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Table S1: Estimated binding energies (EBEs) of the ranked structures of M2, E, 6K, SH,
and Vpu. The energies are sorted according to the structural models being used, all
atom (AA), coarse grained (CG) or all atom model after 200 ns of MD simulation (AA-
MD). S1 and S2 define the rough and the fine screening, respectively. The bundles are
discriminated according to their handedness, right (R), left (L) or straight (0), and
whether the respective marker-amino acids are facing into the pore (rank in parenthesis).
Bundles for which both, handedness and orientation of the marker-residues, are according
to the definition are marked in italics. The number sign ‘#’ marks the first rank structure,
but with none of the marker-residues (mr’s) facing the pore. The subscripts indicate the
use of: e = structures or sequence used from experimental sources; p = ideal structures
from sequences of amino acids predicted to form a helical TMD; 1 = ideal helices; 32 and
28 = numbers of amino acids used for modeling ideal TMDs. The ‘oligomers’ are sorted
according to the number of TMDs forming the bundle.



S1 S2
AA; —-2896 -3201
CG; —-3709 (19) —-3992# —4118* —4051*
AA-MD; —4028" 3891 (4) —4251* —4098
AA. —7471 —-7912
CGe —6327" —5662 (43) —6435" ()
AA- 4 4
MD. —-8677 -8284 (20) -8919 —8581
S1 S2
R 0 L R L
-8277*
AA _ #o _ #
» 3083 (53) 8428" () 8333
CGy 4183 (9) -4275% —4507% (-)
AA- 4
MD, ~7913 (51) -8201 —8294 8381
AA. | -25,339(12) -26,338 —25828 -26,755
-13562*
CGe _ # _
12,293 (45) 14081 13841
AA' # # #
MD. —27,226 -27108 27,732
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R 0 L
AA, ~7137 (1)
CG, ~6145 (21) —6414*
AA-
MD, ~8575 (1)
S1
AA, ~2574 (1)
CG, —4226 (1)
AA' #
MD, —4421 ~4070 (15)
AA. ~6291 (1)
CGe ~5225 (1)
AA-
MD. | 6390 ()

Supplementary Table S1 (cont.)




v S1 S1
pu R 0 L R 0 L
Vpuzs AA Vpusz AA
-7579"
_ # _
4 2877 273214 | 510 ®)
—-9415*
— _ #
5 3411 (14) 3642 9599(3)
6 | 2205 | 5920t 11,049 (3) 11230414
Vpuzs CG Vpus: CG
-6324"
4 -3100 (1) 6286 (2)
5 —4152(D) 8437 (1)
6 —4859.(2) —4863" ~10178 (1)
Vpuzs Vpus2
AA-MD AA-MD
4 -3371* -7915*
—3187 (67) —6950 (244)
5 —4348" —4165 (4) -10,216" —9161 (145)
—11,483
_ # _ _ # ,
6 5190 4930 (15) 12,381 04)

Supplementary Table S1 (cont.)




S1 S1
Vpup AA Vpue AA
-1109*
4 “1323() | 003 ©)
5 —1843* -1832(2) | -1294 (19) -1575*
6 —2041% -2039(2) | -1564(8) —1772.41%
Vpup AA Vpue CG
4 -2626" -2593 (2) -2377 (1)
5 | 3249 (16) -3383% -3122 (1)
6 —4022 (1) -3633" -3585(3)
Vpup Vpue
AA-MD AA-MD
—2132*
_ # _
4 2555.72 24795) | 5000 7
~3440* 4
5 3178 (5) -2839 —2704 (2)
6 | -3831(2) -3,841% -3235 (1)

Supplementary Table S1 (cont.)




Table S2: Estimated binding energies (EBEs) of assembled bundles of TMDs of
tetrameric M2 and pentameric E together with each of the poly-peptides (pp’s) of all 20
amino acids. The values are calculated for CG-models of pp’s as either ideal helices (i,
see also in Figure 3) or as helices for which the Ca atoms adopt the same coordinates as
the experimental structures (Ca, see also in Figure 3) being assembled with oligomeric
M2 or E bundles. The values are calculated in reference to bundles of M2 and E and listed
as difference values (AEBE) between the docked value and one of the reference values.
EBE are calculate for the first ranked bundles (1r) as well for those for which the marker-
residues (mr’s) are pointing into the putative pore. The AEBE are calculates for M2 and
E by (Xe/t - Xlr), (Xe/t - er), (SXe/lr - Xlr), (SXe/lr - er), (SXe/mr - Xlr), (SXe/mr - er),
(“Xe = Xir), and (“Xe — Xumr) where X refers to the TMD of the protein, here M2 or E. The
letters mark the subscripts used for either M2 and E. The superscripts denote: s and d, for
applying synchronous docking (s, s-screening) or dimeric docking (d, d-screening),
respectively; the amino acids in single letter code which are used to generate the poly-
peptides; /1+3 and /1+4 indicate that synchronous protocol is used to dock a single TMD
and a trimeric and tetrameric assembly from the experimental structures of M2 and E,
respectively. Subscript ‘/1r’ indicates that the first ranked structure is used and subscript
‘/mr’, that the structure for which the mr’s are pointing into the putative pore; t = a
truncated version of the protein is used. Colored tiles indicate that the EBE is improved
(e.g. AEc.ir > 0) compared to the refence structure (e.g. AE:). The colors coding is as
follows: orange = reference to M2. / E; blue = reference to "M2¢/1: / *Eyir; yellow =
reference to M2e/mr / *Eymr; green = reference to ‘M2 / 9E.



