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Figure S1. Far-UV CD spectra of the different mutant variants of MNEI. Spectra of the native 

(solid lines) and unfolded (dashed lines) states are shown for the TNB-labeled (red lines) and 

unlabeled (blue lines) proteins. 



Figure S2. Equilibrium unfolding curves of the different mutant variants of MNEI measured 

by monitoring the far-UV CD signal at 222 nm. The blue and red circles correspond to the 

unlabeled and TNB-labeled protein signals, respectively. The solid line passing through each 

dataset is a non-linear, least-squares fit to a two-state unfolding model 1.



Figure S3. Equilibrium unfolding curves of the different TNB-labeled mutant variants of 

MNEI monitored using fluorescence at 360 nm (upright triangles) and far-UV CD at 222 nm 

(circles). The solid line passing through each dataset is a non-linear, least-squares fit to a two-

state unfolding model 1



Figure S4. MEM-derived fluorescence lifetime distributions of the unlabeled mutant variants 

of MNEI at different GdnHCl concentrations. Different colors correspond to various 

concentrations of GdnHCl, as described separately in each panel. The x-axis has been plotted 

on a log scale. The amplitude has been normalized to the sum of amplitudes for each 

distribution.



Figure S5. Cooperative changes during equilibrium unfolding monitored by the relative sum 

of amplitudes under the N-like and U-like distributions for three TNB-labeled proteins. The 

red and green circles represent the relative sum of amplitudes for the U-like and N-like 

populations, respectively. The relative sum of amplitudes for each population is the sum of 

amplitudes of the distribution for that population divided by the sum of amplitudes of the 

distributions for both the N-like and U-like populations. The solid line passing through each 

dataset is a non-linear, least-squares fit to a two-state unfolding model 1.



Figure S6. Quantification of the movement in the MEM peak position for the TNB-labeled 

proteins. Red and green circles represent the peak lifetimes of the N-like (short lifetime) and 

U-like (long lifetime) species, respectively. The blue symbols in the panels for W4C29-TNB 

and W19C29-TNB correspond to the peak position of the observed unimodal fluorescence 

lifetime distributions. The solid lines are drawn to guide the eye. The error bars represent the 

standard deviation in the measurements of the same sample from three different acquisitions. 

The y-axis has been plotted on a log scale.



Figure S7. Quantification of the movement in the MEM peak position for all the unlabeled 

proteins. The blue circles represent the peak lifetimes of the observed unimodal or bimodal (in 

the case of W12C29) distributions. The solid lines are drawn to guide the eye. The error bars 

represent the standard deviations in the measurements of the same sample from three different 

acquisitions. The y-axis has been plotted on a log scale.



Figure S8. Non-linear, least-squares fits to a two-state N↔U model for FRET pairs spanning different 
regions of the β-sheet. The MEM-derived fluorescence lifetime distributions obtained at different 
GdnHCl concentrations (indicated at the top left of each panel) were fit to the linear sum of the native 
state N(τ) and unfolded state U(τ) fluorescence lifetime distributions (Eq. (6)). The black distributions 
correspond to the experimentally determined distributions, and the red distributions are fits to the two-
state model. The top-most and bottom-most panels in each column show the fluorescence lifetime 
distributions used as the native N(τ) and unfolded U(τ) protein basis spectra, respectively. The vertical 
green lines indicate the peak positions of the N-state and U-state lifetime distributions. The x-axis has 
been plotted on a log scale, and the y-axis units are arbitrary. Note that the figure shows data similar to 
that shown in Figure 8, but from an independent experiment on different samples. The MEM 
distributions in Figures 8 and S8 are seen to differ in their widths for the same denaturant 
concentration. This is because, in general, the width of a MEM distribution is not as 
reproducible and robust a parameter as the peak position (see Figures S6 and S7). Nevertheless, 
as stated on page 28, the general trend of change in the MEM distribution, from the N to the U 
state, is similar in Figures 8 and S8.



Figure S9. Non-linear, least-squares fits to a two-state N↔U model for FRET pairs spanning different 
regions of the α-helix. The MEM-derived fluorescence lifetime distributions obtained at different 
GdnHCl concentrations (indicated at the top left of each panel) were fit to the linear sum of the native 
state N(τ) and unfolded state U(τ) fluorescence lifetime distributions (Eq. (6)). The black distributions 
correspond to the experimentally determined distributions, and the red distributions are fits to the two-
state model. The top-most and bottom-most panels in each column show the fluorescence lifetime 
distributions used as the native N(τ) and unfolded U(τ) protein basis spectra, respectively. The vertical 
green lines indicate the peak positions of the N-state and U-state lifetime distributions. The x-axis has 
been plotted on a log scale, and the y-axis units are arbitrary. Note that the figure shows data similar to 
that shown in Figure 9, but from an independent experiment on different samples. The MEM 
distributions in Figures 9 and S9 are seen to differ in their widths for the same denaturant 
concentration. This is because, in general, the width of a MEM distribution is not as 
reproducible and robust a parameter as the peak position (see Figures S6 and S7). Nevertheless, 
as stated on page 28, the general trend of change in the MEM distribution, from the N to the U 
state, is similar in Figures 9 and S9.



Figure S10. Quality of the fits for MEM-derived fluorescence lifetime distributions to a two-

state N↔U model (Eq. (6), Figures 8 and 9). The residuals obtained for GdnHCl concentrations 

close to the mid-point of the unfolding transition are shown. Values in red correspond to the 

root mean square deviation (rmsd), which was obtained as the square root of the mean of the 

squares of residuals across all the lifetime values (x-axis).



Figure S11. Fits of experimental data to a two-state N↔U model for W4C29-TNB and 

W19C29-TNB. The experimental data were fit to the weighted sum of the N and U state 

lifetime distributions (Figure 9). Different colours in all the panels correspond to varying 

concentrations of GdnHCl; 0 M (towards shorter lifetime) to 4 M (towards longer lifetime). 



Table S1. Quantum Yields of fluorescence of the native and unfolded states.  

QN ans QU values were determined using the areas under the fluorescence emission spectra. 

NATA was used as the reference.



Table S2. Thermodynamic parameters obtained from fluorescence-monitored 

equilibrium unfolding measurements for different mutant variants of MNEI at pH 8 and 

25oC.



Table S3. Energy transfer parameters of the native and unfolded states.  



Table S4. Distances between the donor and acceptor residues for different FRET pairs in 

the native and unfolded states. 

Calculated distances correspond to the distances between the center of the donor ring and Cβ 

atoms of the cysteine (attached to acceptor) in the N state, obtained from the structure of MNEI 

using Pymol (PDB ID: 1IV7). It should be noted that the FRET-measured distance would be 

that separating the tryptophan from the TNB moiety attached to the cysteine. The differences 

in the values of the expected (from the crystal structure) and measured (from FRET) distances, 

for the different proteins, especially for W19C29, are likely because the TNB adduct is oriented 

differently (on the average) with respect to the tryptophan in the different labeled protein 

variants.
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