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Figure S1.Peptide chemical analysisHPLC-elution profiles Ieft, C18 column) of the oxidized

and purified Ser-mutant isomet§-18with the corresponding MALDI MS spectnaght).
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Figure S2. Block of Navl.4-mediated currents by disulfide isomers of p-PIA. (A)
Representative current traces of transiently egegtdNal.4 channels evoked at a test potential of
- 20 mV before lflack ctrl) and afterred) application of 10 uM of the indicated p-PlIIA isers.

(B) Histogram showing steady-state block ofyN&-mediated currents by 10 uM of the indicated
H-PIIIA isomers (bottom) and the associated sirgiponential time constarttyiock, describing the
kinetics of channel inhibition. Numbers of indiveluexperiments, n, are provided in parentheses.

2-Disulfide-bonded mutant isomers are marked witlasterisk.
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Figure S3. Solvation free energy (Gsow) plots of the 15 p-PlIIA disulfide isomers.Panelsl-15
feature the Gsov (Solvation free energy) plots of p-PIIIA isomersrh two independent 400-ns
MD simulations of their NMR structures or modelse(tiatter for isomers 7, 12 and 13). The black

and red curves in each panel represent simulati@msl 2.
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Figure S4. Comparison of solvation free energy Gson) plots of the 14 non-native p-PlIIA
disulfide isomers against the native isomer Panel 1 represents isomerThe following panels
3-15 represent isomef-15 In all panels, the blue curve represents theasiolv free energy
( Gson) plotted as a function of simulation time of thatige isomer2 as referenceyhile the red
and blue curves represenGsoy computed from runs 1 and 2 of two independent 400D

simulations.
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Figure S5. Backbone RMSD plots of the 15 p-PIIIA diulfide isomers.Panels 1-15 contain the
backbone RMSD (root mean squared deviation) pldtsudPlllA isomers 1-15 from two
independent 400-ns MD simulations of their NMR stomwes. The black and red curves in each

panel represent simulations 1 and 2.
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Figure S6. Comparison of backbone RMSD plots of thel4 non-native p-PlIIA disulfide
isomers against the native isomer Panel 1 represents data for isorhethe following panels 3-
15 represent data for isomedsl5. In all panels, the blue curve represents the i@k RMSD of
the native isomeR as referencewhile the red and black curves represent RMSD cdetpfrom

runs 1 and 2 of two independent 400-ns MD simutetifor the particular isomer.
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Figure S7. Per-residue RMSF plots of the 15 p-PllIAdisulfide isomers.Panels 1-15 contain the
per-residue RMSF (root mean squared fluctuatiomfsplof p-PlIA isomersl-15 from two
independent 400-ns MD simulations of their NMR stmwes. The black and red curves represent
simulations 1 and 2, respectively. The X-axis irpahels holds the residue number of the 22 amino

acid long peptide p-PlIIA. The sequence of u-PIBZRLCCGFOKSCRSRQCKOHRCC.
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Figure S8. Comparison of the per-residue RMSF plotsef the 14 non-native u-PlIIA disulfide
isomers against the native isomer ZPanel A represents isomgrand the following panels B-N
represent isomei&15. In all panels, the blue curve represents the @k the per residue RMSF
of the native isome2 as referencewhile the red and black curves represent RMSF cdoeapiiom
runs 1 and 2 of two independent 400-ns MD simutetifor the particular isomer. The X-axes in all

panels hold the residue numbers of the 22mer peptid p-PlIA:

ZRLCCGFOKSCRSRQCKOHRCC.
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Figure S9. Rg (radius of gyration) plots of the 1%-PIlIA disulfide isomers. Panels 1-15 contain
the Rg (radius of gyration) plots of u-PlIIA isorsdr15 respectively from two independent 400-ns
MD simulations of their NMR structures. The blackdared curves in each panel represent

simulations 1 and 2.
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Figure S10. Comparison of Rg (radius of gyration) |ots of the 14 non-native u-PlIIA disulfide

isomers against the native isomer Panel 1 represents data for isorh@nd the following panels
3-15 represent isomeBs15. In all panels, the blue curve represents theigee®g of the native
isomer2 as referenceyhile the red and black curves represent the pefRiglcomputed from runs

