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Material and Methods: 
We used high-stress silicon nitride (250 MPa SiN) membranes1 supported by a Si chip as 
substrates for nanopore fabrication. Nanopores were cleaned in hot piranha (2:1 H2SO4 / H2O2) 
for 30 minutes, followed by hot deionized water, before each experiment. After cleaning, 
nanopore chips were assembled in a custom flow cell equipped with Ag/AgCl electrodes, and a 
quick-curing silicone elastomer was applied between the chip and the cell to seal the device and 
thereby reduce the noise by minimizing the chip capacitance. We have performed high-
bandwidth measurements of ionic current using a Chimera instruments VC100 amplifier2. For 
each protein, N27C and cyt c, we have used 0.5 -1 M concentration.

For the extraction of individual transitions, we first detected individual events at lower filter 
bandwidth of 500 kHz in Pyth-Ion (https://github.com/rhenley/Pyth-Ion/) and isolated those 
events where transitions between different states were observed. We noted the time window at 
which transitions take place and then saved the data as a .bin file at a higher filter bandwidth of 
2 MHz. We then uploaded the .bin files in Igor pro software and used the sigmoidal function given 
below to describe the transitions between two states. The transition state passage time was 
obtained by fitting to a sigmoidal function

𝑓(𝑥) = 𝑏 + 𝑐 × (
exp (

𝑥 ― 𝑡𝑚

𝜏𝑡𝑟𝑎𝑛𝑠𝑖𝑡
)

1 + exp (
𝑥 ― 𝑡𝑚

𝜏𝑡𝑟𝑎𝑛𝑠𝑖𝑡
)
)

Here b and c are the baseline current for initial and final states,  is the mid-point time of the 𝑡𝑚
transition, and  is the transition state passage time. Histograms and fitting of  𝜏𝑡𝑟𝑎𝑛𝑠𝑖𝑡 𝜏𝑡𝑟𝑎𝑛𝑠𝑖𝑡
distribution were constructed in Igor pro software. We used the sigmoidal function because 
prior reports3 established that the transit time ( ) obtained from the sigmoidal fit of the 𝜏𝑡𝑟𝑎𝑛𝑠𝑖𝑡
single-molecule trajectory is the same as the “molecular phase” (km

-1) obtained from ensemble 
T-jump experiments. Thus, this allows us to compare the transition state passage time with 
speed limit folding from bulk experiments, and our measured transit time consistent with the 

https://github.com/rhenley/Pyth-Ion/
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speed limit estimated/measured previously4, 5. This sigmoidal function proved accurate enough 
for our signal-to-noise ratio, i.e. significant differences from an exponential transition could not 
be detected.

-100 mV, 500kHz

-200 mV, 500kHz

Figure S1. Example ionic current traces for the interaction of N27C mutant measured with a 4 nm 
pore at -100 mV and -200 mV respectively in 1M KCl, 10 mM HEPES, pH 7.5. Measurement was 
carried out using custom instrument chimera with sampling rate of 4.167 MHz and filtered at 500 
kHz as indicated in each figure.
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Figure S2.  (A) Distribution of ∆𝐼⁄𝐼o measured with a 4 nm pore as a function of voltage. We 
performed singular value decomposition (SVD) on distributions in A. SVD decomposes 
distributions to linearly independent components (basis function U) whose contribution 
(amplitude vectors V) to the distributions varies as a function of voltage.  (B) Relative variance of 
individual SVD component. First two components have 95% contributions to the distributions 
whereas third component is only 3.4%, suggesting apparent two-state nature of N27C mutant. 
(C) Basis functions of each SVD component. (D) Relative contributions of each SVD component as 
a function of voltage. Blue curve represents sigmoidal fit of SVD2 contributions as a function of 
voltage, revealing Vmid of the voltage denaturation. 
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Figure S3. Scatterplots of blockage ratio and residence as a function of voltage for N27C measured 
with a 4 nm pore in 1M KCl, 10 mM HEPES, pH 7.5.
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Figure S4. Distribution of capture time for N27C measured at -200 mV, solid curve exponential fit 
to the distribution. Inset represent distribution on log scale with exponential fit.
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Figure S5. Example extracted transitions of U to N (red) and N to U (blue) measured with a 4nm 
pore using a custom Chimera instrument with a 4.17 MHz sampling rate at -200 mV and filtered 
at 2MHz. Solid curve represents fit with sigmoidal function yielding transit time transit between N 
and U states. Any transition timescales faster than 0.25 µs are artifactual, reflecting transition 
times that are faster than our instrumentation can detect. 
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Figure S6. Example ionic current traces for the interaction of cyt c measured with a 3 nm pore at 
-300 mV and -500 mV respectively in 1M KCl, 0.5 M Gdm-Cl, 10 mM HPES, pH 7.5 buffer. 
Measurement was carried out using custom instrument chimera with sampling rate of 4.167 MHz 
and filtered at 500 kHz as indicated in each figure.
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Figure S7. Scatterplots of blockage ratio and residence as a function of voltage for cyt c measured 
with a 3 nm pore in presence of 1 M KCl, 0.5 M Gdm-Cl, 10 mM HPES, pH 7.5 buffer. 
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Figure S8.  Distribution of ∆𝐼⁄𝐼o measured with a 3 nm pore for cyt c as a function of voltage in 1 
M KCl, 0.5M Gdm-Cl, 10 mM HPES, pH 7.5 buffer.



S-10

Figure S9. Example multi-state transitions for cyt c measured at -300 mV in 1 M KCl, 0.5 M Gdm-
Cl, 10 mM HPES, pH 7.5 buffer.
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Figure S10. Example extracted transitions for cyt c measured at -300 mV. Time scale bar in each 
plot is same as in top left plot.
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Figure S11. Example extracted transitions for cyt c measured at -500 mV.
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Figure S12. Example extracted longer transitions (transit > 5 s) for cyt c measured at -300 mV. 
Scale bar in each plot is same.
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