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Supplementary Figure S1. Effect of proline concentration on ΔΨmt and NADH 

autofluorescence of isolated mouse kidney mitochondria. No substrates were present 

prior to addition of mitochondria. (A-C) Time course of safranine O signal indicative of ΔΨmt 

(arbitrary units A.U.). Glutamate (G), malate (M), succinate (S), 1 µM SF and proline (Pro) 

added at the concentrations where indicated. (A) No targeted inhibition of electron transfer 

pathways.  (B) Rotenone prior to addition of mitochondria. (C) Myxothiazol (Myx) prior to 

addition of mitochondria. (D) Time course of NADH autofluorescence (arbitrary units A.U.). 

Concentrations of Pro: black (a): 0 mM, red (b): 0.25 mM, green (c): 0.5 mM, orange (d): 2 mM, 

blue (e): 5 mM, magenta (f): 10 mM. 

 



 

Supplementary Figure S2. Coenzyme Q (Q) redox state recorded simultaneously with 
oxygen consumption rate and rhodamine 123 fluorescence in isolated mouse kidney 
mitochondria using the NextGen-O2k. No substrates were present before addition of 
mitochondria; proline (Pro) added at the concentrations indicated; succinate (S, 5 mM); 0.25 
µM SF. (A-C) Time course of oxygen consumption, Q redox state, and rhodamine 123 
fluorescence indicative of ΔΨmt (arbitrary units A.U.), respectively. (D-F) As in A, B, and C, but 
with rotenone in the medium. 
 



 



Supplementary Figure S3. Effect of proline concentration on respiration, ΔΨmt, and 
NADH autofluorescence of isolated mouse kidney mitochondria. Time courses of (A) 
oxygen consumption, (B) NADH autofluorescence, and (C) rhodamine 123 fluorescence 
indicative of ΔΨmt (arbitrary units A.U.), recorded simultaneously from the same kidney 
mitochondria using the NextGen-O2k and aligned on the dashed grey lines. No substrates 
were present prior to addition of mitochondria. Concentrations of proline (Pro): black (a): 0 
mM, red (b): 0.25 mM, green (c): 0.5 mM, orange (d): 2 mM, blue (e): 5 mM. 
 



 

Supplementary Figure S4. Effect of proline concentration on ΔΨmt and NADH 
autofluorescence of mitochondria isolated from mouse brain (A, B) and mouse heart 



(C, D). No substrates were present prior to addition of mitochondria; proline (Pro) added at 
the concentrations where indicated. (A) Time course of safranine O signal indicative of ΔΨmt 
(arbitrary units A.U.). Glutamate (G) and malate (M) added where indicated. 1 µM SF. (B) Time 
course of NADH autofluorescence (arbitrary units A.U.). Red trace: 10 mM proline. (C) Time 
course of safranine O signal indicative of ΔΨmt (arbitrary units A.U.). Glutamate (G) and malate 
(M) added where indicated. 1 µM SF. (D) Time course of NADH autofluorescence (arbitrary 
units A.U.). Pro: black (a): 0 mM, red (b): 1 mM, green (c): 2 mM, orange (d): 5 mM, blue (e): 
10 mM, magenta (f): 20 mM. (E-G) Time courses of oxygen consumption, Q redox state and 
rhodamine 123 fluorescence indicative of ΔΨmt (arbitrary units A.U.), respectively, recorded 
simultaneously in the same brain mitochondria using the NextGen-O2k and aligned on the 
dashed grey lines. 0.25 µM SF. Black trace: GM; red trace: GM and 5 mM Pro. 
 



 



Supplementary Figure S5. The effects of THFA on kidney mitochondria. (A) Time course 
of safranine O signal indicative of ΔΨmt (arbitrary units, A.U.) in isolated kidney mitochondria. 
No substrates were present in the buffer prior to addition of mitochondria. Proline (Pro, 10 
mM), glutamate (G), malate (M), succinate (S), ADP and 1 µM SF added where indicated. Red 
trace: plus 5 mM THFA; green trace: plus 10 mM THFA. (B-D) Time courses of oxygen 
consumption, Q redox state and rhodamine 123 fluorescence indicative of ΔΨmt (arbitrary 
units A.U.), respectively, recorded simultaneously from the same kidney mitochondria using 
the NextGen-O2k and aligned on the dashed grey lines. GM and itaconate (10 mM) always 
present. Black traces: GM and itaconate (10 mM), red traces: plus 10 mM Pro; green traces: 
plus 10 mM proline and 10 mM THFA where indicated. 
 

