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Table S1 Protonation states of titratable amino acids in VSV-G at pH7 and pHS, as

determined from a Monte-Carlo pH titration.

protonation state at pH7 protonation state at pHS
lysine 47 {-deprotonated {-protonated
histidine 132 g-protonated 0- and e-protonated
histidine 162 g-protonated d-protonated
glutamate 286 y-carboxy-deprotonated (subunit C)  y-carboxy-protonated
histidine 389 g-protonated 0- and e-protonated
histidine 397 g-protonated 0- and g-protonated

histidine 407 g-protonated 0- and e-protonated
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Figure S1: (A) Titration curves for differentially protonated residues in VSV-G simulations. For
histidine residues, the probabilities for double protonation (black dotted curve), d-protonation (black
curve), and e-protonation (grey curve) are shown, for E286 and K47 the probability of side chain
protonation is given. The protonation probabilities are calculated for the prefusion conformation
(PDB: 2J6J). The simulation systems were protonated according to the titration results. The side
chains of E286 of the three protomers point to each other with a CD-CD distance of 4.96 A. As the
protonation probability at pH 7 is 0.7 in all three chains, E286 was protonated in chains A and B, but
deprotonated in chain C at this pH value. At pH 5, all three E286 side chains were protonated.
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(B) Titration curves for all histidines, which do not change their protonation

state between pH5 and pH7, and for GIu276. For all residues not listed in (A) or (B), standard

Figure S1 (continued)
protonation states were adopted in both simulations.



Figure S2  Overlay of VSV-G trimers and monomers at pH7 (A, C. D, and E) and pHS5 (B,
F, G, and H) after 10, 20, 30, 40 and 50 ns of simulation with their respective minimized
starting structure (grey) minimization (only domains I and IV are colored). Coloring of pH7
structures: 10 ns (light green), 20 ns (green), 30 ns (cyan), 40 ns (light blue), 50 ns (blue).
Coloring of pHS5 structures: 10 ns (yellow), 20 ns (orange), 30 ns (red), 40 ns (magenta), 50 ns

(purple).
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Figure S3  Secondary structure analysis of the central helix bundle over 50 ns of

simulation. A) System VSV-G7, B) system VSV-G5. Secondary structure elements are colour
coded: a-helix (red), antiparallel B-sheet (blue), 3,0-helix (orange), turn/disordered (white).
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Figure S4  Fluctuations detected in the coarse-grained RedMD simulation. A) RMSD
deviation for the Co-atoms from the starting structure detected for the full-length VSV trimer
(black) and after omission of domain IV (red). B) T265-R292 distance used to monitor a
putative helix elongation in domain II. The distance remains close to the value detected in the

prefusion structure indicating that no major changes in secondary structure occur.
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Structure of VSV-G indicating the six principal modes with the highest

Figure S5

simulation. For

eigenvalues (vector presentation) deduced from the coarse-grained RedMD

clarity each mode is shown as separate panel, and arrows are only drawn in one direction. The

arrow lengths and the color of the residues of subunit A show the mobility along the displayed

mode (red: high mobility, blue: low mobility).



1 10 ¥V 204 30 a0
VSV-IND = . . ittt ittt it e i e e e e KF

TRVEEHNO Kle NJRINgP SN YH Y[ S S SIDLNWHNDL|I G TA I Q VKIMEK
VSV-NJ M..... LSYLIFALAVSPILG. .KIEMVigZ0HT T|GDKRMPHEYNY[®BIT SADKNSHGT|QTGIPVEL|[TMIZK
CHANDIPURA MTSSVTISVVLLISFITPLYS..YL/SHAjENTKLDYKPYTKNTRY[IMGGEWFLEPGLQEESFLS|S|TIHT
COCAL ...... MNFLLLTFIVLPLCSHAKF|SHViZ0 S|0KCNYKINMPSSYHY[ShS S SIDONWHND|L|LG I TMK VKMjZK
ISFAHAN MTSVLFMVGVLLGAFGS. ..THCSIOMMVas ETKLVIYKPMLKGTRY[Sh0SAELNLEPD|LKTMAFDS[KVIZT
PIRY MDLFPI...LVVVLMTDTVLG. .KFQmMVigigDONELERRPMVGDSRH[EE0 S SIEMQFDGS|RISQT I LTGKIAFV