1 and 2 of two independent 400-ns MD simulatiomgte particular isomer.
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Figure S11. SASA (solvent accessible surface argadts of the 15 p-PlIIA disulfide isomers.
Panels 1-15 contain the SASA (solvent accessibfaseiarea) plots of p-PlIIA isomeis15 from
two independent 400-ns MD simulations of their NMtiRuctures. The black and red curves in each

panel arose from simulations 1 and 2.
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Figure S12. Comparison of SASA (solvent accessildarface area) plots of the 14 non-native

u-PlIIA disulfide isomers against the native isomer2. Panel 1 represents data from isorheFhe

following panels 3-15 represent data from isong4sb. In all panels, the blue curve represents the

peptide SASA of the native isom@ras referencewhile the red and black curves represent the

peptide SASA computed from runs 1 and 2 of two peawlent 400-ns MD simulations for the

particular isomer.
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Figure S13. Per residue contribution to the solvenaccessible surface area SASA plots of the

15 p-PlIA disulfide isomers. Panels 1-15 contain the SASA(per residue contribution to the
solvent accessible surface area) plots of p-Pléidmersl-15 from two independent 400-ns MD
simulations of their NMR structures. The black aed curves in each panel represent simulations 1
and 2. The X-axes in all panels hold the residuenber of the 22mer peptide p-PlIIA:

ZRLCCGFOKSCRSRQCKOHRCC.
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Figure S14. Comparison of SASAs (per residue contribution to the solvent accessiblsurface
area) plots of the 14 non-native p-PlIIA disulfideisomers against the native isomer Panel 1
represents data from isomkrThe following panels 3-15 represent isom@$s. In all panels, the
blue curve represents the peptide SASAf the native isomeR as referencewhile the red and
black curves represent the peptide SASéomputed from runs 1 and 2 of two independent #90-
MD simulations for the particular isomer. The X-axa all panels hold the residue number of the

22mer peptide p-PllIIA: ZRLCCGFOKSCRSRQCKOHRCC.
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side-chain atoms present (coloring scheme: carboyar, nitrogen — blue, oxygen — red, sulfur —

green, backbone — isomer 11: pink, 14: green,sE)ro
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side-chain atoms present (coloring scheme: carboyar, nitrogen — blue, oxygen — red, sulfur —

green, backbone — isomer 12: orange, 13: lightgea#: yellow).
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Table S1. Protecting group strategy used for the @paration of u-PIIIA mutants.

Ser
Isomer | mutation Connectivity Trt Acm @
1
16 | c11, C22S | -C4-Cs5---S4-—-Cyg-—-C24-Spo- | C5-C21 | C4-C16
|
I |
17 | cas, c16s | S+ ¢ C1S16G21-Car| c5.c21 | c11-C22
—
18 | c5s, €218 | -C4-S5--C11--C16--S21-C22- | C4-C16 | C11-C22

llProtecting group used for the given cysteine pair.

Table S2. Analytical characterization of p-PIlIIA mutants produced in this study.

Isomer tr (C18) tr (C8) MW (calc.) MW (found)
[min] [min] [mono] [M+H]*
16 26.71 26.31 2573.2 2574.2
17 25.30 24 .41 2573.2 2574.2
18 24.81 24.01 2573.2 2574.2

tr

8l HPLC elution was carried out using a gradient of 0-40% acetonitrile containing 0.1% TFA (eluent B) in 40
min and 0.1% TFA in water (eluent A).

20



Table S3. Mean backbone RMSD values from the 400-M8D simulation of p-PlIIA disulfide

