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Supplementary Figure 1. Membrane-Associated F-TAPP Reporter fluorescence signals. A 

depolarizing voltage step to an oocyte co-expressing WT Ci-VSP and the F-TAPP reporter elicits a 

transient rise in YFP fluorescence and a parallel decrease in CFP fluorescence due to FRET, which is 

expressed as the YFP/CFP signal.  
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Supplementary Figure 2. Specific detection of Ci-VSP activity in Xenopus oocytes with new FRET 

PIP2 reporters. F-PLC (a,b) and F-TAPP (c,d) YFP/CFP fluorescence responses to depolarizing steps in 

oocytes co-expressing WT Ci-VSP (a,c) and without Ci-VSP (b,d). No background activity detected by F-

PLC (b). Small background activity detected by F-TAPP (d) (that is likely due to a native Xenopus oocyte 

VSP) is slow, only seen at high depolarizations and is expected to blunt the late phase of decrease in 

YFP/CFP signal and so lead to a small underestimate. e-g) Activity elicited by long depolarizing voltage 

steps to +120 mV (e,f,) or +180 mV (g), using F-PLC to track PI(4,5)P2 (e) or F-TAPP to track PI(3,4)P2 

(f and g, black trace). Drop in PI(4,5)P2 triggered in oocytes expressing WT Ci-VSP is sustained (e), 

whereas drop in PI(3,4)P is not. This difference can be attributed to presence of background 

PI(3,4,5)P3PI(3,4)P2 activity at strong depolarizations of a VSP that is native to Xenopus oocytes (d). 

No such background activity contaminates the F-PLC signal (e), as seen when F-PLC is expressed alone 

(b). The background VSP activity is greater at +180 mV (g, black trace) than at +120 mV (f). 
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Supplementary Figure 3. Two exponential fluorescence decrease of G214C-TMRM (G214C*) in 

response to depolarization step. Left) Fluorescence trace evoked by step to +150 mV is well fit by 

double exponential (fast = 36.5 + 7.5 s, slow = 278.2 + 12.8 s; n=8), this fast component was earlier 

associated with gating charge movement and slow component with a relaxation step
37

. Right) Voltage 

dependence of fast and slow components of G214C-TMRM fluorescence show that fast component is 

always ~10-fold faster than the slow component. This indicates that the slow component is too slow to 

account for the fast transition to the A1 active state seen by F-TAPP.  
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Supplementary Figure 4. Comparison of F-TAPP readout of activity in WT and mutant Ci-VSP 

which contains the cysteine labeling site (for TMRM) at position G214C versus Q208C. a-d) 

Enzyme activity read out by the F-TAPP reporter [rise and fall of PI(3,4)P2] is similar in WT Ci-VSP 

carrying the cysteine labeling site at G214C* (a) (as in Fig. 5) and Q208C* (b) (as in Fig 4). A minor 

difference is detected in voltage dependence and there is a better kinetic separation of the FRET 

increase in F161W/R4K into two components when the cysteine labeling site is at G214C* (c) as 

opposed to Q208C* (d). However, the major effect of the mutation is the same: the F161W/R4K 

mutant, which lacks the F3 component of VSD motion (Fig. 2h), shows a pure FRET increase, 

consistent with an entry into the A1 state and suppression of transition into the A2 state. 
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Supplementary Figure 5. F-PLC FRET response to activity of the R217E mutant of Ci-VSP. 

Activity elicited by a depolarizing voltage step to 0 mV (red trace) results in a small increase in FRET 

that is sustained for hundreds of milliseconds. 
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Supplementary Figure 6. Effect of activation of PI3 kinase by insulin on activity readout by F-

PLC and F-TAPP. Oocytes pre-treated with insulin to activate native oocyte insulin receptors, 

which, in turn, activate PI(3) kinase. This activity leads to an increase of PIP3 due to phospholylation 

of PI(4,5)P2. a, b) Pretreatment with insulin boosts the amplitude of the FRET increase component 

seen with F-PLC [accumulation of PI(4,5)P2] (a, arrow) and F-TAPP [accumulation of PI(3,4)P2] (b, 

dashed lines).  
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Supplementary Figure 7. F-PLC FRET Reporter Sequence 

 
 

 

 

Supplementary Figure 8. F-TAPP FRET Reporter Sequence 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