59 69 7? 89 99 109 119
VSV-IND sH[KA 1[0 2 DEWMEEIA S KV EEER RN R A 2 2 %Y OB IR s FITE S|V EQEK[E S T E QTKIQETW L N PR O S[oIeRy A
VSV-NJ GLT|THQV EfFMeli S A LT ikidel)bATaded 3 S a1 11N EEFTID Y OfLIE A T K S|Y[K[D[E]V|S F N PleiaiF 0 S[eXeRqC
CHANDIPURA GA|T|P S|K S D[EJF|L (el A A K1YV puielsyzb- A R deh I &M [ T|H N I|KfZ TR S DMID|T A L A S|Y[K|S[ET|L V S LR = S[efehd A
COCAL TH[K|A I|QA DiejwiMeliA A K|J T iskigtelio)zb-ATa'ded I @' 11f] 1(H S T|0)F TS EQ[K|E S T K QT[K|Q[e]T[W M S Plehzig O NiekeRq A
ISFAHAN GI|T|P SN S DY|LehE A A K YV idkillely B TS I S 11 F] V[t S LRIFT|V S D[R |a A v EA[YNACTIL MY PliFIE S[okelq~
PIRY G I|T|P S|k S DleJF|1 [ A A KTV psiehoy BT ded - @ uauy 1] T/ H L RIFT|T S DIYEIT A L O RIY[KD[ElS|L I N L{ehFIE SlefedqA
12(? 13(_) ‘ 149 159 16(? ‘ 17(? 18(_)
VSV-IND TVE A EA VT VIoVERRH LB EF T E VD) s o I NG KEs N Y I8 PEVER S TIT{H S . DY K VK GL[ED[SIN[L T|sMD T
VSV-NJ TVEENA E|A H|T VIT|VERRHS WK NAN Epq Tl ENY TP HiYl T GG R[MK G Q T[ERY VRN S TIK\YF TS SD . GESV[s|oL|F TiL{vic G
CHANDIPURA S VElNS E[F LV I|M|T kbR H\AC @ Dy R [e]H\T Vi P Ligv GG E[D 0 S Yo DRy 1 i8NS S[VI3T PADQTKKN|I[®G|0|S|F T|P|L{T vV
COCAL T VRS S VIA V|V VIQ|A RERE HAY T\ Epq Tle] EAY T3S QP NIG K[ME T E Efe Ry VRN S T[VIYY S . DY KV T G|L{&D|A|T|L VID|T|E T
ISFAHAN v ENE P A G DR R [l H\T Vs P LiglP T[S B[N S N Fle Epd VS A TIMIY I PK DL K T H D[ S|Q|D|F QIT|I[R vV
PIRY VRSN H\Y G AN DR [l H|T T i) P LiglP Gl Efes TN Fle DRy vVESSI S SIVIIT PK SQ . KT D|Z[8A|Q|S|F KIN[I]K M
19(? 209 21(? 229 23(_) 249
VSV-IND TIFFSEDGEL[SSILGKEGTGFRENVIFAYETGGKAMKMOVEKHWEVR LIP[SIGVEJF EMAD . . . .KDL. .. .FARA
VSV-NJ IFFSDSEEITSMGLPETGIREN[YFPYISTEGT[8KMP|F[RKQe]Y|K LIKNDLYFQIMD. . ..PDLDKTVRD[L|P
CHANDIPURA [T|[VAYDKTKE|TAAG. .GIVFKEKVHSHMEGAR|T[MRLS[V[MGRN[EIKFIPNGEYVSLDVKTRIQEK. . . . HL|L[P
COCAL TIFFSEDGKK[ES|IGKPNTGYRENV|[FAYEKGDKV[®K MN|[Y[K HA[EVR L|P|S|GVIYFEFVD. .. .QDV....YARAA
ISFAHAN SVMYPQTKP[TKGADLT . . LKEK|/F[HAHMKGDRV[K MK|F[&N K N[e|LR LIGN|GEIEVGD. . . . EVMLDNSKL[L|S
PIRY TIASYPSEGALV|SDRFA . . FHEAYHPNMPGSTV[EI MDF[E QK[ELR FITNGERMGLNVEQSIREK . . . . KI|SA
259 26(.) 279 28(_) 29(? 30(_) 31(?
VSV-IND RFIPEEPEGS ST SAPSQTSVDVSLI|QDVER R S HEe = SEHTIRAGLHET s|PVEIERE8 2 PK NBETEPAF T T
VSV-NJ H|I|KD[DIL SSSIITPGEHATD|ISLI|SDVERTiMslgdAMele\NbdN )N T|E|S|GIElF T T|P|V iR eAC|PK NiXevielp[v F T I
CHANDIPURA L|FKE[PAGTEVRS|ITLIQSDGAIQVLT|SE|T QI T ifislq S iledeln il DIAV|E[R K|EL S|P|L pilR e A S|k SiXelKle]r|A v TV
COCAL KLPE[MPVGATISAPTIQTSVDVSLI|LDVER T ifishys ifelel = bl SN TR|S|K|OjFV S|PV s R @A A PlK NiXel Tlelp|a F T T
ISFAHAN LF|P DLV G SVVK S|TL|L{S EGV|Q T A L{W E[T DL j#isk4 S lele| Nbd i EIA T DRK|EII L S|A VYRR~ PR SiXelkfe&ma v T v
PIRY IFPN[VAGTE I RATLE/SEGARTL TWET QjsiMifsyy S h¥ee Nt DES VIS RIK [E)R L S| P|L sy eR'gd S| PR AbXelK[elMa v TV
329 33(? 349 35(? 36(? 379 38(?
VSV-IND IMETHKYFE D[T|a A P[T L|sRMVEMT]s ¢ T[T|ITER . ELEDDEA PVEDVE I[eEREg v LIRES S VL YM T
VSV-NJ INESHYF T E[LIES P|V I|PRIME[EK[VA G TRII[VR . QILIYDOWF P|F|G EVIE I[ehpile]V LIKRYK O G|v BT, H|T T
CHANDIPURA I)MelTSFAH W|T|DG PV LK|E|P[K[EK[RIE S P|S|G|T|S S DT TR F K[v|G DME T [eh3Me T LKA G Gy iz wHIL T
COCAL INETHKYFE D|I|/DN P|T I|SKM[V[E|K|T|S G S[OIT[ER . ELIYTEWRF P|Y|E G V[E I[ch3ie] T LIKRYP T G|v i1, F[M T
ISFAHAN ARfelsiMs AP W|I|D S P|T LK|E|I[K[EK[K|E S A|S|G|T|D T VILIYEIQRL P[FINGME L{ehINMe L. T KK S G[YidayL YL L
PIRY I TH S AH WIIDYGEMKETIKECGRIGE Y|SKAIPELLISIOWF DF|G PFIK I[eh3Ner LHRG K TF iyl Y|L I
390 ‘409 ¢419 420 430 440 450
VSV-IND GREIGIEDER)E oVvFEERHToDEASIOL]. . . PDDESLF FlEbEE LRGSRV B a3 S|ISEKSSTIASFFF
VSV-NJ elTle]E VNS DT KHWEESFH T|E AMNO|ITF|LKK DD TGV L v v[ehokiule] v A3 v i3 Efedial SIGIYR S SLIMG VLA
CHANDIPURA [e/M[ET[VBINETL N PLDESFOLPHEQ|S|I[2l. . . DDSIYE I F rlchskulel v S8z v ipd v T T|S|YK E SLAAGVV
COCAL elafelM/Lis DL EVFEESFH LA BINPKQ|L|. . . PEERT L F F(chokiule] T 358V jbd T £l S|SIKSTV[VTFFF
ISFAHAN elvle] TviNO DL N PVDESFHVIP IEQAF[V|. . . SEGIE VF F[chokulel V8382 T3 T S[edlf€ SDIKETAAALGF
PIRY elalelT|IEDL AP IDE§JOMPDENKISIVIL]. . . PEDE I F Flehokile]vERSSE: T i=pA 1 Ofelid SINIR ESVMA I VG
46(? 47(? 489 499

