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Supplementary materials

Rotational Dynamics of the Transmembrane Domains Play an
Important Role in Peptide Dynamics of Viral Fusion and Ion
Channel Forming Proteins — a Molecular Dynamics Simulation
Study

Table S1. Difference of diffusion coefficients (DCs) between monomer and oligomer, referring the
monomer diffusion coefficient value as 100 %.

Translational diffusion coefficient

experimental spp lpp
structures A A% Ave. A% p A A% Ave. A% p
35 -0.04 -18.9 -0.04 -18.9
SHA -0.02 -10.8 153 -0.02 -12.8 135
3gp4dl -0.04 -18.3 136 - -0.01 -8.0 L 49 -
3B -0.03 -124 -0.01 -9.6
3R696L -0.04 -16.0 -0.03 -17.9
Vpu -0.06 -24.5 -0.06 -24.5
‘M2 -0.04 -18.8 —23.4 . -0.03 -15.7 -21.9 .
5E -0.06 -26.3 +32 -0.04 -22.6 +4.2
SEsg-a/b -0.05 -24.0 -0.03 -24.7
Vpu -0.04 -15.8 154 -0.04 -15.8 134
SM2 -0.03 -14.4 0.952 -0.02 -10.9 0.984
+0.8 +24
3E -0.04 -16.0 -0.02 -13.5
(ideal struc- spp Ipp
tures A A% Ave. A% p A A% Ave. A% p
35 -0.03 -12.7 -0.03 -12.7
33HA :0.03 :15.9 156 :0.02 :13.4 135
gp4l 0.04 18.2 125 - 0.02 16.7 18 -
SR696L -0.04 -16.8 -0.02 -12.3
gB -0.03 -14.2 -0.02 -12.6
Vpu -0.06 -25.9 -0.06 -25.9
‘M2 -0.05 -21.6 —24.9 o -0.04 -19.5 —22.7 .
E -0.06 -27.1 +29 -0.04 -22.8 +3.2
Vpu's -0.05 -22.4 -0.03 -17.5

Rotational diffusion coefficient

experi- spp lIpp
tal
menta A A% Ave. A% p A A% Ave. A% p
structures
-1.84 -1.84
3 — _
5 *+0.07 359 —28.4 +0.07 359 —23.7
-0.84 +7.3 -0.58 +10.5
3 — !
HA £ 0.04 20.2 £ 0.07 20.5
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sgp4l ;)..%z -33.9 i—%ﬁ -10.9
3gB ;%'%52 -21.1 ;%‘%22 -10.7
~1.54 ~0.52
SR696L + 0.00 -30.7 L 0.06 -24.9
5Vpu ;20‘51 -39.0 ;zoﬁ -39.0
~1.54 ~0.74
M2 +0.02 23 -39.8 . +0.02 23 -31.9 0,099
. ;20?)2 480 +64 :0 .%; a6 +7.1
5Essan ;2‘351 -39.8 ;%352 —28.8
*Vpu ;2‘377 -31.8 :()'%77 -31.8
-1.26 -30.8 0. -24.8
M2 \ o0 -26.4 . 2 0 0.559 i%f)i -17.2 e 0.531
-1.80 -0.71
E +0.03 343 +0.03 4
ideal struc- spp lpp
tures A A% Ave. A% p A A% Ave. A% p
-1.20 -1.20
S +0.03 249 +0.03 249
-1.23 -0.61
SHA 2 0.03 283 Lo -21.0
B g M0 Y R
-1.47 -0.30
5R696L + 0.05 -31.7 L 0.0 -17.0
'gB ;ﬁé 255 ;%%Z -14.9
M2 . %)Z)zz 352 -41.9 . . %%51 79 -333 0.094
S ren 443 *63 o ~31.0 = |
Vpu'n ;)Z;; -38.6 ;%%92 ~24.9

Diffusion data derived from 500 ns MD simulations for the experimental and ideal conformations
are calculated using the core TMD region of the TMDs (spp) and the whole number of amino acids
(Ipp). The translational values are given in [x 107 cm?/s], the rotational diffusion data are as [1/ps].
The standard deviation is only given when calculated to be > 0.01 units. "p’ value is calculated
pairwise using fusion protein as the reference. *: p < 0.05, **: p < 0.01.
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Table S2: DCs derived from 500 ns MD simulations of the experimental and ideal single TMDs

(monomer) and when simulated in their respective oligomeric states (oligomer).