AEBE

Model Ir mr Xet = | Xen— | Keir Kenr | Kemr | Kemr | Xe— | Xe -

Xir X | =Xir | = Xer | = Xir | = X | Xur Xnr

M2, —4.48 - - - - - - - - -

SM2.¢/1r —6.33 1.85 - - - - - - -

M2 2o -5.66 - 1.18 - - - - - - -
IM2. -5.69 - 1.21 - 0.02 - 0.02 - - -
H37A. —4.68 | 420 1020 |-028 |-1.65 | -2.13 | —0.99 | -1.47 | -1.01 | -1.49
YIPH3TA. | =5.79 | =5.79 | 1.31 131 053 |-053 [0.13 [0.13 |0.10 |0.10

M2 | “H37A. -5.70 - 1.22 - -0.63 - 0.04 - 0.01 -
mutant | SA30H. 546 | -490 | 098 |042 |-0.87 |-1.43 |-020|-0.77 | -0.23 | -0.79
IBA30H, | —6.72 | -6.34 |224 | 187 [039 002 |1.06 |[068 |1.03 |0.66
IA30H, -4.61 - 0.13 - -1.72 - -1.06 - ]-1.08 -

E, -3.72 - - - - - - - B _

. Byir -5.75 - 2.02 - - - - - - -
Bymr -5.60 - 1.88 - - - - - - -

IE, —4.95 - 1.23 - —0.65 - —-0.65| - - -

. SF26A 549 | =522 | 176 | 149 | -026 | -0.53 | -0.12|-0.38|0.53 |0.27
mutant SIME26A, | =577 | -5.58 | 2.04 | 186 [0.02 |-017 [0.16 |-0.02]0.81 |0.63
IF26A, —4.78 - 1.06 - —0.96 - -0.82] - |-017 -

GsM2; 501 |-493 | 054 045 |-131 |-1.40 | —-0.65|-0.74 | -0.67 | -0.76
GM2cq 526 | -4.90 | 0.78 042 | -1.07 | -1.43 | -041|-0.76 | -0.43 | —0.79

GaM2; ~3.59 - —0.89 - -2.73 - 207 | - |-2.09 -
Poly-G GAM2cq -3.56 - -0.92 - -2.77 - —210| - |-2.13 -
GSE; 484 | -484 | 112 112 |-090 | -0.90 |-0.76 | —-0.76 | =0.11 | —0.11

OBy -5.09 | 493 | 137 121 |-0.66 |-0.82 | -0.51|-0.67 | 0.14 | —0.02

GdE; —4.05 - 0.33 - ~1.70 - -155| - | -0.90 -

GdE ¢y -4.19 - 0.47 - -1.56 - 141 - |-076 -

ASM2; —491 | -479 | 044 |031 |-141 |-1.54 | -0.75|-0.88 | -0.77 | —0.90
AM2¢q 515 | -493 | 067 |045 |-1.18 | -1.40 | -052|-0.74 | -0.54 | -0.76

AdMD2; -3.51 - —0.97 - -2.81 - —215| - | =217 -
Poly-A AMD —3.54 - —0.94 - -2.79 - 213 | - | =215 -
ASE; 485 | -468 | 113 1096 |-0.89 |-1.06 |-0.75]|-0.92|-0.10 | —0.27

ASE 484 | -459 | 112 086 |-090 |-1.16 | —-0.76 | -1.01 | -0.11 | —0.36

AdE; —4.04 - 0.32 - -1.71 - -156 | - | -091 -

AdE, —4.13 - 0.40 - -1.62 - -148 | - | -083 -

VSM2; -559 | -526 | 111 078 | -0.74 | -1.07 | -0.07 | =0.40 | —0.10 | —0.43
VSM2¢q 562 | -540 | 1.14 1092 | -0.71 | -0.93 | —-0.04 | -0.27 | -0.07 | -0.29

VaMD; —4.13 - -0.35 - -2.20 - -153] - |-1.56 -
Poly-V VdM2 ¢ —4.20 - -0.27 - -2.12 - 146 | - | -1.48 -
VSE; 557 | -534 | 185 [1.61 |-0.18 | —0.41 |-0.03|-0.26 | 0.62 | 0.39

VSEcq 553 | -547 | 1.80 |1.74 | -022 | -028 | -0.07|-0.13 | 0.58 |0.52

VAE; —4.72 - 0.99 - -1.03 - -0.89| - |-023 -

VdE(, —4.86 - 1.13 - —0.89 - -0.75| - |-0.10 -
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AEBE

Model Ir mr Xet— | Xen— | Ker | Xenr | Kemr | Xemr | Ke— | Xe—

Xy Xinr X | =X | =Xir | = X | Xir Xnr

LsM2; -5.26 | -5.17 [0.79 1070 | -1.06 | -1.15 | —0.40 | —-0.49 | —0.42 | —0.51

LsM2c,q -5.61 | -545 [113 098 |-0.72 | -0.87 | —-0.05|-0.21 | —0.08 | —0.23

Lapv2; —4.11 - -0.37 - -2.21 - 155 - | -158 -

Poly-L LIM2, —4.08 - -0.40 - -2.25 - —1.58 - -1.61 -
LSE; -5.34 | -5.22 | 1.6l 149 | -041 | -053 | -0.26|-0.39 [ 039 | 0.27

BSEcq -5.51 | =532 [1.79 1160 | -0.23 | -043 | —-0.09 | —0.28 | 0.56 | 0.37

LdE; —4.70 - 0.97 - -1.05 - -0.91 - | -0.25 -

LdEc, —4.79 - 1.07 - —0.96 - —0.81 - | -0.16 -

BM2; -5.58 | -5.35 | L.11 087 |-0.74 | -0.98 | -0.08 | —0.31 | -0.10 | —0.34

Poly-1 SM2cq -5.64 | -537 [1.16 089 |-0.68 | -0.96 | —0.02 | —-0.30 | —0.04 | —0.32
5E; -5.54 | -5.10 | 1.82 138 | —0.21 | -0.65 | —0.06 | —0.50 | 0.59 | 0.15

SEcq -5.65 | -5.34 | 1.92 162 | -0.10 | -0.40 | 0.04 | -0.26|0.69 | 0.39

SSM2; -5.78 | -5.55 | 1.30 107 | -055 |-0.78 | 0.11 | -0.12 [ 0.09 | —0.14

Poly-S SM2cq -5.79 | -5.69 | 1.32 121 | 053 | 064 |0.13 |0.03 [0.11 |0.00
SSE; -5.87 | -5.51 [2.15 1.79 | 0.12 | -024 |027 |-0.09|092 |0.56

