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Supplementary Figure Legends 

Figure S1. Inhibition of Orai1 mediated ICRAC is irreversible and less accessible to MTSES 

(a) Average traces showing whole cell current density (CD) over time extracted at -130mV in HEKS1 

cells transfected with 1 µg WT Orai1, measured in control condition (black) or from cells treated only 

with 1 mM H2O2 for 10 min (red) or followed by incubation with DTT for less (dark grey) or more 

(light grey) than 30 min before current recording. (b) Average CDmax recorded from cells measured in 

a. (c) Average traces showing CD development over time from HEKS1 cells transfected as in a and 

treated with 500 µM MTSES (red) or 500 µM MTSEA (blue) for 10-15 min before current recording 

and compared to control treated cells (black). (d) Average CDmax recorded from cells measured in c. 

(e) Chemical structure of MTSEA and MTSES. 

 

Figure S2 Effects of ROS on apparent open probability and reaction diffusion model. 

(a) Traces showing apparent open probability (Po) of Orai1 channels expressed in HEKS1 cells and 

measured under control conditions (black, n=6) or after treatment with H2O2 (red, n=6). The inset 

shows example traces depicting the resulting tail currents during a step voltage to -100 mV from cells 

subjected to voltage steps of 20 mV from -160 to +80 mV over 100 ms. (b) Schematic representation 

of the stepwise multimerization of STIM1 dimers, translocation of multimers to plasma membrane 

junction regions (grey boxes), recruitment of Orai1 dimers, trapping of STIM1-Orai1 complexes into 

junctional regions and possible dissociation of STIM1 and Orai1 from focal activation regions. (c) 

Traces showing change of ICRAC as a function of Orai1 to STIM1 protein ratio as predicted from the 

stochastic reaction diffusion model under control conditions (WT, black) compared to predicted 

currents upon heteromeric channel formation between oxidized (locked) and non-oxidized subunits. 

Coloured traces represent different fractions of inhibited channels: 0.5 (red), 0.95 (green) and 0.99 

(blue). (d) Traces showing predicted current development over time in control conditions (black) and 

under the influence of a slowed diffusion (green, altered diffusion rate), after implementation of all 

altered reaction parameters in the stochastic reaction diffusion model (blue, altered reaction 

parameters) and upon inclusion of locked channel subunits at a fraction of 0.95 (red, Olocked/Ototal = 

0.95). Representative points of experimentally measured currents in control conditions and after 

treatment with H2O2 are depicted as black and red crosses, respectively.  

 

  



Supplementary Methods 

 

The stochastic reaction-diffusion model 

 

Similar to 1,2 we simulated the interaction between STIM1 and Orai1 proteins in a stochastic reaction-

diffusion model using Gillespie's algorithm 3 with some technical extensions 4. The model now 

accounts for multiple ER-plasma membrane junctional regions (grid cells named PMJ) of different 

sizes into which both, STIM1 oligomers and Orai1 dimers, are able to diffuse, which is described as 

hopping to a neighbouring grid cell. The hopping constant kD is derived from the diffusional constant 

D and the length of a grid cell squared l2: kD = D / l2. While interaction of Orai1 and STIM1 is confined 

to PMJs, oligomerization of STIM1 can take place outside these areas. 

In total an area of a (100 × 100) grid cells (sample volumes, SV) is modelled, representing an area of 

0.1 µm × 0.1 µm, and continuous boundary conditions were adopted. Within the PMJ the following 

reactions are allowed: STIM1 dimers are able to form oligomers in form of dimers of dimers, these 

STIM1 oligomers are able to anchor to the PMJ and become stationary (kD = 0 1/s) where they trap 

Orai1 dimers. The model assumes non-cooperative interaction of Orai1 subunits accounted for by 

introducing factors α and β to the reaction constants (Table S2). One CRAC channel complex consists 

of one STIM1 dimer of dimers and one Orai1 dimer and cannot diffuse out of its subvolume. Two of 

these channel complexes form an intermediate CRAC channel state and finally, three subunits build 

up a fully open hexameric channel. Figure S2b depicts the reaction scheme. The model also 

introduces a “stealing mechanism” to represent a continuous assembly-disassembly of the channel 

states (reactions in lines 6 and 7 of Fig S2b). ICRAC is predicted by forming a linear combination of all 

CRAC channel states weighted with different open probabilities.  

For different ratios of Orai1/STIM1 the model predicts an altered current density at  steady state 

(600 s) with a maximum at a ratio of 0.5 (Fig S2c, see also 1).  

In addition, the model was modified to introduce and account for the locked channel subunits (OH) 

that can replace one or more open subunit in the channel complex. The different combinations of 

locked to open channel subunits result in species with graded states of conductivity. The model 

predicts the current density from the sum of the number of sub-states (N) multiplied by the 

corresponding conductivity (c) and weighted by a new constant δ that accounts for current inhibition 

(see equations below). The  steady-state values of ICRAC resulting by changing the ratio of locked to 

total Orai1  OH / Otot  show the same tendency to be affected by Orai1/STIM1 ratio whereby the 

current density is smaller with higher fraction of locked Orai1 (Fig S2c). 