Translational diffusion coefficient (experimental structures)

Monomer spp Ipp A (spp - Ipp) A% aa length A-length
0.0
1
S 0.23 0.23 0.0 £03 21 0
HA 0.21 0.17 0.01 -0.04 -18.3 30 7
£29
-34.7
1 —
gB 0.22 0.14 0.08 e11 40 17
: -36.9
R696L 0.23 0.14 +0.01 -0.08 40 17
+43
-37.8
1 —
gp4l 0.23 0.14 0.09 o5 40 17
Wpu 0.25 0.25 0.0 0.0 19 0
P : : : +0.3
M2 0.22 0.18 -0.04 179 28 5
+0.6
—27.2
1E 0.23 0.17 -0.06 32 9
+1.2
1Es8.0/ 0.23 0.14 -0.09 —40.1 58 25
+1.4
Oligomer
0.0
3 1 1 . 1
S 0.19 0.19 0.0 93 2 0
-20.1
SHA 0.19 0.15 -0.04 0 30 7
+14
-30.1
s3opdl 1 1 -0. 4 17
gp 0.19 0.13 0.06 t10 0
-32.6
3 1 1 -0. 4 17
gB 0.19 0.13 0.06 Y 0
SR696L 0.19 0.12 -0.07 383 40 17
+0.5
5Vpu 0.19 0.19 0.0 0.0 19 0
P : ' ' +1.0
-14.
M2 0.18 0.15 -0.03 8 28 5
+0.7
-23.
5E 0.17 0.13 -0.04 3.5 32 9
+0.8
SEss.a 0.17 0.10 -0.07 00 58 25
+14
SVpu 0.21 0.21 0.0 0.0 19 0
P ! ! ! +1.6
-14.5
M2 0.19 0.16 -0.03 28 5
+04
25,
SE 0.19 0.14 -0.05 50 32 9

+1.3
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Translational diffusion coefficient (ideal structures)
Monomer spp Ipp A (spp - Ipp) A% aa length A-length
0.0
1
S 0.23 0.23 0.0 06 21 0
HA 0.21 0.17 -0.04 ~18.4 30 7
0.9
1gp4l 0.22 0.14 -0.08 135'2 40 17
IR696L 0.22 0.13 -0.09 41 40 17
1.7
-41.3
1 —
gB 0.23 0.13 0.09 L 07 40 17
Vpu 0.25 0.25 0.0 0.0 19 0
P ' ‘ ‘ £17
M2 0.23 0.19 -0.04 ~155 28 5
+04
E 0.23 0.17 -0.06 4 32 9
+1.3
. -28.2
Wpu's 0.22 0.16 -0.06 06 32 9
Wpu'ssap 0.21 0.12 -0.09 145 52 53 30
Oligomer
35 0.20 0.20 0.0 0.0 21 0
' ] ] +0.2
-16.1
SHA 0.18 0.15 -0.03 6 30 7
+0.9
-35.9
3 —
gp4l 0.18 0.12 0.06 04 40 17
3R696L 0.18 0.11 -0.07 379 40 17
+0.6
-40.2
3 —
gB 0.19 0.12 0.08 105 40 17
Vpu 0.19 0.19 0.0 0.0 19 0
P ' ' ' £22
-13.2
M2 0.18 0.15 -0.02 28 5
0.3
5E 0.17 0.13 -0.04 210 32 9
+04
-23.7
5 * —
Vpu'n 0.17 0.13 0.04 +11 32 9
Rotational diffusion coefficient (experimental structures)
Monomer spp Ipp A (spp - Ipp) A% aa length A-length
5.13 5.13 0.00 0.0
1
5 +0.04 +0.04 =0.02 =0.7 21 0
417 2.81 -1.36 -32.7
1
HA +0.04 +0.15 +0.07 +5.3 30 7
452 2.04 -2.48 -54.9
9B 4 17
& +0.04 +0.04 £0.03 £1.9 0
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5.01