SEc -6.22 | -6.05 [250 |233 |048 |03l 0.62 | 045 | 127 1.10

SM2; -584 | -5.64 | 1.36 116 | -049 | -0.69 |0.17 |—-0.02 [ 0.15 | —0.05

Poly.T TSM2cq -5.94 | 562 [146 |114 |-039 |-0.70 | 027 | -0.04 [0.25 | —0.07
TSE; -578 | -5.61 [206 |189 |0.03 |-013 [0.18 |0.01 |08 |0.66

TSEcq -6.17 | -5.88 | 245 |216 [043 [0.13 |057 |028 |[122 |093

CsM2; -5.59 | —5.47 [ 1.11 099 | -0.74 | -0.86 | —0.08|—-0.19 | —0.10 | —0.22

Poly-C SM2¢q -5.70 | -5.38 [122 091 |-0.63 | -094 |0.04 | —0.28 | 0.0l |-030
OE; -5.56 | —-5.47 | 1.83 1.74 | -0.19 | —0.28 | —0.05]|-0.14 | 0.60 | 0.51

SEcq -5.92 | -5.49 [2.20 177 [0.17 | —026 [032 |-0.11]097 |0.54

Ms\2; -5.29 | -5.29 | 0.81 081 | -1.04 |-1.04 | 038 | —-0.38 | -0.40 | —0.40

Poly- | MM2c, —542 | -542 [094 1094 |-091 |-091 |—-024]-0.25]|-027 |—-0.27
M | ME -5.33 | =522 [1.61 150 | -0.42 | —0.53 | —0.27 | —0.38 | 0.38 | 0.27
MSE -5.68 | —5.57 | 1.96 1.84 | -0.06 |-0.18 | 0.08 | -0.04 | 0.73 | 0.61

KsM2; -6.98 | -6.48 250 [201 [066 |[0.16 132 | 0.82 |130 |0.80
KSSM2¢q -6.90 | -6.60 | 243 [212 [058 |[0.27 124 1093 |[122 |091

Kan2; —4.43 - -0.05 - -1.90 - -1.23 - | -1.26 -

Poly K KAM2 ¢y -4.38 - -0.10 - ~1.94 - -128| - | -130 -
KSE; —-6.86 | -6.68 [3.14 |296 1.11 0.94 126 |1.08 | 191 1.73

SEcq -745 | -7.18 [3.72 | 3.46 1.70 1.43 1.85 | 1.58 250 |223

KA, —6.40 - 2.67 - 0.65 - 0.79 - 1.44 -

KB ¢y —6.68 - 2.96 - 0.93 - 1.08 - 1.73 -
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AEBE

Model Ir mr Xt — Xep— | Kenr sXe/nr Kemr | Xemr | X, — X, —

X Xinr X | =X | = Xir | = X | Xir Xnr

RsM2; —-737 | -6.54 |2.89 |2.06 1.04 | 021 171 |0.88 |1.68 |0.85

RSM2 ¢4 724 | -672 [276 [224 [091 0.39 1.57 | 1.06 | 1.55 1.03

RdMD; —4.47 - -0.01 - -1.86 - -1.19| - |-122 -

RAMD 451 - 0.03 - -1.82 - -1.15| - |-1.18 -

Poly-R RsE; -7.15 | -6.95 | 343 |3.23 1.41 1.21 155 | 1.35 |220 |2.00
BBy -7.39 | -7.39 |3.67 | 3.67 1.64 1.64 179 | 1.79 | 244 | 2.44

RAE; -6.91 - 3.19 - 1.16 - 131 - 1.96 -

RdE¢, -7.05 - 3.33 - 1.31 - 1.45 - |210 -

HsM; -6.36 | —6.36 | 1.88 1.88 [0.03 |0.03 |070 [0.70 |0.67 |0.67
TM2¢q -6.71 | -6.66 | 223 |218 [038 |033 1.05 | 1.00 | 1.02 |0.97

HangD; -5.21 - 0.73 - ~1.12 - -045| - | -048 -
Poly-H HAND -5.26 - 0.78 - -1.07 - -040 | - | -043 -
HSE; -6.61 | -644 [ 289 [271 [086 |[0.69 1.01 | 0.84 | 1.66 1.49

HSE -7.51 | -7.03 |3.78 |3.30 1.76 1.28 190 | 142 |256 |2.07

HAp, —6.06 - 233 - 0.31 - 0.45 - 1.10 -

HIE —6.55 - 2.83 - 0.80 - 0.95 - 1.60 -

DsM2; -3.64 | -3.64 | -0.83 | —0.83 | —2.68 | —2.68 | —2.02 | —2.02 | -2.04 | —2.04
DsM2cq -3.39 | -3.39 | -1.08 | -1.09 | —2.93 | -2.94 | 227|228 | -2.29 |-2.30

DN D; —0.55 - -3.93 - -5.78 - -5.11 - | -5.14 -

Poly-D DAMD —-0.42 - —4.06 - -5.91 - -525| - | -5.27 -
DSE; 244 | 244 | -128 | -1.28 | -3.31 | -3.31 |-3.16|-3.16 | -2.51 | —2.51

DsEc, -3.46 | -3.28 | 027 | —045 | -2.29 | 247 | 2.15|-233|-1.49 | -1.68

DdE; -2.32 - -1.40 - -3.43 - -3.28 - -2.63 -

DA, -2.90 - —0.83 - -2.85 - -2.71 - | -2.05 -

ESM2; —426 | 426 | 022 | —022 | -2.06 | -2.06 | -1.40 | -1.40 | -1.42 | —1.42

ESM2cq -437 | -437 | -0.11 | -0.11 | -1.96 | -1.96 | -1.30|-1.30 | -1.32 | —-1.32

EdMD; -1.28 - -3.19 - —5.04 - 438 | - | -4.40 -

Poly-E EdM2 ey -1.25 - -3.23 - -5.08 - —4.41 - | —4.44 -
ESE; —3.48 | —3.48 | 024 | —024 | 226 | 226 | 212 |-2.12 | -1.47 | -147

BSEcq 426 | -4.14 | 054 041 | -149 | -1.61 | -1.34|-1.46 | —-0.69 | —0.81

FdE; -3.28 - —0.44 - —2.46 - 232 - |-1.67 -

BdE., -3.76 - 0.03 - -1.99 - -1.85| - | -1.0 -

NsM2; -5.71 | -5.51 | 1.23 103 | 062 | -082 [005 |—-0.15]0.02 |-0.18
Poly-N NsM2¢q -5.87 | -5.68 | 1.39 120 | -046 | -065 | 021 [0.02 [0.18 | —0.01
NsE; —-5.84 | -5.61 |2.11 189 |0.09 |-0.14 |023 |0.01 |088 |0.66

