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SUPPLEMENTARY INFORMATION
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Supplementary Fig. 1. Planar bilayer measurements of hWVDAC-2 WT and its single tryptophan
mutants showing (A) G/Gmax and (B) open probability (Popen) measurements derived from multi-
channel membranes. The subconductance state of W75,86,221F (having Trp-160) is different
from the other Trp mutants, as the barrel exhibits the poorest response to higher voltages (left
panels). The open probability remains comparable for all mutants. Numbers in brackets indicate
the total number of independent experiments considered and error bars indicate standard
deviations from those experiments. Data for hVDAC-2 WT protein has been reproduced from
reference [1] with permission.
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Supplementary Fig. 2. Folding kinetics of hVDAC-2 WT and tryptophan mutants in 19.5 mM
DDM at 4 °C, monitored using Trp fluorescence anisotropy. Anisotropy measurements were
converted to folded fraction as described in the Materials and Methods section. Data for the
single tryptophan mutants could also be fitted to a double exponential function. However,
consistency among independent datasets was not observed. Hence, only single exponential
function was used for fitting (represented as solid lines) for purposes of comparison across all
mutants. Error bars denote standard deviation from three independent data sets.
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Supplementary Fig. 3. Acrylamide quenching coupled with tryptophan fluorescence and
lifetime of folded hVDAC-2 WT and mutant barrels in DDM micelles. (A) Stern-Volmer
constants (Ksy) obtained from steady-state fluorescence data shows that all single tryptophan
mutants, especially W86,160,221F and W75,160,221F, have very low Ksy values. Lowered Ksy
indicates a buried nature of the tryptophan. (B) Tryptophan lifetime coupled with acrylamide
quenching for all the single tryptophan (left panel) and multi-tryptophan (right panel) proteins.
hVDAC-2 WT values are shown in both the panels for purpose of comparison. The lifetime of
W86,160,221F shows a rapid decrease and reaches saturation at acrylamide concentrations of
~0.3 M, indicating the likely presence of a local hydrophilic residue in its vicinity, which may
act as an additional quencher for Trp fluorescence.
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Supplementary Fig. 4. Equilibrium (un)folding experiments of hVDAC-2 WT and its
tryptophan mutants using GdnHCI, at 24 h (A) and 72 h (B) in 3.9 mM DDM at 25 °C. (A)
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While WT barrel does not show prominent hysteresis at 24 h, some of the mutants, especially
W160F, shows considerable hysteresis. The absence of selected tryptophan residues, such as
Trp-160, can offset the thermodynamic equilibrium of the barrel by either affecting the unfolding
or folding pathways. (B) When we increase the incubation time, we see considerable protein
aggregation at intermediate GdnHCI concentrations (1-2 M) that mainly affects the folding
reaction. The fluorescence intensity profiles at 72 h are shown here for purpose of representation.
The folding profiles of the mutants W75,86F, W86F, W160F and W221F do not get affected,
although we can visualize the aggregation at similar GdnHCI concentrations. Filled and empty
circles represent unfolding and folding reactions, respectively. Solid and dashed lines indicate
fits to the two-state equation for the unfolding and folding reactions, respectively. Error bars
denote standard deviation from at least two independent experiments.
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Supplementary Fig. 5. Chevron plots for hVDAC-2 WT and tryptophan mutants in 3.9 mM
DDM at 25 °C. The folding arm was generated by fitting the folding kinetics to a double
exponential function. Unfolding kinetics from 1.68 M to ~2.3 M fit well to a single exponential
function and at higher GdnHCI concentrations, double exponential function was used for fitting.
Both the arms showed rollovers, with the unfolding arm rollover being more prominent. Only the
linear zone was fit to a two state Chevron function (solid lines) to derive the thermodynamic
parameters summarized in Supplementary Table 1. The fits for the hVDAC-2 WT protein are
shown as dotted lines in all the mutant datasets, for comparison.



g =

W86,160, W75,160,
i 221F | 221F

In (k) [s™]

7
7

1 W75,86F| W75F
05 10 15 20 25 3005 1.0 15 20 25 30
T Prmm GdnHCI [M]
4 | o K
6 - 1 x K,
-8 - 4

W160F W221F

T

T
05 10 15 20 25 3.005 1.0 15 2.0 25 3.0

GdnHCI [M]

Supplementary Fig. 6. Chevron plots for hVDAC-2 WT and tryptophan mutants in 3.9 mM
DDM at 25 °C. The unfolding arm in this case has been fit to a rollover function (solid lines) to
account for the kink in the unfolding arm. The marginal rollover in the folding arm is not
considered here, as it is likely to arise due to protein aggregation at lower GdnHCI
concentrations [1]. The values for thermodynamic parameters are summarized in Supplementary
Table 1. The fits for the hVDAC-2 WT protein are shown as dotted lines in all the mutant

datasets, for comparison.
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Supplementary Fig. 7. Representative far-UV CD wavelength scans (A) and thermal
denaturation profiles (B) of folded hVDAC-2 WT and its tryptophan mutants in 3.9 mM DDM.