2.09

-2.92

-58.3

'RE96L +0.20 +0.14 +0.11 +7.0 40 17

S o som  soo 239 . ;
Vpu i6(f(())5 166%(())5 io(.J(.)(())?: J_ro(.)(.)s 19 0
™2 om o 002 12 2 :
o o oo co0s 22 5 ’
B o sow co02 i20 5 2

Oligomer
s s o <009 Y, x :
HA o som 005 20 " 7
W s o iy 10 4 17
5 o som ~o01 209 “ 7
RS om  som iy 207 4 17
A -

2 2.4 -0. -24.7
M2 130.85 * 0.33 i?)%g +1.3 28 >
& oo som co01 s14 s 9
T om som  som 12 5 25
B e,
51 2. -0. -25.2
M2 130503 * 0?(?2 i((J)%gl + (?.6 28 >
e oo sow 001 220 s 9
Rotational diffusion (ideal structures)

Monomer spp Ipp A (spp - Ipp) A% aa length A-length
s co0s o0 <004 Ny 21 :
HA o som iy i1 " 7
1 ow  som oo 205 . v
RS oo soou 003 22 4 7
8 s o iy f10 4 17
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Vpu f(-;; 16(.;;6 J_ro(.J(.)f 7 iof4 19 0
M2 o0 som o0 ~08 2 :
ki oz o co10 5 ’
Ve Jow o 008 o10 0 ’
Ve o s 2004 236 ° "
Oligomer
s 13(.58 1 f{fg 1 io(.)(.)(()) 1 io(.)(.)?) 21 0
HA o0 som 004 216 " 7
W Sm om <001 <07 40 7
RSL o som 008 205 40 7
w 0 som -o02 Ny 40 7
Ve o o <008 Y 1 :
2 0 som ~o01 206 2 :
2.7 1. 0. =31.

E + O.(?l + 0?(())1 i?)%gl 130.5 32 ?
Veun o soo 003 i1 s ’

Calculations are done using the core TMD region of the TMDs (spp) and the whole number of
amino acids (Ipp). The entire length of amino acids used in the simulation is outlined (aa length) as
well as the difference of the number of amino acids for the two type of calculations (A-length). The
DC difference between spp and lpp is given in ‘A’. ‘A %’ shows the changing percentage referring to
the spp value as 100 %. The translational DCs are given in [x 107 cm?/s], the rotational DCs are in
[1/ps]. The standard deviation is only given when calculated to be > 0.01 units.
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Table S3. The p-values for the pairwise comparison of each of the DC calculated for the individual
TMD either in the oligomeric (oligo) or monomeric (mono) form, using spp or Ipp. The calculations
are based on the values of the DCs as shown in Suppl. Table 2. The p-values are marked as blue
boxes when < 0.05, yellow boxes when < 0.01 and red boxes when < 0.001. Grey boxes indicate that
the values are > 0.05. Duplicated values are omitted and represented as white boxes to avoid re-
dundant information.

Translational diffusion (Ipp, experimental structures)

SHA

Mono 1R696L gB S HA M2 'E 1Ess Vpu Mono
'gp4l 'gp4l
'R696L R696L
1gB lgB
S )
'HA HA
M2 M2
'E 'E
1Ess 'Ess
Vpu Vpu
Translational diffusion (Ipp, ideal structures)

Mono 1R696L 1gB 1S THA M2 E Vpu 1'Vpuz 'Vpu'ss Mono
'gp4l 'gp4l
'R696L 'R696L
lgB ]gB
S S
HA HA
M2 M2
1E 1E
Vpu Vpu
Vpu's Vpu's
Vpu'ss Vpu'ss
Translational diffusion (Ipp, experimental structures)

Oligo 3gp4l 3R696L 3gB 35 SHA ‘M2 M2 SE 3E Ess  Vpu 3Vpu Oligo
“gp4l “gp4l
SR696L SR696L
gB °gB
35 S
SHA SHA
‘M2 M2
M2 M2
5E 5E
3R 3R
SEs8 SEs8
Vpu 5Vpu
Vpu Vpu
Translational diffusion (Ipp, ideal structures)

Oligo 3R696L 3gB 35 SHA ‘M2 SE SVpu SVpu's2 Oligo
‘gp4l ‘gp4l
SR696L SR696L
BgB SgB
35 )