NSE(, -6.13 | -590 241 |217 038 |0.15 [053 [029 |1.18 |094

ABM2; -546 | -536 [ 099 088 |-0.86 |-0.97 |-0.20]-0.30|-0.22 | —-0.33

Poly-0 BM2¢q -5.56 | —5.53 | 1.08 1.05 | -0.77 | —0.80 | —0.10 | —0.14 | —0.13 | —0.16
O, -541 | -5.39 | 1.69 167 | -034 | -035 | —0.19|-0.21 | 0.46 | 0.44

BE ¢, 585 | -585 [2.13 213 |0.10 |0.10 |[025 |[025 |[090 |0.90

Supplementary Table S2 (cont.)
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AEBE

Model Ir mr Xer — Xir Xen—Xoe | Xenr—Xir ;((e" Keme = Xie )’((e - X, Xir X — Xonr
PSM2; —550 | -543 | 1.02 |095 |-083 |-090 |-0.17 | -0.23 | -0.19 | —-0.26
Poly-P PSM2 o —5.65 | -5.65 | 117 | 117 | -068 | -0.68 | —0.02 | —0.02 | —0.04 | —0.04
PSE; 575 | -537 202 |165 1000 | 038 [015 |-023]0.80 |042
PEcq -5.64 | -5.52 | 191 180 | -0.11 |-023 |[0.04 | -008[0.69 |0.57
FsM2; 625 | —6.10 | 1.77 | 162 |-0.08 |-023 | 059 |[044 |0.56 |04l
FSM2 o 666 | -621 218 |1.73 1033 | —0.12 |1.00 |055 |097 |0.52
Poly-F FSE; 656 | -6.17 |28 |244 |08 042 |095 |0.56 |1.61 121
FEcq 683 | -667 311 |295 [1.09 [092 |123 [1.07 |18 |1.72
YsM2; 636 | -6.12 |18 |164 003 | -021 [070 [046 [0.67 |043
YSM2q 660 | -636 212 | 188 028 003 |094 |070 |091 |0.67
Poly-Y ISig —6.66 | —6.15 1293 |243 091 040 |105 |055 [1.70 |1.20
YSEcq —6.79 | -6.63 |3.07 | 291 104 | 088 |1.19 |1.03 |1.84 |1.68
WsM2; 636 | 627 |18 179 003 | -006 [070 061 |0.67 058
WSM2cq 670 | -635 222 [187 037 002 |1.03 |068 [1.01 |0.66
WM, —5.38 - 0.90 - —0.95 - -028| - |-031 -
Poly- | VM2, ~5.29 - 0.81 - ~1.04 - —038| - |-040 -
W | WE; 685 | -653 313 |280 [110 [078 |125 [092 | 190 [1.58
WSEcq 691 | -6.75 |3.18 [303 |[116 [100 |130 |1.15 [1.95 | 1.80
WAE, —6.45 - 2.72 - 0.70 - 0.85 - 1150 -
WdE ., —6.48 - 2.76 - 0.73 - 0.88 - 1153 -
all-shpD; —0.67 | -0.85 | -0.01|—-0.19 | —0.03 | —0.21
—5.66 | =548 | LI8 ) 100 | el 073 |+ + £0.86 | £0.73
+0.86 | £0.73 | £0.86 | £0.73 086 | 073
all-SM2 g 054 | -0.74 |0.13 | —0.08|0.10 | —-0.11
-5.79 | -5.58 | 1.31 1.10
2089 | £081 |+089 | 081 | ¥08 | =081 389 381 £0.89 | +0.81
alldp2; -3.67 - -0.81 - - - -2.00 - -2.02 -
+1.58 +1.58 +1.58 +1.58
All all-d\[D -3.65 - -0.83 - - - 201 | - |-2.04 -
+1.61 +1.61 +1.61 +1.61
all-sg, 561 |-541 | 189 |1.69 |-0.13 |-034 |[0.01 |-0.19|0.66 |0.46
+1.14 | £1.05 | £1.14 | £1.05 | £1.14 | £1.05 | £1.14 | £1.05 | £1.14 | £1.05
allsE e, 594 | =575 | 222 [203 |019 [000 [034 015 [0.99 [0.80
+£1.05 | +1.04 | £1.05 | £1.04 | +1.05 | +1.04 | +1.05 | £1.04 | £1.05 | +1.04
all-dp, —4.89 - 1.17 - - - -0.71 - -0.06 -
+1.52 +1.52 +1.52 +1.52
alldE ., -5.14 - 1.41 - - - -0.46 - 0.19 -
+1.45 +1.45 +1.45 +1.45

Supplementary Table S2 (cont.)

11




Table S3: Averaged estimated binding energies (EBEs) of assembled bundles of
TMDs of tetrameric M2, pentameric E and in combination with groups of the poly-
peptides (pp’s). Details of the calculations and the notations are given in Supplementary
Table S2.
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AEBA