 

Supplementary Figure S6. The effect of proline on ANT directionality in isolated mouse 
kidney mitochondria as a function of targeted inhibition of electron transfer pathways 
using various substrate-inhibitor combinations. Traces are time courses of safranine O 
signal calibrated to ΔΨmt. GM always contained in the medium. Itaconate (Itac, 5 mM), 
ketobutyrate (2 mM) where indicated. (A) Black (a): GM; red (b): GM and 0.25 mM proline 



(Pro); green (c): GM and 0.5 mM Pro; orange (d): GM and 2 mM Pro; blue (e): GM and 5 mM 
Pro; magenta (f): GM and 10 mM Pro. (B) Black (a): GM; red (b): GM & itaconate; green (c): 
GM & itaconate and 0.25 mM Pro; orange (d): GM & itaconate and 0.5 mM Pro; blue (e): GM & 
itaconate and 2 mM Pro; magenta (f): GM & itaconate and 5 mM Pro; cyan (g): GM & itaconate 
and 10 mM Pro. (C) Black (a): GM; red (b): GM & ketobutyrate; green (c): GM & ketobutyrate 
and 0.25 mM Pro; orange (d): GM & ketobutyrate and 0.5 mM Pro; blue (e): GM & ketobutyrate 
and 2 mM Pro; magenta (f): GM & ketobutyrate and 5 mM proline. (D) Black trace: GM; red 
trace: GM and 10 mM proline added after myxothiazol (Myx). (E) Black trace: GM; red trace: 
GM and 10 mM proline added after NaCN (CN, 1 mM). (F) As in B, but in traces d, f and h 
proline was present in the media prior to addition of mitochondria. Black (a): GM present in 
the buffer; red (b): GM and Itac present in the buffer; green (c): GM and Itac present in the 
buffer, 0.5 mM Pro added at 400 s; orange (d): GM, Itac and 0.5 mM Pro present in the buffer 
from the begining; blue (e): GM and Itac present in the buffer; 2mM Pro added at 400 s; 
magenta (f): GM, Itac and 2 mM Pro present in the buffer from the beginning; cyan (g): GM 
and Itac present in the buffer, 5 mM Pro added at 400 s; silver (h): GM, Itac and 5 mM Pro 
present in the buffer from the beginning. 
 

 

Supplementary Figure S7. The effect of THFA and S-5-oxo on proline-induced changes 
of ANT directionality in isolated mouse kidney mitochondria. Traces are time courses of 
safranine O signal calibrated to ΔΨmt. GM always contained in the medium. Proline (Pro, 10 
mM) where indicated. (A) Itaconate (2 mM) where indicated. Black (a): GM; red (b): GM & 
itaconate; green (c): GM & proline; orange (d): GM & proline & itaconate; blue (e): GM & 
proline & itaconate and 1 mM THFA; magenta (f): GM & proline & itaconate and 2 mM THFA; 
cyan (g): GM & proline & itaconate and 5 mM THFA; grey (h): GM & proline & itaconate and 
10 mM THFA; brown (i): GM & proline & itaconate and 15 mM THFA. (B)  Itaconate (6 mM) 
where indicated. Black (a): GM; red (b): GM & itaconate; green (c): GM & proline; orange (d): 
GM & proline & itaconate; blue (e): GM & proline & itaconate and 10 mM S-5-oxo; magenta (f): 
GM and 10 mM S-5-oxo. 
 



 

Supplementary Figure S8. The effect of proline on ANT directionality in isolated mouse 
brain mitochondria. Traces are time courses of safranine O signal calibrated to ΔΨmt. 
Pyruvate (P, 5 mM), glutamate (G), malate (M), βOH (2 mM), itaconate (2 mM) where 
indicated. (A) Black (a): GM; red (b): GM and 0.25 mM proline (Pro); green (c): GM and 0.5 
mM Pro; orange (d): GM and 2 mM Pro; blue (e): GM and 5 mM Pro; magenta (f): GM and 10 
mM Pro. (B) Black (a): GM; red (b): GM & itaconate; green (c): GM & itaconate and 2 mM Pro; 
orange (d): GM & itaconate (2 mM) and 5 mM Pro; blue (e): GM & itaconate and 10 mM Pro. 
(C) Black trace: G; red trace: G & 5 mM Pro; green trace: G & 10 mM Pro. (D) Black trace: P; 
red trace: P & 5 mM Pro. (E) Black (a): GM; red (b): GMβOH; green (c): GMβOH & 0.25 mM 
Pro; orange (d): GMβOH & 0.5 mM Pro; blue (e): GMβOH & 2 mM Pro; magenta (f): GMβOH & 
5 mM Pro. 
 



 

Supplementary Figure S9. The effect of proline on ANT directionality in isolated mouse 
heart mitochondria. Traces are time courses of safranine O signal calibrated to ΔΨmt. βOH (5 
mM), where indicated. (A) GM always contained in the medium, increasing concentrations of 
proline (Pro); black (a): 0 mM; red (b): 5 mM; green (c): 10 mM; orange (d): 20 mM; blue (e): 
40 mM. (B) GM always present in the medium, 5 mM itaconate (Itac) present in the medium 
when indicated, Pro added where indicated. Black trace (a): GM; red (b): GM and Itac; green 
(c): GM, Itac and 5 mM Pro; orange (d): GM, Itac and 10 mM Pro; blue (e): GM, Itac and 20 mM 
Pro; magenta (f): GM, Itac and 30 mM Pro. (C) Black trace: G; red trace: G & 5 mM Pro. (D) 
Black trace: GM; red trace: GMβOH; green trace: GMβOH & 5 mM Pro. 
 