SHA
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M2 ‘M2
SE SE
Vpu Vpu
Vpu's Vpu's
Rotational diffusion (Ipp, experimental structures)

Mono lgp4l 1R696L 1gB 1S THA M2 1E 1Ess Vpu Mono
'gp4l 'gp4l
TR696L TR696L
1gB lgB
1S 1S
HA THA
M2 M2
g 'E
1Ess 1Ess
Vpu Vpu
Rotational diffusion (Ipp, ideal structures)

Mono 1gp4l  'R696L 2B 1S HA M2 'E WVpu 'Vpun Vpu's Mono
'gp4l 'gp4l
TR696L 'R696L
lgB 1gB
'S 1S
HA HA
M2 M2
'E 'E
Vpu Vpu
Vpu'a Vpu's
Vpu'ss Vpu's
Rotational diffusion (Ipp, experimental structures)

Oligo 3gp4l 3R696L 3gB 38 SHA ‘M2 3SM2 SE E SEss  SVpu 3Vpu Oligo
‘gp4l ‘gp4l
SR696L SR696L
3gB SgB
35 35
SHA SHA
“M2 M2
SM2 SM2
5E 5E
3E 3E
SEss 5Ess
Vpu SVpu
Vpu Vpu
Rotational diffusion (Ipp, ideal structures)

Oligo 3gp4l 3R696L 3gB 38 SHA M2 SE SVpu SVpu's Oligo
‘gp4l ‘gp4l
3R20L SR696L
SgB BgB
35 3S
SHA SHA
‘M2 ‘M2
5E 5E
SVpu 5Vpu
Vpu's Vpu'a
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Translational diffusion (spp, experimental structures)

Mono lgpdl 1R696L 1gB 1S THA M2 1E 1Ess 1Vpu Mono
'gp4l 'gp4l
TR696L TR696L
lgB lgB
1S 1S
HA HA
M2 M2
'E 'E
1Ess 1Ess
Vpu Vpu
Translational diffusion (spp, ideal structures)

Mono 1gp41l  'R696L 2B 1S HA M2 E Wpu 'Vpus 'Vpu'ss Mono

gp 8 p p P
'gp4l 'gp4l
R696L TR696L
lgB 1gB
'S 'S
HA THA
M2 M2
g 'E
Vpu Vpu
Vpu'a Vpu's
Vpu'ss Vpu'ss
Translational diffusion (spp, experimental structures)

Oligo 3gp4l 3R696L 3gB 38 ‘HA ‘M2 M2 SE SE SEss SVpu 3Vpu Oligo
‘gp4l ‘gp4l
3R696L 3R696L
gB °gB
3S 3S
SHA SHA
‘M2 ‘M2
SM2 SM2
SE SE
SE 3E
SEs8 SEs8
Vpu SVpu
Vpu Vpu
Translational diffusion (spp, ideal structures)

Oligo Sgpdl SR696L 3gB 35 SHA ‘M2 SE 5Vpu SVpu's2 Oligo
“gp4l “gp4l
3R696L SR696L
SgB SgB
35 35
SHA SHA
‘M2 ‘M2
SE SE
Vpu 5Vpu
Vpu's Vpu's
Rotational diffusion (spp, experimental structures)

Mono 1gp4l 1R696L 1gB 1S THA M2 1E 1Ess Vpu Mono
'gpal 'gp4l

'R696L

R696L
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lgB lgB
1S 1S

HA HA
M2 M2
'E 'E
1Ess 1Ess

Vpu Vpu

Rotational diffusion (spp, ideal structures)

Mono lgpdl  'R696L gB 1S HA M2 E Vpu 'Vpun !Vpu's Mono
'gp4l 'gpal
R696L 'R696L
lgB lgB
1S 1S
HA THA
M2 M2
g 'E
Vpu Vpu
Vpu'a Vpu's
Vpu'ss Vpu'ss
Rotational diffusion (spp, experimental structures)

Oligo Sgpd4l SR696L 3gB 3S SHA ‘M2 M2 SE SE 5Ess  SVpu 3Vpu Oligo
‘gp4l ‘gp4l
SR696L SR696L
SgB SgB
3S 3S
SHA SHA
‘M2 ‘M2
SM2 SM2
SE SE
3E SE
SEs8 SEs8
Vpu SVpu
Vpu Vpu
Rotational diffusion (spp, ideal structures)