Model Ir mr Xet—Xir | Xea=Xmr | Xenr—Xir SX;( T Kems = Xis Xem — X X - X X = X
M2c —4.48 - - - - - - - - -
2 M2/ —6.33 - 1.85 - - - - - - -
*M2ge —5.66 - 1.18 - - - - - - -
M2 | 569 - 1.21 - —0.64 - 0.02 - - -
Ec. -3.72 - - - - - - - - -
E "Eg/ie -5.75 - 2.02 . - . - R _ i
£ SEE/mr —5.60 - 1.88 - - - - - - -
‘Eg —4.95 - 1.23 - —0.80 - —0.65 - - -
OAM2i | —496 | —4.86 0.49 0.38 —136 | —-147 | —070 | —081 | —072 | —083
+0.07 | £0.10 +0.07 +0.10 +0.07 +0.10 +0.07 +0.10 +0.07 +0.10
M2ca | —520 | —491 0.72 0.43 —113 | —141 | —046 | —075 | —049 | —0.77
+0.08 | + 0.02 +0.08 +0.02 +0.08 +0.02 +0.08 +0.02 +0.08 +0.02
M2 | 355 ) —0.93 ) .77 ) —2.11 —2.13 )
+0.06 +0.06 +0.06 +0.06 - +0.06
“M2e | 355 ) —0.93 ) -2.78 ) —2.11 —2.14 )
G +0.02 +0.02 +0.02 +0.02 - +0.02
A OME; —485 | —4.76 1.13 1.04 -090 | —098 | —075 | —0.84 | —0.10 | —0.19
+0.01 | +0.11 +0.01 +0.11 +0.01 +0.11 +0.01 +0.11 +0.01 +0.11
“Eew | —497 | —4.76 1.24 1.04 —0.78 | —0.99 | —0.63 | —0.84 0.02 —0.19
+0.18 | +0.24 +0.18 +0.24 +0.18 +0.24 +0.18 +0.24 +0.18 +0.24
GAd
E; _
54i-0 0.32 ) ~1.70 ) s —0.91 .
+0.01 :
ool +0.01 001 i +£0.01
MEca | —4.16 0.44 ) ~1.59 ) —1.44 —0.79 )
+0.05 +0.05 +0.05 +0.05 - +0.05
VM2 | 548 | —5.26 1.00 0.78 —085 | —-1.07 | —018 | —040 | —021 | —043
+0.19 | +0.09 +0.19 +0.09 +0.19 +0.09 +0.19 +0.09 +0.19 +0.09
VEM2eo | =562 | —541 1.15 0.93 —0.70 —0.92 —0.04 —0.26 —0.06 —0.28
+£0.02 | +0.04 +0.02 +0.04 +0.02 +0.04 +0.02 +0.04 +0.02 +0.04
M2 | g2 i —0.36 i 221 i —1.54 ~1.57 i
+0.01 +0.01 +0.01 +0.01 - +0.01
WIM2ca | 414 ) —0.34 ) —2.18 ) —1.52 ~1.55 .
‘L’ +0.09 +0.09 +0.09 +0.09 - +0.09
1 VLE; 548 | —5.22 1.76 1.50 —027 | —053 | —012 | —038 0.53 0.27
+0.13 | +0.12 +0.13 +0.12 +0.13 +0.12 +0.13 +0.12 +0.13 +0.12
“Ecw | —556 | —5.38 1.84 1.65 —0.19 | —037 | —004 | —023 0.61 0.43
+0.07 | +0.08 +0.07 +0.08 +0.07 +0.08 +0.07 +0.08 +0.07 +0.08
YE | 4 i 0.98 i i —0.90 —0.24 i
+0.01 +0.01 +0.01 - +0.01
VIMEG, —4.82 i 1.10 ) ) -0.78 —0.13 )
+0.05 +0.05 +0.05 - +0.05
M2, —581 | —5.59 133 1.12 —0.52 —0.73 0.14 —-0.07 0.12 —0.09
+0.04 | +0.07 +0.04 +0.07 +0.04 +0.07 +0.04 +0.07 +0.04 +0.07
™M2ca | —587 | —5.66 1.39 1.18 —046 | —067 0.20 —0.01 0.18 —0.03
S +0.10 | +0.05 +0.10 +0.05 +0.10 +0.05 +0.10 +0.05 +0.10 +0.05
T STSE; —5.82 —5.56 2.10 1.84 0.08 —0.19 022 —0.04 0.87 0.61
£0.06 | +0.07 +0.06 +0.07 +0.06 +0.07 +0.06 +0.07 +0.06 +0.07
STEcq —620 | =597 247 224 0.45 0.22+ 0.60 037 1.25 1.02
£0.04 | +0.12 +0.04 +0.12 +0.04 0.12 +0.04 +0.12 +0.04 +0.12

Supplementary Table S3 (cont.)
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AEBA