 



𝐼𝐶𝑅𝐴𝐶 =   𝑐1𝑁|𝑂⟩ + 𝑐2𝑁|𝑂𝑂⟩ + 𝑐3𝑁|𝑂𝑂𝑂⟩

+ 𝛿(𝑐1𝑁| 𝑂𝐻 ⟩ +  𝑐2𝑁|𝑂𝐻𝑂𝐻
+  𝑐3𝑁|𝑂𝐻𝑂𝐻𝑂𝐻⟩)

+  
𝑐2

2
(1 + 𝛿)𝑁|𝑂𝑂𝐻⟩

+
𝑐3

3
(2 + 𝛿)𝑁|𝑂𝑂𝑂𝐻⟩ + 

𝑐3

3
(1 + 2𝛿)𝑁|𝑂𝑂𝐻𝑂𝐻⟩ 

 

With c1 = 0.125, c2 = 0.5 and c3 = 1 

 

 

Species Abbreviation Diffusion 
constant in µm2/s 

Hopping rate 
in 1/s 

Proteins 

STIM dimer 𝑆2 0.1 10 

Dimer of STIM dimers 𝑆4 0.05 5 

Dimer of STIM dimers attached 
to the PM 

𝐾4 0 0 

Orai dimer 𝑂2 0.07 7 

H2O2 inhibited Orai dimer 𝑂2,𝐻 0.07/1.5 7/1.5 

Channel subunit composed of 

𝑂2 +  𝐾4 |𝑂⟩ 0 0 

𝑂2,𝐻 +  𝐾4 |𝑂𝐻 ⟩ 0 0 

Intermediate channel state composed of 

|𝑂⟩ + |𝑂⟩ |𝑂𝑂⟩ 0 0 

|𝑂⟩ + |𝑂𝐻⟩ |𝑂𝑂𝐻⟩ 0 0 

|𝑂𝐻⟩ + |𝑂𝐻⟩ |𝑂𝐻𝑂𝐻⟩ 0 0 

Fully open channel composed of 

|𝑂⟩ + |𝑂⟩ + |𝑂⟩  |𝑂𝑂𝑂⟩ 0 0 

|𝑂⟩ + |𝑂⟩ + |𝑂𝐻⟩  |𝑂𝑂𝑂𝐻⟩ 0 0 

|𝑂⟩ + |𝑂𝐻⟩ + |𝑂𝐻⟩  |𝑂𝑂𝐻𝑂𝐻⟩ 0 0 

|𝑂𝐻⟩ + |𝑂𝐻⟩ + |𝑂𝐻⟩  |𝑂𝐻𝑂𝐻𝑂𝐻⟩ 0 0 

 

Table S1  

List of all SOCE components introduced in the stochastic model including their diffusion constant and 

the corresponding hopping rate. 

 

 

  