Oligo Sgpdl SR696L 3gB 3S SHA ‘M2 SE SVpu SVpu's2 Oligo
“gp4l “gp4l

SR20L SR696L
3gB 3gB
3S 3S
SHA SHA
‘M2 ‘M2
SE SE
Vpu 5Vpu
SVpu's SVpu's
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Table S4. Radii of fitted curves to the standard deviation of the rotational dynamics for a selected
sequence of amino acids from experimental (exp) and ideal peptides (ideal).

Exp Mono Oligomer Difference (%)
peptides A B C D E Ave. Note Ave.
35 8.5 13.4 12.2 14.0 132 54.5+11
0.9
12.7
Sgp4l 7.6 9.5 13.5 14.9 198 65.8 + 37
11.2
SR696L 13.4 9.6 14.5 9.6 -159+21
£2.38
19.0
3gB 18.1 24.7 17.1 15.1 151 5.1+28
SHA 11.3 15.0 9.7 18.5 144 27.3+39
+4.4
M2 12.8 0/3 t
5E 154 25.6 19.9 2/5 i
- 134 0/5 t
e 18.2 12.9 8.8 2/5 1
5Vpu 11.8 0/5 0
M2 12.8 15.9 1/3 i
°E 154 15.8 28.2 2/3 t
Vpu 11.8 14.4 1/3 i
Ideal Mono Oligomer Difference (%)
peptides A B C D E Ave. Note Ave.
13.7
35 9.7 13.0 11.0 17.2 3 422 +33
+3.1
Sgpdl 10.1 12.5 19.7 9.9 14.0 38.5+50
gp . . . . 150 -
14.9
SR696L 14.4 15.7 94 19.7 3.5+36
+5.2
14.6
sgB 26.3 14.5 13.6 15.7 £ 10 -446+4
12.
SHA 11.7 14.1 14.3 7.4 20 2.7 +34
+3.9
M2 11.5 0/4 t
5E 10.1 12.8 15.7 2/5 i
Vpu 12.1 22.8 43.0 2/5 ?
SVpu'a 11.7 0/5 i
Ideal Mono Oligomer Difference (%)
peptides A B C D E Ave. Note Ave.
Vpu'ssam 18.2
16.0
Vpu's 11.7 18.6 28.4 2/3 1
23.4
Vpu's 11.7 19.9 30.1 26.6 16.9 6.0 4/4 99.8 +51
+6.
Vpu's 11.7 0/5
SVpu's2rse 11.7 0/5
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The sequence of the individual TMDs are marked as red boxes in Figure 5, and Supplementary
Figures S5A-F. Fittings are done on the monomers (mono) and oligomers. A-E indicate the indi-
vidual helices of the oligomers. The oligomer radii are averaged (ave.) and the difference (ave. -
mono) is expressed as a percentage with reference to the mono-values. For the yellow boxes, the
values are > 5 x 10* units (up to 9.4 x 10° units). The upward pointing arrow indicates values that are
>7 %105 % (up to 4.4 x 10° %). ‘Note’ indicates the number of TMDs out of the total number of TMDs
of the oligomer, which have small radii, e.g. 2 out of 5 (2/5). If the difference is larger than 0, the
curvature is lowered, if smaller than 0, the curvature is increased.
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A S 1204 1214 1224 1234 1244 1254 1264
\ | | | I | [
UniProt GKYEQY IKWPWYIWLGFIAGLIATIVMVTIMLCCMTSCCSCLKGCCSCGSCCKFDEDDSEPVLKGVKLHYT

FLE8 e L---L-88T
TLCS8 B T
TMPiréed —————— i R U S R S R U Ji S e S S S S S S S S
TMHMM-20 ————————— R R T R e A TR T A A TR T s o s i i e s s s
TOPCONS-single __________ E T e Sy T S e e S0 T o L S S v P S S T
Phobill§ ———— i SHRE g s S O Sl ok e S i S SR U S S
DAS —————____ hokkkkkkk ok khkkkkk ko k
gB 748 758 768 778 788 798 808
\ | I | I | [