 

Supplementary Figure S10. The effect of proline on CAT-induced changes in Q redox 
state and its abolition by myxothiazol. Oxygen consumption rate (A, D), Q redox state (B, 
E), and rhodamine 123 fluorescence (C, F) indicative of ΔΨmt (arbitrary units A.U.) measured 
simultaneously in the same mouse kidney mitochondria using the NextGen-O2k and aligned 
on the dashed grey lines. 0.25 µM SF. (A-C) Rotenone (Rot), GM and increasing concentrations 
of Pro; black (a): 0 mM; red (b):  0.25 mM; green (c):  0.5 mM; orange (d):  2 mM; blue (e):  5 
mM; magenta (f): 10 mM. (D-F) Myxothiazol (Myx, 0.1 µM). Black traces: GM & 10 mM 
itaconate; red traces: 10 mM Pro added where indicated. 



 



Supplementary Figure S11. No effect of proline on Q redox state of anoxic kidney 
mitochondria. Oxygen concentration (A), Q redox state (B), and rhodamine 123 fluorescence 
(C) indicative of ΔΨmt (arbitrary units A.U.) measured simultaneously in the same mouse 
kidney mitochondria using the NextGen-O2k and aligned on the dashed grey lines. Black 
traces: GM & 5 mM itaconate; red traces: GM & 5 mM itaconate plus 10 mM proline added 
where indicated. 0.25 µM SF. 

 



 

Supplementary Figure S12. The effect of proline on F1FO-ATPase directionality in 
isolated mouse kidney mitochondria as a function of targeted inhibition of electron 
transfer pathways using various substrate-inhibitor combinations. Traces are time 
courses of safranine O signal calibrated to ΔΨmt. (A) GM and increasing concentrations of Pro; 



black (a): 0 mM; red (b):  0.25 mM; green (c):  0.5 mM; orange (d): 2 mM; blue (e): 5 mM; 
magenta (f): 10 mM. (B) GM (trace a) or GM & 5 mM itaconate (trace b to g), and increasing 
concentrations of Pro; black (a): 0 mM; red (b): 0 mM; green (c): 0.25 mM; orange (d): 0.5 mM; 
blue (e): 2 mM; magenta (f): 5 mM; cyan (g): 10 mM. (C) Black (a): GM; red (b): GM and 10 mM 
Pro; green (c): GM and 10 mM Pro and 2 mM THFA; orange (d): GM and 10 mM Pro and 5 mM 
THFA; blue (e): GM and 10 mM Pro and 10 mM THFA; magenta (f): GM and 2 mM THFA; cyan 
(g): GM and 5 mM THFA; grey (h): GM and 10 mM THFA. (D) Black (a): GM; red (b): GM & 5 
mM itaconate; green (c): GM and 10 mM Pro; orange (d): GM & 5 mM itaconate and 10 mM 
Pro; blue (e): GM & 5 mM itaconate and 10 mM Pro and 2 mM THFA; magenta (f): GM & 5 mM 
itaconate and 10 mM Pro and 5 mM THFA; cyan (g): GM & 5 mM itaconate and 10 mM Pro and 
10 mM THFA; grey (h): GM and 2 mM THFA; brown (i): GM and 5 mM THFA; dark green (j): 
GM and 10 mM THFA. (E) Black (a): GM; red (b): GM and 5 mM Pro; green (c): GM & 1 nM SF 
added @500 s; orange (d): GM & 1 nM SF added @500 s and 5 mM Pro; blue (e): GM & 2 nM 
SF added @500 s; magenta (f): GM & 2 nM SF added @500 s and 5 mM Pro; cyan (g): GM & 3 
nM SF added @500 s; grey (h): GM & 3 nM SF added @500 s and 5 mM Pro. (F) myxothiazol 
(Myx); black trace: GM; red trace: GM and 10 mM Pro. (G) NaCN (CN); black trace: GM; red 
trace: GM and 10 mM proline. 
 



 



Supplementary Figure S13. The effect of proline on oligomycin-induced changes in Q 

redox state. Time courses of oxygen consumption, Q redox state, and rhodamine 123 

fluorescence indicative of ΔΨmt (arbitrary units A.U.), respectively, recorded simultaneously 

from the same liver mitochondria using the NextGen-O2k and aligned on the dashed grey 

lines. 0.25 µM SF. Black trace: GM; red trace: GM and 5 mM Pro. 