isomers.
Isomer Connectivity Run1( A) | Run2(A) Mean (A)
[ 1 |
PIIIA 1 'C4'CI;5'"C11"'C16'"CZ1'?22' 490+0.7 4104 4.5+ 0.69
PIIIA 2 -C4-(I:5---(':11---6:16---(1321-(':22- 24+04 | 27+05 | 255+047
PIA3 | £,-CeCy b ygCpilp- | 74207 | 66+06 7+0.76
PIIIA 4 Cr_é C C Co4-C 6.7+ 0.6 6.5+0.9 6.6 +0.77
-C4-C5--C14--C15---C21-Coo- 70, 5+0. 6+0.
PIAS | -C4-Cs-C1iCro—Cor-Cop | 7.8+09 | 7.4+12 7.6+1.07
e | | e |
PINA 6 | -C4-C5--Cq4--C4--C21-Coo- 6.6 £ 0.8 57%+1.0 6.15+1.01
L — |
PIHIA 7 'C4-Cl:5-“C11---C16-“?21'C22' 4.2+0.6 3.6+04 3.9+0.59
[ 1 [ 1
PIIIA 8 | | 2.3+0.1 50+04 3.65+1.38
[ 1 [ 1
PIIIA 9 -C4-C5---C11---016---C21-C22- 4.7+0.9 6.1+0.6 5.4+1.03
 Y—
PIIIA 10 -C4-CI:5---C11---C16---C21-(I;22- 3.3+0.6 23+04 28x0.71
[ —t
PIIIA 11 -C4-C5---C11---C16-“C21-C22— 49 +0.6 51+0.2 5+0.45
— ]
PIIA12 | -C4-C5—Cy4-—Cyg—Co1-Cop- | 24203 | 2.6+0.6 2.5+0.48
L J
[ |
PIIA 13 | -C4-Cg-—-C14—-C1g—-Cp1-Cop- | 4708 | 4605 4.65 + 0.66
L | L |
| —— 1
PIIA 14 | -C,-Co-C11-—C1g—-Cp1-Cop- | 30£03 | 2.6+0.1 2.8+0.30
[ —_— |
PIIA 15 | -C,-Cy--C1{-—C1g—~Cp(-Cop- | 5.6£0.6 | 53+0.9 5.45 + 0.77
| J

21



Table S4. Backbone RMSD based single-linkage clusiey analysis of the p-PlIIA disulfide

isomers.
No. of No. of 0 ,
Isomer Connectivity clusters clusters A)J r?#]eecfg:yégf (r:leus;gtred
Run 1 Run 2 y 9
'(J34'(I35'"61 1'“2316"'(]321'(1322'
PIIIA 1 23 134 99.28
[ | 1
'C4'(I35'"C11'"C16'"CI321'C22'
PIIIA 2 6 9 99.94
1 [ 1 [ 1
-C4-C5---C14——-C16-C21-Co2-
PIIIA 3 447 1171 22.61
Cals-C1Cra—Crr-C
-C4-C5---C14---C16---C21-C20-
PIIIA 4 1975 2131 43.38
£ 4Co-Ci1-CigCo1-Cop
PIIIA 5 1039 709 77.50
-C4-Cs-C11—-C1g—Co1-Cor
L — |
PIIIA 6 78 870 98.97
~C4-C5--C11-—-C16--C21-Cap-
PIIA 7 54 16 91.85
[ 1 [ 1
| |
PIIIA 8 4 36 96.74
[ 1 [ 1
-C4-C5--C14-—-C16--C21-Cop-
PIIIA 9 2357 1131 42.10
 Y—
"C4-C5--C11--C16-Co1-Cap-
PIIIA 10 4 2 99.99
(I3 Cs—-C C C,-C
-C4-Cs5--C14---C16--C21-Coo-
PIIIA 11 109 45 98.20
e ]
~C4-C5--C11—-C16-C21-Cop-
PIIIA 12 2 1 100.00
[ |
-C4-C5—-C11--C16-—-C21-Cop-
PIIIA 13 60 44 84.10
[ — |
-C4-C5--C4---C16--C21-Coo-
PIIIA 14 2 1 100.00
[ — |
~C4-C5—-C11—-C16-Cp1-Coo-
PIIIA 15 641 801 86.42

22




Table S5. Mean molecular electrostatic potential (MP) calculated for the u-PlIIA disulfide

isomers from their MD trajectories.

Isomer Connectivity Mean MEP (kJ/mol)

[ 1 I

PIIIA 1 Ca-Cs—-Crr—CieCarCar 8.54

PIIIA 2 -C4-(I:5---c':11---(':16---CI:21-(':22- 7.35
—

PIIIA 3 -C4-CrC11-C1gm-Cot-C o 10.18

PIllA 4 CoCsC1—CroCoy-C 9.32
“C4-C5—-C11-—-C16--C21-Cop- :
Cls-CiiCrg—Cor-l 9.23

PINA S -C4-C5—-C14-—C16-C21-Coo- :