UniProt AVGKVVMGIVGGVVSAVSGVSSFMSNPFGALAVGLLVLAGLAAAFFAFRYVMRLOSNPMKALYPLTTKEL

5V2S —---—- HHHHHHHHHHHHHHHHH Ak ok ok Sk ok ok ok ok ko ks ok ok ks %k ok ok H—-HHHHHHHHHHHH- -

TMPred - - - - - ————— e hkkkkhkhhkkkdhhhhhkhkhkhkhk kAR o e e
TMHMM-=2.0 ———— %k sk sk koskkskkokkkdkkk ko kdkkkkkhokhkkhkkkkdk ke
TOPCONS-single ,,,,,,,,,,,,,,,,,,,,,,,,,,, hkkhkhkhkhkhkhkhkdddF Ao
Phobius ————* %%k kkhkkkkkkkkkxhkkk e T o M e g R L e T S e
DAS e CERE LR B R i S S BB e o B e skt ak ek de et de el s e e d e

644 654 664 674 684 694 704

gp41 651 661 671 681 691 701 ZLL

\ | | | | | |
UniProt IQQEKNEKDLLELDKWASLWNWEDITNWLWYIRIFITIVGSLIGLRIVFAVLSLVNRVROQGYSPLSFQTL

5JYN e HHHH* k& ok kokk ok ok ok ok ok ok ok ok ok ok kX HHHHHHE - ————
TMPred ______________________________ dkodkdkkkkkdkkhkhkhkhkkhkhkhhk kbbb bobobod
TMHMM_z'O ______________________________ she ok ok ook ok o ok e ke ke ik e o ke e e ke A R R R e e
TOPCONS'S]ngle _________________________________ hhkhkhkhhhdhh bbbkl kA Ak e
PhOblUS ___________________________ KEKKAAAAA KA A AR AR AR R AR NI A A A A AN e
DR e e T e N S R e

507 517 527 537 547 557 566

HA 163 173 183 193 203 213 222

| | | \ I | |
UniProt P26562 SEESKLNREEIDGVKLESMGVYQILAIYSTVASSLVLLVSWGAISFWMCSNGSLQCRICI

GHJQ == === mm oo o oo o L
6HJQ HHHHHHHHHHHH-HHHHHH— — — % % % % % s % s ok s o o o o ok ok ok ok —

TMPred 7777777777777777777777777777 ek ke ke ok ke ok ke ool o b ok ke le e ool s s s s s s e B G e

TMHMM-20 —~——————————————————— Kok kkkkk ko k ok kkkk ko k vk

TOPCONS-single _______________________ iokoke ek ok okl ke ok s s s

Phobius ~-——————————-———————- Kokdkkkdedk ko kkkkkhk ok h sk hkk ok hkk ke D

DAS ______________________ shickokidkkikok iR ikoRR R AR KRRk kR DS DL L
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B E 1 11 21 31 41 51 61
_ | | | | [ | |
UniProt MYSFVSEETGTLIVNSVLLFLAFVVFLLVTLAILTALRLCAYCCNIVNVSLVKPTVYVYSRVKNLNSSEG

SR 2 mrrmemmermome e A=A === e e
5X29 ————HHHHHH* % % % %% % ko ko k& k& %+ x - HHHHHHHHH - - - - HHHHHHHHHHHHHH
TMPred ooy ok ke dekok e dok ek ke ke kK
TMHEMME2.0 v e e e He: e e e Je- e Je- e Je-Fe e Fe e e P e e e
TOPCONS=single —=——cevcanonee ek ek ek Kk ke K e K K K K KK K e e
Phobilll —cccammmans R L R R R R R R R R R L T,
DPDAS ceccveceonaa KA K d I I I K A AT IR A A F K KRR KKK o o o e
Vpu 1 11 21 31 41 51 61
| | | |
UniProt MQPIPIVAIVALVVAIIIAIVVWSIVIIEYRKILRQRKIDRLIDRLIERAEDSGNESEGEISALVEMGVE
1P17 HHHHHHHHHHHHHHHHHHH
TMPred ----- s e e R AR A TR 5 e s s o e e
TMI1MM_2.0 i A R R I A R e e e e e B B o B e e R o s i s s e e e e s s v i et s e S S ot s
TOPCONS-single ——---- e e R e B e e e e e BN e e s s s e o o
PhObillS _____ R R e A A I e e e e e e e B ol o e R T s e e e s e i s e e s s s s s, o e
DAS =ocakrkikdkdkddodokhhiioai ook ddok o s oo o e e
M2 12 22 32 42 52 62 72

