-Flag (2, 4). GAPDH was used as a loading 

control. (F) Densitometric analysis of ATP synthase and MCU expression in patient cells 

transfected with Flag alone (Flag) or NCS1-Flag (NCS1) (mean ± SEM, n=4 independent 

experiments). NS: not significant. The same GAPDH loading control was used for NDUFA13 

and SDHA, and for UQCRC2 and ATP synthase. 
 

 

 

 

 

Table S1. Clinical features of control subjects and patients with Wolfram syndrome. NA: 

Not Available. 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

Table S2. TEM image analysis results. Top: Parameters of mitochondria of control (C1, C2, 

C3) and patient (P1, P2, P3, P4) fibroblasts. Bottom: Mitochondrial perimeter in contact with ER 

in control and patient fibroblasts.  Nb, Number. Pic, Picture. Mito, Mitochondria. ER, 

Endoplasmic Reticulum.  
 

 Nb 

Pic 

Nb 

Mito 

Nb 

Mito

/pic 

Total Mito 

Perimeter 

(nm) 

Mean Mito 

Perimeter 

(µm) 

Mean 

Cyto 

Area / 

pic 

(µm2) 

Mean 

Mito 

Area / 

pic 

(µm2) 

% mean 

Cyto 

Area 

occupied 

/ Mito / 

pic 

C1 19 140 7.37 118299.86 0.845 5.16 0.281 5.80 

C2 20 121 6.05 121214.08 1.002 4.97 0.326 6.93 

C3 20 142 7.10 130219.33 0.917 5.84 0.318 6.34 

Total 59 403       

Mean   6.84 123244.42 0.921 5.32 0.308 6.36 

         

P1 19 129 6.79 145350.33 1.126 4.73 0.393 8.36 

P2 20 138 6.90 134922.34 0.977 4.48 0.309 7.42 

P3 18 172 9.56 222304.03 1.29 8.24 0.764 9.18 

P4 20 220 11 267892.21 1.22 7.64 0.781 10.49 

Total 77 649       

Mean   8.56 192617.23 1.15 6.27 0.561 8.86 
 

 

 Nb Mito analysed (only 

in contact with ER) 

% Mito perimeter in contact with ER 

C1 76 17.90 

C2 48 16.61 

C3 48 17.54 

Mean  17.35 

   

P1 20 13.68 

P2 30 12.40 

P3 30 16.58 

P4 116 15.61 

Mean  14.57 

 
 

 

 

 

 

 

 

 

 

 



 

 

Table S3. Two-hybrid screening results. 
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