Reaction Rate 

𝑆2 +  𝑆2 → 𝑆4 𝑘1 

𝑆4 →  𝑆2 + 𝑆2 𝑘2 

𝑆4 + 𝑃𝑀𝐽 → 𝐾4 + 𝑃𝑀𝐽 𝑘3 

𝐾4 + 𝑃𝑀𝐽 → 𝑆4 + 𝑃𝑀𝐽 𝑘4 

𝐾4 +  𝑂2  →  |𝑂⟩ 𝑘5 

|𝑂⟩  →  𝐾4 +  𝑂2 𝑘6 

|𝑂⟩ +  |𝑂⟩  →  |𝑂𝑂⟩ 𝑘7 = 𝛼𝑘5 

|𝑂𝑂⟩ →  |𝑂⟩ + |𝑂⟩ 𝑘8 = 𝛽𝑘6 

|𝑂𝑂⟩ +  |𝑂⟩  →  |𝑂𝑂𝑂⟩ 𝑘9 = 𝛼2𝑘5 

|𝑂𝑂𝑂⟩ →  |𝑂𝑂⟩ + |𝑂⟩ 𝑘10 = 𝛽2𝑘6 

𝐾4 +  𝑂2,𝐻  →  |𝑂𝐻⟩ 𝑘5̃ = 𝑘5 ∙ 1,4 

|𝑂𝐻⟩  →  𝐾4 +  𝑂2,𝐻 𝑘6̃ = 𝑘6 ∙ 1,4 

|𝑂𝐻⟩ + |𝑂𝐻⟩  →  |𝑂𝐻⟩ 𝑘7̃ = 𝑘7 ∙ 1,4/2.25 

|𝑂𝐻𝑂𝐻⟩ →  |𝑂𝐻⟩ +  |𝑂𝐻⟩ 𝑘8̃ = 𝑘8 ∙ 1,4/2.25 

|𝑂𝐻𝑂𝐻 ⟩ +  |𝑂𝐻⟩  →  |𝑂𝐻𝑂𝐻𝑂𝐻⟩ 𝑘9̃ = 𝑘9 ∙ 1,4/2.25 

|𝑂𝐻𝑂𝐻𝑂𝐻⟩ →  |𝑂𝐻𝑂𝐻⟩ +  |𝑂𝐻⟩ 𝑘10̃ = 𝑘10 ∙ 1,4/2.25 

|𝑂⟩ +  |𝑂𝐻⟩  →  |𝑂𝑂𝐻⟩ 𝑘7̃ 

|𝑂𝑂𝐻⟩ →  |𝑂⟩ + |𝑂𝐻⟩ 𝑘8̃ 

|𝑂𝑂⟩ +  |𝑂𝐻⟩  →  |𝑂𝑂𝑂𝐻⟩ 𝑘9̃ 

|𝑂𝑂𝑂𝐻⟩ →  |𝑂𝑂⟩ + |𝑂𝐻⟩ 𝑘10̃ 

|𝑂𝑂𝐻⟩ +  |𝑂𝐻⟩  →  |𝑂𝑂𝐻𝑂𝐻⟩ 𝑘9̃ 

|𝑂𝑂𝐻𝑂𝐻⟩ →  |𝑂𝑂𝐻⟩ +  |𝑂𝐻⟩ 𝑘10̃ 

|𝑂𝐻𝑂𝐻⟩ +  |𝑂⟩  →  |𝑂𝑂𝐻𝑂𝐻⟩ 𝑘9̃ 

|𝑂𝑂𝐻𝑂𝐻⟩ →  |𝑂𝐻𝑂𝐻⟩ +  |𝑂⟩ 𝑘10̃ 

|𝑂𝑂𝑂⟩ + |𝑂⟩ →  |𝑂𝑂⟩ +  |𝑂𝑂⟩ 𝑘9 

|𝑂⟩ + 𝑂2 → 𝑂2 + 𝑂2 + 𝑆2 + 𝑆2 𝑘11 = 2𝑘5 

|𝑂𝐻𝑂𝐻𝑂𝐻⟩ +  |𝑂𝐻⟩ →  |𝑂𝐻𝑂𝐻⟩ + |𝑂𝐻𝑂𝐻⟩ 𝑘9̃ 

|𝑂𝐻⟩ + 𝑂2,𝐻 → 𝑂2,𝐻 + 𝑂2,𝐻 + 𝑆2 + 𝑆2 𝑘11̃ = 𝑘11 ∙ 1,4 

|𝑂𝑂𝑂⟩ +  |𝑂𝐻⟩ →  |𝑂𝑂⟩ +  |𝑂𝑂𝐻⟩ 𝑘9̃ 

|𝑂𝑂𝑂𝐻⟩ + |𝑂⟩ →  |𝑂𝑂⟩ +  |𝑂𝑂𝐻⟩ 𝑘9̃ 

|𝑂𝑂𝑂𝐻⟩ +  |𝑂𝐻⟩ →  |𝑂𝑂𝐻⟩ +  |𝑂𝑂𝐻⟩ 𝑘9̃ 

|𝑂𝑂𝑂𝐻⟩ +  |𝑂𝐻⟩ →  |𝑂𝑂⟩ +  |𝑂𝐻𝑂𝐻⟩ 𝑘9̃ 

|𝑂𝑂𝐻𝑂𝐻⟩ + |𝑂⟩ →  |𝑂𝑂𝐻⟩ +  |𝑂𝑂𝐻⟩ 𝑘9̃ 

|𝑂𝑂𝐻𝑂𝐻⟩ +  |𝑂⟩ →  |𝑂𝑂⟩ + |𝑂𝐻𝑂𝐻⟩ 𝑘9̃ 

|𝑂𝑂𝐻𝑂𝐻⟩ +  |𝑂𝐻⟩ →  |𝑂𝑂𝐻⟩ +  |𝑂𝐻𝑂𝐻⟩ 𝑘9̃ 

|𝑂𝐻𝑂𝐻𝑂𝐻⟩ + |𝑂⟩ →  |𝑂𝑂𝐻⟩ +  |𝑂𝐻𝑂𝐻⟩ 𝑘9̃ 

|𝑂⟩ + 𝑂2,𝐻 → 𝑂2 + 𝑂2,𝐻 + 𝑆2 + 𝑆2 𝑘11̃ 

|𝑂𝐻⟩ + 𝑂2 → 𝑂𝑂2,𝐻 + 𝑂2 + 𝑆2 + 𝑆2 𝑘11̃ 

 

Table S2 

A full list of all possible channel configurations and corresponding rates 

  



Parameter Value 

𝑘1 
4.8 ∙ 105

𝑚3

𝑚𝑜𝑙 ∙ 𝑠
 

𝑘2 
0.01

1

𝑠
 

𝑘3 
1.8 ∙ 106

𝑚3

𝑚𝑜𝑙 ∙ 𝑠
 

𝑘4 
0.3

1

𝑠
 

𝑘5 
4.8 ∙ 105

𝑚3

𝑚𝑜𝑙 ∙ 𝑠
 

𝑘6 
0.1

1

𝑠
 

𝛼 0.8 

𝛽 0.8 

 

Table S3 

Corresponding values for the rate constants and the factors α and β 
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