PIIA 6 -C4-CosC1—-Crgm-Cot-Cop- 7.01
| S | | —— |

PIlIA 7 -C4-C—-C11—~C16—-Co1-Car- 11.49
1 1

PIIIA 8 | | 7.29

PIIIA 9 C4-Cs—--C C Cyq-C 11.39
-C4-C5—-C14--C16--C21-Coz- :
[ﬁﬁ

PI”A 10 'C4'?5"'C1 1"'C16"'C21'?22_ 6.76
[ —

PINIA 11 -C4-Cs5-—-C14--C1g—-C21-Coo- 11.33
— ]

PIIIA 12 -C4-Co-C11--C1e-Cor-Cor 7.83
[ |

PIIIA 13 -C,-Ce---C14---C1a---Co1-Coo- 7.42
C4-C5--C11——-C16---C21-Cp2
I ——

PIIIA 14 -C4-C5—C11-—C11g—-C01-Cor 9.45
I — I

PIIIA 15 -C4-Cg—-C11-—C1—-C21-Cap- 10.11

L J

23



Table S6.

Mean Gsolv Values from the 400-ns MD simulation of p-PIIIA dsulfide isomers.

. Run 1 Run 2 Mean
Isomer Connectivity (kd/mol) (kd/mol) (kd/mol)
PIIIA 1 -3;4-cl;5---c511---?316---621-?22- 250+256 | 2.38+2.69 | 2.44+2.62
PIIIA 2 -C4-(I:5---c':11---(':16---CI:21-C':22- 1.73+2.04 | -0.64+237 | -1.18+2.27
1 [ 1 [ 1
PIAS | E, o ligCor sy | 5314275 | 6.89+365 | 6104332
1 - 1
PIIIA 4 -C4-C5--C14—-C46--C21-Coo- | 4.49 + 3.37 3.22+2.65 3.85+3.09
L — 1
1 [ ]
PHIAS | -Ca-Cs-Cq1—C15—Co1-Cop- | 2.60+3.19 | 473+2.71 | 3.66+3.14
e | | |
PIIA6 | -C4-Cs—Cq1—-Cig—Co1-Cor- | 824+2.19 | 6.13+354 | 7.18+3.12
| N
PIIA7 | -Cq-CoCi—Cre—Cpr-Cor | 408233 | 5304210 | 4.69+230
[ 1 [ 1
PIIIA 8 | . |-254+178| 1822235 | -036+301
[ 1 [ 1
PIIIA 9 -C4-C5---C44-—-C15--C24-Cop- | 4.51+2.95 5.88 £ 3.57 519+ 334
Y
PUIALO | -Cy-Cs-Cri—Cra—Cor-Copr | 2334217 | 271235 | 2800.71
[ —
PIIA 1L | -C4-Co—-Cr—Crg—Cp1-Cop- | 1.64£2.30 | 3.74+2.06 | 2.69+2.42
[ [ — 1
PIIA12 | -C4-Cs—-Co—-C1g-Cp1-Cop- | 2.33+2.17 | 0.98+2.10 | 1.65%2.23
| J
[ |
PUIA13 | -Cy-ComCyy—Cig—Cor-Cop | 030£248 | 2174283 | 0.93+2.93
[ — |
PIIA14 | -C4-Cs-CyrCrgCpr-Cop | 2884249 | 471%186 | 3.79+2.38
| S
[ —_— |
PIIIA 15 593+238 | 4.09+314 | 501+3.76

"C4-C5-C11—-C1g-Cpy-Cp-
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Table S7.Summary of the HADDOCK docking runs. For each isomedocking, the three best-

scoring clusters are shown, ranked according to thieZ-scores.