Model Ir mr Xet=Xir | Xea—Xar | Kot = Xir ”Xf('” - Xowr = X1 Kem-Xo | Ke=Xir | Xe— Xor
MM2i | 544 | —538 0.96 0.90 —089 | —095 | —023 | —029 | —025+ | —031
+021 | +0.13 +0.21 +0.13 +0.21 +0.13 +0.21 +0.13 0.21 +0.13
M2 | 556 | —5.40 1.08 0.92 —077 | =093 | —0.10 | —026 | —0.13+ | —0.29
C £0.20 | +0.02 +0.20 +0.02 +0.20 +0.02 +0.20 +0.02 0.20 +0.02
M ME; —544 | —534 1.72 1.62 —0.30 —0.4 —0.16 —0.26 0.49 0.39
+0.16 | +0.17 +0.16 +0.17 +0.16 | 1+0.17 | +0.16 +0.17 +0.16 +0.17
MEq, —58 —5.53 2.08 1.80 0.05 —022 0.20 —0.07 0.85 0.58
£017 | +£005 | 2017 | £005 | £017 | +005 | +017 | +005 | £017 | £0.05
KREM2i | 691 | —6.46 243 1.98 0.58 0.14 124 0.80 1.22 0.7
+0.51 +0.09 +0.51 +0.09 +0.51 +0.09 +0.51 +0.09 +0.51 7+ 0.09
KREM2co | —6.95 | —6.66 2.47 2.18 0.62 0.33 1.29 1.00 1.26 0.97
+0.27 +0.06 +0.27 +0.06 +0.27 +0.06 +027 +0.06 +0.27 +0.06
M2 | 470 ) 0.22 ) —1.62 ) —0.96 —0.99 )
+0.44 +0.44 +0.44 +0.44 - +0.44
M2ca | 472 ) 024 ) ~1.61 ) —0.95 —0.97 )
Ié +0.47 +0.47 +0.47 +0.47 - +0.47
- CE | 688 | —6.69 | 3.5 2.97 113 0.94 127 1.09 1.924 S
+0.27 +0.26 +0.27 +0.26 +0.27 +0.26 +027 +0.26 0.27 +0.26
Eca | 745 | =720 3.73 347 1.70 1.45 1.85 1.60 2.50 225
+0.06 +0.18 +0.06 +0.18 +0.06 +0.18 +0.06 +0.18 +0.06 +0.18
KRR 645 ) 273 ] 0.71 i 0.85 1.50 -
+0.43 +£0.43 +£0.43 +0.43 - +0.43
MUMEC, | 676 ) 3.04 ) 1.01 ) 1.16 1.81 )
+0.26 +0.26 +0.26 +0.26 - +0.26
PEM2 | 395 | —395 | —052 | —052 | —237 | —237 | —171 | -171 | <173 | -1.73
£044 | 044 | +£044 | +044 | +044 | +044 | +044 | +044 | +044 | +0.44
PPM2ca | —388 | —3.88 | —0.60 | —060 | —245 | —245 | —178 | -1.79 | —181 | —181
£0.69 | 069 | 069 | £069 | £069 | 069 | 069 | £069 | £069 | +0.69
PEM2i | —0.92 ) —3.56 ) —5.41 ) —4.75 —477 )
+£0.52 +£0.52 +£0.52 +£0.52 - +£0.52
PEM2c. | —0.83 ] —3.65 ] —5.50 ] —4.83 —4.86 ]
D £0.59 £0.59 £0.59 £0.59 . £0.59
E PEE; —296 | —296 | —076 | —076 | —2.79 | —279 | —264 | —264 | —199 | —1.99
£074 | +074 | 074 | £074 | £074 | 074 | 074 | £074 | £074 | +0.74
B | =386 | —3.71 0.14 —0.02 | —-189 | —204 | —174 | —189 | —1.09+ | —1.24
+£057 | 061 | £057 | +061 | +057 | +061 | +0.57 | +0.61 0.57 +£0.61
PREL | 280 i —-0.92 i 295 i —2.80 -2.15 i
£0.68 £0.68 £0.68 £0.68 . £0.68
PBee | —333 ) —0.40 ) —2.42 ) 228 ~1.63 )
+0.61 +0.61 +0.61 +0.61 - +0.61
NOEM2i | 556 | —5.43 1.08 0.95 -077 | —089 | —0.11 | —023 | —013 | —026+
+£0.13 | +0.08 +0.13 +0.08 +0.13 +0.08 +0.13 +0.08 +0.13 0.08
NOPM2eq | _569 | —5.62 121 1.14 —0.64 —0.71 0.03 —0.05 0.00 —0.07+
g £0.16 | +0.08 +0.16 +0.08 +0.16 +0.08 +0.16 +0.08 +0.16 0.08
P YRR | 567 | —5.46 1.94 1.73 —-0.08 | —0.29 0.06 —0.14 0.71 0.51
£0.22 | +0.13 +0.22 +0.13 +0.22 +0.13 +0.22 +0.13 +0.22 +0.13
NOPE, 587 | —5.76 2.15 2.03 0.13 0.01 0.27 0.15 0.92 0.81
£025 | £020 | £025 | £020 | +025 | 020 | +025 | +020 | £025 | =020

Supplementary Table S3 (cont.)




AEBA

Model Ir mr Xeo— X | Xer—Xor | Xt =X SX;; T Kem =X | Kew=Xor | Ke=Xir | Xe—Xar
M2 630 | —6.16 1.84 1.68 000 | —0.16 | 0.66 0.50 0.64 0.48
£0.06 | £009 | £0.06 | £009 | +006 | +009 | £006 | +009 | £006 | £0.09
WM2ew | —6.65 | —631 2.17 1.83 033 —0.02 0.99 0.64 097 0.62
£0.05 | 4008 | #£005 | £008 | £005 | -0.08 | +£0.05 | 008 | £0.05 | £0.08
YWOM2; | 538 - 0.90 - —0.95 - —0.28 - —0.31 -
5 VMG, | 509 - 0.81 - —1.04 - —0.38 - —0.40 -
w "WE | 669 | —628 | 296 2.56 0.94 0.53 1.09 0.68 1.74 1.33
2015 | 021 | #0105 | £021 | 045 | £021 | 015 | +021 | £0.15 | 021
"Eew | 684 | —668 | 3.12 2.96 1.10 0.93 1.24 1.08 1.89 oz
£0.06 | 006 | 006 | £006 | £006 | £0.06 | 006 | £0.06 | =006 | +0.06
WIE | g5 - 272 - 0.70 - 0.85 - 1.50 -
FYWdEC“ —6.48 - 2.76 - 0.73 - 0.88 - 1.53 -

Supplementary Table S3 (cont.)
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Table S4: Estimated binding energy differences (AEBEs) for differently assembled
poly-peptides (pp’s) and pp-bundles. The difference is calculated between (i) the EBEs
of CG models of bundles in which the to-be-docked pp and pp-bundles are modeled as
ideal helix (i, see also in Figure 3) and (ii) the EBEs when modeled with TMDs and
pp’s for which the Ca atoms are adopted to the same coordinates as the experimental
structures (Ca, see also in Figure 3). ‘1r’ and ‘mr’ mark the values taken from first
ranked structures of trimeric M2 and tetrameric E experimental bundles M2, and E; and
those for which the marker-residues are pointing into the putative pore, respectively.
The trimeric and tetrameric bundles are obtained by deleting one helix from the bundle
using the software MOE. ‘aa’ marks the amino acid the pp is made of. (in superscript as
aa/) and whether synchronous docking (s, s-screening) or dimeric docking (d, d-
screening) is applied, shown as e.g. ‘aa/s’. e = structures or sequence used from
experimental sources; t = a truncated version of E protein is used; 4 and 5 mark whether
a tetrameric ensemble or pentameric ensemble is modeled. The number of TMDs used
for the poly-peptides are marked as superscripts 4/ and 5/. Avg. = averaged value.