(A) Considerable loss in secondary structure content is observed when folded hVDAC-2 is
heated till 95 °C, as seen from the before (solid line) and after melting (dashed line) wavelength
scans. (B) Data were acquired from 4-95 °C, monitored at 215 nm. Unfolded fractions at each
temperature were calculated using reported methods [1]. Solid lines represent fits of the unfolded
fractions to a two-state function. Error bars in (B) indicate standard deviation obtained from at

least two independent experiments.
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Supplementary Fig. 8. In silico analysis of root mean square deviation (RMSD) of hVDAC-2
WT barrel. Whole protein RMSD of hVDAC-2 WT shows more fluctuations as compared to the
Trp-less protein (lower left panel, part of Fig. 7A) due to dynamic nature of the N-terminal 11
residues. The RMSD plot of WT shows three stable zones that are highlighted in red dotted
boxes. The corresponding sausage models derived from each of these zones highlight the
differences in the orientation of the N-terminal portion of the WT protein, while the topology of
rest of the barrel remains largely unchanged.

11



0 30 60 90 120 150 180 210 240 270
Residue

0 30 60 90 120 150 180 210 240 270
Residue

Supplementary Fig. 9. Root mean square fluctuation (RMSF) and solvent accessible surface
(SAS) area calculated from MD simulations of 100 ns (A) and 10 ns (B) for hVDAC-2 WT
(brown circles) and W75,86,160,221F (Trp-less mutant, olive triangles). Higher values of RMSF
and SAS are localized to residues present in loop regions in both the 10 ns and 100 ns
simulations. The grey bars indicate the B-strands, white spaces correspond to the loop regions,
and red lines indicate the positions 75, 86, 160 and 221. The N-terminal helix is found between
residues ~17-29, and is indicated in cyan. Error bars in (B) indicate standard deviation and are
derived from three independent 10 ns simulations.
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Supplementary Fig. 10. Vicinity analysis of Trp/Phe at positions 75, 86, 160 and 221 in
hVDAC-2 WT (brown circles) and W75,86,160,221F (Trp-less mutant, olive triangles) obtained
from a 100 ns simulation in DDM micelle. Lys-120 and Leu-270 serve as controls for water-
solvated and DDM-bound residues, respectively. The 86™ and 160" positions attract a high
number of DDM molecules (left panel), which is comparable to the buried Leu-270 residue in
both WT and W75,86,160,221F barrels. The 75" position shows marginally increased water
content (right panel) in its vicinity when compared to other Trp/Phe positions. Error bars denote
standard deviation obtained from averaging the values of 1000 frames throughout the 100 ns

trajectory.
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Supplementary Table 1: Thermodynamic parameters obtained from chevron plots.

Parameters obtained from linear fits of both arms®

hr\n’t'?t';*ri'sz k) | me | In(ke) | mo | mu [A6%. | m | Cu | B
WT 094 | 218 | 751 | 074 | - | 500 293 | 1.71 | 0.75
W86,160,221F | 127 | -157 | 715 | 0.64 | - | -348 | 222 | 157 | 0.71
W75,160221F | 055 | -1.62 | -6.33 | 041 | - | -342 | 2.03 | 169 | 0.80
W75.86221F | 167 | -264 | 729 | 065 | - | -531| 329 | 161 | 0.80
W75:86,160F | 119 | -244 | -6.14 | 035 | - | -434 | 2.79 | 156 | 087
W7586F | 157 | -250 | 770 | 079 | - | -5.49 | 330 | 1.66 | 0.76
WT75F 203 | 262 | 738 | 070 | - | 557 | 332 | 1.68 | 0.79
W86F 208 | -259 | 769 | 076 | - | 578 | 335 | 1.73 | 0.77
W160F 222 | 296 | 740 | 067 | - | 570 362 | 1.57 | 0.82
W221F 214 | 280 | 774 | 082 | - | 585 362 | 162 | 0.77

Parameters obtained from rollover equation in unfolding arm®”

hVDAC-2
mutants In(ke) Mg In(ky) my My |AGY, | m Cm pr
WT 0.94 -2.18 -10.16 2.33 -0.40 | -6.57 | 451 1.46 | 0.48

W86,160,221F | -1.27 -1.57 -8.82 174 | 030 | 447 | 331 | 1.35 | 048

W75,160,221F | -0.55 -1.62 -7.87 132 | -023 | 433 | 294 | 147 | 0.55

W75,86,221F 1.67 -2.64 | -10.22 | 233 | -040 | -7.04 | 497 | 142 | 0.53

W75,86,160F 1.19 -244 | -8.52 166 | -0.30 | -5.75 | 410 | 1.40 | 0.59

W75,86F 1.57 -250 | -1098 | 280 | -051 | -743 | 530 | 1.40 | 0.47
W/75F 2.03 -2.62 -9.03 1.79 | -0.30 | -6.54 | 441 | 148 | 0.59
W86F 2.08 -2.59 -9.44 193 | 033 | 682 | 452 | 1.51 | 0.57
W160F 2.22 -296 | -1090 | 2.65 | -047 | -7.77 | 561 | 1.39 | 0.53
W221F 214 -2.80 -9.54 202 | -034 | -692 | 482 | 144 | 058

Units: ke, ky: min; me, my, myy, m: kcal/mol/M:; AGfgin: kcal/mol; C,;: M.
®m values presented here are from the kinetic experiments.
['The trend obtained for AGy;, using the rollover equation is similar to the equilibrium data.
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