Isomer | Z-score HADDOCK Cluster RMSD from the
score size overall lowest-
energy structure [A]
1 -1.4 235+ 13 35 1.4+01
-1.3 2397 37 2.2+0.0
-0.7 253 + 27 19 0.5+0.3
2 -1.4 399+11 15 0.7+0.0
-0.8 427 + 11 50 2.7+0.0
-0.4 447 £+ 5 12 1.9+0.2
4 -1.7 178 + 14 41 1.5+0.1
-1.4 189 +21 4 1.2+0.1
-0.5 221 +17 7 1.9+0.0
7 -1.6 226 + 16 37 0.6+0.4
-0.9 249 + 25 7 2.0+0.0
-0.6 255 + 32 7 1.5+0.2
11 -1.8 249 + 23 23 0.5+0.3
-1.2 263 +5 56 1.1+0.2
-1.1 265+ 14 26 23+0.1
12 -1.7 213 + 23 20 0.5+0.3
-0.7 249 + 13 8 1.3+0.0
-0.7 250 + 12 8 2.0+0.1
13 -1.7 223 +40 7 2.1+0.0
-1.1 241 +10 18 1.5+0.0
-0.2 263 + 10 29 2.7+0.1
14 -2.2 287 +3 17 24+0.1
-0.6 315+11 7 2.6+0.0
-0.5 316 + 18 7 2.6+0.2
15 -1.3 213 +14 13 2.0+0.1
-1.2 215+ 22 40 0.5+0.3
-0.5 250 + 13 48 1.5+0.1
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Table S8.Comparison of mean backbone RMSD, Rg and SASA betwe the unbound and
Navl.4-bound forms of the p-PlIIA disulfide isomers2, 7 and 15 from their respective 400-ns

MD simulations

Isomer Connectivity RMSD (&) Rg (A) SASA (A ?)
Unbound: Unbound: Unbound:
2 I ] 1 2.55+0.47 6.99 + 1.07 2479.51 + 90.61
-C4-CIJ5---C1 1_"C1‘5"_(|321_022' Bound: Bound: Bound:
4.01 +0.36 8.24 +£0.27 2307.65 + 89.42
Unbound: Unbound: Unbound:
7 3.90 £ 0.59 7.93+1.42 2494.15 + 62.60
C4-Cs—C11C1e—C21-Caz Bound: Bound: Bound:
1.69 £ 0.81 8.55+0.81 2387.73 + 92.67
I I Unbound: Unbound: Unbound:
15 — 5.45 +0.77 10.02 + 0.37 3166.80 + 40.56
'C4'(,:5"'C1 1"'016"'(,:21'022' Bound: Bound: Bound:
4.36 +0.29 10.01 + 0.65 2519.97 + 209.36

Table S9.Mean values of the Poisson-Boltzmann binding energ (&ind) between the Navl.4-
bound forms of the p-PlIIA disulfide isomers 2, 7 ad 15 from their respective 400-ns MD

simulations
Isomer Connectivity (k(‘IJE/:iT:‘:))I)
2 -C4'(I35"'é1 1"'é16-"cl321-é22' -99.56
7 -C4Co-Cr1—Cie—Car-Cor- |  -322.83
15 -<I34-95---Cm31e---921-cl322— -144.71
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Table S10.Mean values of the per residue SASA compared between the unbound and

Navl.4-bound p-PIIIA disulfide isomers 2, 7 and 15from their respective 400-ns MD

simulations
recidue | PIIA2 (A2 | PIIA2 (A7) | PIIAT (A?) | PIIAT (A2) P”('AA2)15 P”('AA2)15
(Unbound) (Bound) (Unbound) (Bound) (Unbound) (Bound)
71 260.20 243.40 264.15 247.08 266.60 247.00
R2 318.66 316.64 325.73 323.45 320.60 317.07
L3 280.91 274,57 277.72 280.49 274.03 283.27
c4 242.89 239.76 240.79 241.46 237.92 236.91
C5 240.60 239.47 241.72 234.96 242.70 242 12
G6 177.42 175.86 174.70 174.11 176.01 174.34
F7 315.56 315.25 315.70 317.76 306.89 313.87
08 246.26 245.34 244.08 248.61 245.19 245.40
K9 295.61 299.17 299.56 301.17 287.59 296.52
S10 212.07 211.14 207.37 213.82 209.50 211.41
c11 24155 239.86 239.75 243.75 239.07 240.48
R12 321.72 32152 322.82 323.47 324.02 326.79
S13 209.69 231.56 208.15 210.21 207.56 210.69
R14 318.98 312.15 322.97 318.67 318.58 318.00
Q15 260.22 273.49 270.68 273.73 258.91 268.32
C16 24155 240.88 241.06 240.12 238.77 238.06
K17 278.61 290.17 301.23 303.12 206.11 295.56
018 24781 245.67 245.62 247.33 247.93 243.14
H10 283.93 283.68 288.63 283.64 285.58 284.68
R20 324.54 315.74 325.48 324.41 314.86 311.76
c21 241.06 240.54 240.92 239.22 241.34 24151
C22 240.28 242.06 239.29 24215 243.38 242 51
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