\ | \ | | \ |
UniProt RNEWGCRCNDSSDPLVVAASIIGILHLILWILDRLFFKCIYRFFEHGLKRGPSTEGVPESMREEYRKEQQ

210J ~HHH ko kkk x * HHHHAHHHHHHEHHHH-
TMPred - - ———————————— ST T 0 T e T T T R e e ot o 2 N R S
TMHMM-20 ————————— = —— T G T S S T A g e G e g s S e S O S
TOPCONS-singlc ___________ S S S T I T 10 00 6 S DR K T e o s s s s s o et s e e o e
Phobius -~ ——————====——- ;o e S S T B MRS T R R S B A S S S S S S S A
BPIAR reersrmpero e I K R R AR A R R 20 TR e e e e e e e e e e o e e e e e e e

Figure S1. Prediction of helical motifs in the transmembrane domains of (A) the fusion peptides (S,
gB, HA, gp41) and (B) ion channel peptides (E, Vpu, M2). The sequences are taken from UniProt.
Altered sequences used in the experiments are outlined and marked by the PDB ID code (also for
Ess, which is from 5X29). Residues proposed by the secondary structure prediction programs
TMPred, TMHMM-2.0, TOPCONS-single, Phobius and DAS are shown by stars. Stars labeled after
the PDB ID indicate the transmembrane domain, which is identified experimentally. H indicates a
helical motif experimentally identified outside the membrane. Underlined residues are used in the
MD simulations. The red line marks those residues, which are used for the calculation of the diffu-
sion coefficients according to spp.
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1.0