VSV-IND TIGLI[TGLFLVLRVGIHLCIKLKHTKKRQIYTDIEMNR . . . .[0JGK . . . . oo oot .
VSV-NJ VIIGFV|IILMFLIKLIGV|LSSLFRPKRRPIYKSDVEMAH. . . .JF[R. oo v v
CHANDIPURA |L I|LVV[VL|I[YGVLRICFPV[L|CT. . T|CRKPKWKKGV[ER|SDS. .. .[FJEMRIFKPNNMRARV
COCAL AIGVF|I|LILYV[VARIVIAVRYRYQGSNNKRIYNDIEMSR. . . .FRK. . oo v oo,
ISFAHAN AAISV/I|LII|IGLMRLLPLLICR. .RRKQKKVIYKDVELNS. .. .F[DPRQAFHR. ... ..
PIRY IVILLIVVIJFLAIKTVRVLNCLWR/PRKKRIVRQEVDVESRLNHFEMRGFPEYVKR. . .

Figure S6  Sequence alignment of VSV Indiana strain (VSV-IND, as crystallized in PDB:
2J6]) and closely related members of the rhabdovirus family: VSV New Jersey strain (VSV-
NJ), Chandipura virus (CHANDIPURA), cocal virus (COCAL), Isfahan virus (ISFAHAN)
and piry virus (PIRY). Structurally important conserved residues referred to in the text are

marked by red arrows.
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Figure S7: Sampling of domain IV in a pHS5 control simulation at 298K. A) Plot of the
dihedral angle between Ca-atoms of C219, C224, C158, and Y73 over simulation time for
each subunit: Subunit A (upper panel), subunit B (middle panel) and subunit C (lower panel).
The angle of 156° present in the crystal starting structure is indicated by a dotted line
B) Histogram presentation of the dihedral angles sampled over the simulation time. Subunit A

(upper panel), subunit B (middle panel) and subunit C (lower panel).
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Figure S8: Titration curves for His132 (A) and His407 (B) in the VSV-G pH5 simulation at 310K.

The probabilities for double protonation in the starting structure are shown as green dotted line (The
starting crystal structure 2J6J is a symmetric homotrimer. Therefore, the same titration behaviour is
present in all subunits.). The titration curves for the three subunits after 50 ns of MD simulation are
shown in red, blue, and black.
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