Soppeaa Seppeaa aa/sl\/lze | aa/dl\/lze aa/sl\/lze aa/sEt ‘ aa/dEt aa/sEt
aa Ir mr Ir mr
G 0.14 1.06 0.24 —0.03 —0.03 0.25 0.14 0.09
A 0.09 0.74 0.23 0.02 0.14 —0.01 0.09 —-0.10
A" 0.12 0.51 0.03 0.07 0.14 —0.04 0.14 0.13
L —-0.07 1.16 0.35 —-0.03 0.28 0.18 0.09 0.10
I —0.02 0.42 0.06 0.02 0.11 0.24
S 0.12 1.29 0.02 0.14 0.35 0.54
T 0.13 1.22 0.10 —0.02 0.39 0.27
C 0.04 0.63 0.11 —0.09 0.37 0.02
M 0.64 0.23 0.14 0.13 0.35 0.35
K 0.61 -0.07 —-0.08 —0.05 0.11 0.59 0.29 0.50
R -1.07 —-0.44 —-0.14 0.04 0.18 0.24 0.14 0.44
H 0.01 1.71 0.35 0.05 0.30 0.90 0.49 0.59
D 0.41 5.19 -0.25 —0.13 —-0.26 1.02 0.58 0.83
E 0.01 3.57 0.10 —-0.04 0.10 0.78 0.47 0.65
N 0.27 1.26 0.16 0.17 0.30 0.29
Q 0.05 1.46 0.09 0.17 0.44 0.46
P 0.03 -0.12 0.15 0.22 —0.11 0.15
F 0.04 -0.13 0.41 0.11 0.28 0.50
Y —-0.23 —-0.29 0.24 0.24 0.14 0.48
W 0.21 0.35 0.34 -0.09 0.08 0.05 0.03 0.22

Avg. 0.08 0.99 0.13 -0.02 0.11 0.33 0.25 0.34

+ (.34 +1.34 +0.17 +0.07 +0.13 +0.30 +0.20 +0.24
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Table S5: Estimated binding energy differences (AEBEs) between groups of
assembled TMDs. The AEBEs are averaged over groups of poly-peptides (pp’s), which
each consists of one of the 20 amino acids (aa), used in the docking: GA, VLI, ST, CM,
KRH, DE, NQP, FYW. Each of the difference of each pp is calculated between (i) the
EBEs of CG models of bundles in which the to-be-docked pp and pp’s are modeled as
ideal helices (i, see also in Figure 3) and (ii) the EBEs when modeled with TMDs and
pp’s for which the Ca atoms are adopted to the same coordinates as the experimental
structures (Ca, see also in Figure 3). Details of the calculations and the notations are
given in Supplementary Table S4.
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aap 4/Sp_aa 5/sp_aa aa-s\[2,, | aa—dM2e aa-s\[2, aa-Sp ‘ aa—dEe 4 aa-Sp
1r mr 1r mr
G 0.14 1.06 0.24 -0.03 -0.03 0.25 0.14 0.09
A 0.09 0.74 0.23 0.02 0.14 —0.01 0.09 —0.10
Ay 0.12 0.90 0.24 0.00 0.06 0.12 0.11 0.00 =
g +0.03 +0.23 +0.01 +0.04 +0.12 +0.18 +0.04 0.13
v 0.12 0.51 0.03 0.07 0.14 ~0.04 0.14 0.13
L —0.07 1.16 0.35 ~0.03 0.28 0.18 0.09 0.10
I ~0.02 0.42 0.06 0.02 0.11 0.24
Ay 0.01 0.70 0.15 0.02 0.14 0.08 0.12 0.16
g £0.10 +0.40 +0.18 +£0.07 +£0.13 +£0.11 +0.03 +£0.07
S 0.12 1.29 0.02 0.14 0.35 0.54
T 0.13 1.22 0.10 ~0.02 0.39 0.27
A 0.12 1.26 0.06 0.06 0.37 0.40
Ve +0.00 +0.05 +0.06 +£0.11 +0.03 +0.20
C 0.04 0.63 0.11 ~0.09 0.37 0.02
M 0.64 0.23 0.14 0.13 0.35 0.35
A 0.34 0.43 0.12 0.02 0.36 0.19
Ve +£0.42 +0.28 +0.02 +£0.15 +0.04 +£0.23
K 0.61 —0.07 -0.08 -0.05 0.11 0.59 0.29 0.50
R -1.07 —0.44 ~0.14 0.04 0.18 0.24 0.14 0.44
H 0.01 1.71 0.35 0.05 0.30 0.90 0.49 0.59
Ay -0.15 0.40 0.04 0.01 0.20 0.57 0.31 0.51
g +£0.85 +£1.15 +0.26 +£0.05 £0.09 +£0.33 +0.18 +£0.08
D 0.41 5.19 -0.25 -0.13 —0.26 1.02 0.58 0.83
E 0.01 3.57 0.10 ~0.04 0.10 0.78 0.47 0.65
Ay 0.21 438 0.07 -0.09 -0.08 0.90 0.52 0.74
g +0.28 +1.15 +0.25 +0.07 +0.26 +0.17 +0.07 +0.13
N 0.27 1.26 0.16 0.17 0.30 0.29
Q 0.05 1.46 0.09 0.17 0.44 0.46
P 0.03 ~0.12 0.15 0.22 —0.11 0.15
Av 0.12 0.87 0.14 0.19 0.21 0.30
g +0.13 +0.86 +0.04 +£0.03 +0.29 £0.15
F 0.04 -0.13 0.41 0.11 0.28 0.50
Y -0.23 —0.29 0.24 0.24 0.14 0.48
w 0.21 0.35 0.34 —0.09 0.08 0.05 0.03 0.22
Ay 0.01 -0.02 0.33 0.14 0.16 0.40 +
g £0.22 +0.33 +0.08 £0.09 +£0.11 0.15

Supplementary Table S5 (cont.)
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Supplementary Table S5 (cont.)
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Figure S1: Root mean square displacement values over Co atoms of each structure
calculated every 500 ps. T he peptides simulated are (I) M2; (black line) M2, (red line), E,
(blue line), Ele and E2. (pink and green lines, respectively with 1 and 2 marking the first and
second E protein in the simulation box); (II) 6K, (black line), SHy (red line) and SHe (blue
line); (IIT) Vpusz (black line), Vpuzs (red line), Vpue (blue line), Vpu, (pink line).
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Supplementary Figure S2 (cont.)
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Figure S2: Ranking of the assembled bundles based on estimated binding energies (EBEs)
over tilt from applying S1 protocol and visualization of the structures. (A) EBEs over tilt of
assembled tetrameric M2; and M2.. The green box marks a minimum value for which
handedness and orientation of the marker-residue (mr) matches the experimental position.
(B) Structural models of the respective bundles M2; and M2.. The side chains mark residue
H37 either in dark blue ball and stick modus or respective spheres for the CG models. (C)
EBEs over tilt of assembled pentameric Ec and E, bundles. Bundles in which the mr F26 is
pointing into the pore are indicated by their rank (red numbers and arrows). (D) Structural
models of the respective bundles E. and E,. Side chains mark residue F26 in dark blue for E.
(E) EBEs of assembled hexameric 6K,, pentameric SH, and SH. bundles over the tilt. (F)
Structural models of the respective bundles 6K;,, SH, and SHe. Side chains mark the following
residues: A28 (orange) for 6K, H22 (blue), S29 (yellow) for SH, and SHe, respectively.

