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Supplementary Figure S1. Effect of tyrosine phosphorylation at position 48 on the structure 

of human cytochrome c. (Upper) Left: Superimposition of ribbon representations for wild-type 

Cc (red, PDB: 2N9I1) and its Y48pCMF variant (blue, PDB: 2N3Y2) in the reduced state. Location 

of Cys104—used for immobilization on Au(111) surface—is marked in yellow.  Right: detailed 

view of the heme group, iron axial ligands (Met80 and His18) and Tyr48/pCMF48 residues, 

highlighting how phosphorylation induces drastic structural changes at the heme environment and 

tyrosine-harboring loop. (Lower) Surface representation of wild-type Cc (left, red) and its 

Y48pCMF variant (right, blue), with color ranging from lighter to darker for every residue 

depending on the intensity of their interaction with Cc1, as determined by NMR spectroscopy.2 

The conformational adjustment induced by tyrosine phosphorylation enhances the heme group 

(green) solvent accessibility. The pictures were created with the UCFS Chimera software.3 
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Supplementary Figure S2. a, Schematics of the experimental set-up for current-distance (I-z) 

spectroscopy studies of cytochrome c (Cc) under bipotentiostatic control in near to physiological 

environment in EC-STM. Abbreviations: WE, working electrode; RE, reference electrode; CE, 

counter electrode. b, EC-STM image of 400x400 nm of Cc immobilized on Au(111) electrode 

through the C-terminal mutation E104C. Current set point = 0.3 nA. c, Cyclic voltammetry of 

Au(111) electrodes modified with Cc (orange) and Y48pCMF Cc (navy). The corresponding 

reduction (Uc) an oxidation (Ua) peaks for the Fe3+/Fe2+ couple are indicated. d, Ensemble of semi-

logarithmic current-distance (I-z) curves obtained during probe retraction (15 nm from the set 

point at 12 nm/s) for Cc (orange) and Y48pCMF Cc (navy). Current set point = 0.4 nA. e, 

Histograms of distance decay factors (β) quantified from individual curves in d, and the 

corresponding plot of the averaged β values from gaussian fit (mean ± s.d.) showing no 

statistically significant differences (P < 0.05). β = 3 ± 1 nm-1 for both Cc (n = 75) and Y48pCMF 

Cc (n = 82). All the experiments were performed in 50 mM phosphate buffer, pH 6.5. Us = -200 

mV and at constant bias of 800 mV. 
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Supplementary Figure S3. MD simulations side view of the average water concentration (M) 

map at the X-axe plane dissecting both Cc1-Cc redox active sites facing each other, set 3.2 nm 

apart taking the most external hydrogen atom from the -CH3 distal pairs from each heme group, 

that is 4.2 nm taking the Fe-to-Fe distance, in the aqueous medium, at the same plane as Figure 4 

of the main text. (a) Cc1-Cc, (b) Cc1-Y48pCMF Cc in silico, (c), Cc1-pY48 Cc (O-phospho-L-

tyrosine) with charge –1, (d) Cc1-pY48 Cc (O-phospho-L-tyrosine) with charge –2. Each contour 

line displays an increase of 50 units in concentration. No major differences in water concentration 

are observed and only a mild higher mobility of the phosphorylated Cc is perceived. Y48pCMF 

Cc displays a more accessible surface for water molecules due to a more flexible structure. (e, f) 

Side view of the averaged sodium concentration (M) map at the X-axe plane dissecting both Cc1 

– Cc redox-active sites (pY48 Cc q-1 (e) and pY48 Cc q-2 (f), respectively) facing each other as 

described. Each contour line displays an increase of 0.15 M.  
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Supplementary Figure S4. Complex III activity with WT or Y48pCMF Cc as the electron 

acceptor. Activities were measured by monitoring the absorption changes at 550 nm and reported 

as mean ± s.d. of at least three independent experiments, showing significant differences 

(***P<0.001). 
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