—IS

— ]HA
— 'gp4l ——'R696L
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Figure S2. Root mean square deviation (RMSD) calculated for each of the peptides used in a 500 ns
MD simulation. Superscripts in front of the letters mark the oligomeric state. Subscripts mark the
specific length of the peptides. For Vpu's: r marks the rank (r) of the structures when using PICA to
generate the pentameric bundle, e.g. 126. For Vpu's, the tryptophan residues are pointing inside
the pore, and ‘r26” marks the pentameric bundle with the tryptophan residues are pointing outside
the bundle leaving the S24 inside the putative pore, as well as in the trimeric and tetrameric bun-
dles. 'Ideal’ indicates that the peptides without stars are ideal structures derived from the respec-
tive experimental structures.
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Figure S3. (A) Ideal structural models of the peptides in the monomeric and oligomeric state at the
end of the 500 ns MD simulation of S ('S, 35), HA ("HA, HA), gB ('gB, 3gB), and gp41 ('gp41, 3gp41).
The boundaries of the lipid membrane are marked by grey spheres representing the phosphorous
atoms of the headgroups. The remaining lipid atoms as well as the water molecules are omitted for
clarity. (B) The corresponding percentage of time of each residue being in a helical conformation is
shown in the plots for both monomer (left column) and oligomer with standard deviation in grey
when averaging over the values for each individual TMD (right column). Red dash lines indicate
the approximate boundaries of the lipid membrane. (C) Ideal structural models of the peptides in
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the monomeric and oligomeric state at the end of the 500 ns MD simulation of M2 (M2, ‘M2), E
peptide ('E, °E) and Vpu peptide ('Vpu, 5Vpu, 'Vpu's, Vpu'n); (D) as in (B). (E, F) I: Experimental
structural data and helicity data (blue lines) for ®R696L and ideal *R696L (red lines in the helicity
plots). II: Experimental structural models of the peptides in the monomeric and oligomeric state at
the end of the 500 ns MD simulation of >Ess-a and *Ess-b. The helicity plot shows the average values
between SEss-a and SEss. III: Artificial trimeric structural models and helicity data for °E and 3M2;
the arrangement and color coding of (F) are as described in (B). (G) Ideal structural models of the
peptides in the monomeric and oligomeric state at the end of the 500 ns MD simulation of Vpu
peptides: 'Vpu'ss, 3Vpu*s, ‘Vpu's, *Vpu's2 and 5Vpu's2e. (H) The corresponding percentage of time
of each residue being in a helical conformation with standard deviation when averaging over the
values for each individual TMD in the oligomer. Red dash lines indicate the lipid membrane
boundary. ‘r26” marks the rank (r) of the structures when using PICA to generate the pentameric
bundle. For 5Vpu's: the tryptophan residues are pointing inside the pore, and ‘r26” marks the pen-
tameric bundle with the tryptophan residues are pointing outside the bundle leaving the 524 inside
the putative pore, as well as in the trimeric and tetrameric bundles.
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Figure S4. (A) Translational (upper panel) and rotational diffusion (lower panel) of fusion (left
column) and channel peptides (right column) from MD simulations of the experimental structures
using spp. The blue and green bars represent the data for monomers, while the yellow and grey
bars represent the data of the oligomers (3 TMDs for each fusion protein; 4 TMDs for M2, and 5
TMDs for E and Vpu proteins). The star in 'Vpu'ss indicates that this structure is derived from an
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ideal helix. The subscripts for Vpu and E protein mark the number of amino acids used in the
simulation. (B) Diffusion data for spp from specific oligomeric structures generated by PICA. The
color scheme is the same as above. Left column shows the diffusion coefficients of the experimen-
tally derived ion channels in monomeric and tetra/pentameric state together with PICA generated
trimeric conformations by using experimental monomers as building blocks. Right column shows
the PICA generated oligomeric bundles by using 'Vpu's. The superscripts mark the oligomeric
state, which was used in the simulations. ‘r26’” marks the rank (r) of the structures when PICA is
used to generate the oligomeric state. For Vpus, the tryptophan residues are pointing inside the
pore, while for 5Vpu'sn-26 the tryptophan residues are pointing outside the bundle, leaving the S24
pointing inside the putative pore, as well as in the trimeric and tetrameric bundles. (C) Transla-
tional (upper panel) and rotational diffusion coefficients (DCs) (lower panel) of fusion (left column)
and channel peptides (right column) from MD simulations of the ideal structures. The data are
calculated using Ipp. The blue and green bars represent the data for the monomers, while the yel-
low and grey bars represent the data of the oligomers. The subscripts for Vpu and E protein mark
the number of amino acids used in the simulation. (D) DCs for structures using spp. The same color
scheme as above is applied. The superscripts mark the oligomeric state, which was used in the
simulations.
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Figure S5. (A) Degree of rotation of the Ca atoms per time step (ns) during the MD simulation for
each of the residues of the (A) experimental and (B) ideal fusion peptides HA, gp41, R696L, and gB
as monomers, and also for each TMD in the bundle simulation. (C) Degree of rotation of the Ca
atoms per time step (ns) during the MD simulation for each of the residues of the ideal fusion pep-
tide S, as monomer and also for each TMD in the bundle simulation. (D) Degree of rotation of the
Cao atoms per time step (ns) during the MD simulation for each of the residues of the experimental
channel proteins 'M2, 3M2 (artificial conformation), ‘M2, and the ideal channel proteins 'M2 and
“M2. (E) Degree of rotation of the Ca atoms per time step (ns) during the MD simulation for each of
the residues of the experimental E proteins as extended peptides 'Ess-a, 'Ess, *Ess-a and °Ess, as well
as the artificial conformation E, which is generated by using experimental monomers as building
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blocks, and ideal peptides 'E, and °E. For the experimental 'E, see Figure 5. (F1) Degree of rotation of
the Coa atoms per time step (ns) during the MD simulation for each of the residues of the experi-
mental channel protein 'Vpu (left column) and respective ideal protein (right column), as well as
(F2) the ideal channel proteins 'Vpu's, 3Vpu's, *Vpu's, SVpu's, *Vpu's2ws, and 'Vpuss-ap. ‘126" marks
the pentameric bundle in which the tryptophan residues are pointing outside the bundle leaving
the 524 pointing inside the putative pore. The standard deviation is shown as grey line. The red
boxes mark the amino acids used for calculating the curvature from the respective values of the
standard deviations.