The structural models used are all atom models with TMDs from a MD simulation (AA-MD),
for coarse-grained models (CG), as well as for all atom models (AA). The subscripts indicate
the use of: i = ideal helices; e = structures or sequence used from experimental sources; p =
ideal structures from sequences of amino acids predicted to form a helical TMD. The grey
dashed line marks the energy value for zero tilt. The small blue and red boxes in the plots
mark minimum energies for energies with tilts larger and lower, respectively, than zero tilt.
Structural models of the respective bundles are surrounded by red (tilt <0 tilt) and blue boxes
(tilt > 0) in top (from N to C) and side view (cytoplasmic side pointing downwards). The
helix-backbone is shown in grey cartoon mode. Amino acid side chains are shown either in
ball-and-stick model for AA models or spheres for CG models.
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Figure S3: Ranking of the assembled bundles based on estimated binding energies (EBEs)
over tilt from applying S1 protocol and visualization of the structures of Vpu. (A) EBEs
over tilt for assembled tetra-, penta- and hexameric Vpuxs and Vpus2 bundles. (B)
Structural models of the respective bundles Vpuzgs and Vpusz. The side chains mark the
following mr S24 (yellow). (C) EBEs of assembled bundles Vpue and Vpu,. (D) Structural
models of the respective bundles Vpu. and Vpu,.

The structural models used are all atom models (AA), models with TMDs from a MD
simulation (AA-MD), and coarse-grained models (CG). The subscripts indicate the use of:
32 and 28 = numbers of amino acids modeling ideal TMDs; e = structures or sequence used
from experimental sources; p = ideal structures from sequences of amino acids predicted to
form a helical TMD. The ‘oligomers’ are sorted according to the number of TMDs forming
the bundle. The grey dashed line marks the minimum estimated binding energy (EBE) for
zero tilt. The small blue and red boxes in the plots mark EBEs for structures with tilts larger
and lower, respectively, than zero tilt. Structural models of the respective bundles are
surrounded by red (tilt < 0 tilt) and blue boxes (tilt > 0) in top (from N to C) and side view
(cytoplasmic side pointing downwards). The helix-backbone is shown in grey cartoon mode.
The helix-backbone is shown in grey cartoon mode. Amino acid side chains are shown either
in ball-and-stick mode for the AA models or as spheres for the CG models.
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Figure S4: Comparison of assembled tetrameric M2, and pentameric E protein. All atom
(AA) models using PICA and an available software ColabFold (DOI: 10.1038/
$41592-022-01488-1, reference [66] in the manuscript), GalaxyHomomer (DOI: 10.1093/
nar/gkx246, [67] in manuscript) and IntFold (DOI: 10.1093/nar/gkz322, [68] in
manuscript) with the existing crystal structures of M2 (PDB ID: 1NYJ) and E protein (PDB
ID: 5X29). For PICA all atom (AA) models of M2, and E. are used using the same amino acid
sequence as for M2; and E,, respectively. For all other server’s amino acid sequences as for
M2; and E, are used. Numbers in brackets represent the root mean square deviation (RMSD)
values in nm of the structures with reference to the experimental structures. Letters R and L
refer to right- and left-handed bundles, respectively, of the crystal structures. Numbers in
squared brackets represent the tilt angles (°), given as average over the TMDs of a
bundle with standard deviation. The numbers for all models are presented in in Table 2).
The best models of PICA compared with the experimental structure are highlighted in a red
box.

The structural models are shown with their backbone (grey) with the marker residues H37
for M2 and F26 for E protein in ball-stick modus in blue. The subscripts indicate the use of: i
= ideal helix used; e = sequence as in experimental study reported in literature or
experimental structure used for which PDB ID is available; p = ideal structures from
sequences of amino acids predicted to form a helical TMD.
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Figure S5: Ranked estimated binding energies (EBEs) of single helical poly-peptides
(pp’s) assembled with target peptides as well as with itself for target peptides for which the
marker-residues (mr) are pore-lining. Each of the single pp’s generated for each of the 20
amino acids is docked to (A) M2 (PDB ID: INY]J) with the EBE values marked as squares
and (B) to a truncated version of E (PDB ID: 5X29), E;, marking the EBEs with circles. The
values are calculated for CG-models of pp’s as either ideal helices (i, see also in Figure 3) or
those with helices for which the Ca atoms adopt the same coordinates as the experimental
structures (Co, see also in Figure 3) being assembled with oligomeric M2 or E bundles. For
both plots, individual single pp’s are assembled synchronously (s-screening, s) with three
TMDs (143) of M2 or four TMDs of E (1+4) (red), as well as 4 (in (A)) and 5 pp’s (in (B))
with themselves (yellow). In addition, the pp’s are docked using dimeric docking (d-
screening, d) in which three or four of the TMDs of M2 and E, respectively, were
preformed/taken from the respective crystal structures and docked with the p-peptide (blue).
Docking of mutants, H37A and A30H for M2 and F26A for E, are shown for s-screening
(grey) and d-screening (black). The pp’s are either used as ideal helices, marked with i, or as
helices for which the Ca atoms adopt the same coordinates as the experimental structures,
marked with Co. Reference lines are marking the EBEs of (i) the crystal structures of M2,
and E; (black lines), (i1) the Ir redocked M2, ad E; structures using s-docking, M2, and °E,
(black dashed line), and (iii) the Ir redocked M2 and E; structures using d-docking,
dM2. and °E; (grey line). For EBEs see Supplementary Table S2.
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