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Supplementary Figure 1: Asgard ESCRT-llIs can be classified into early and late type by phylogenetic clustering with

eukaryotic homologs. The early type, ESCRT-IIIA, possesses a highly charged and potentially unstructured N-terminus.

In the late type, ESCRT-1IIB, the N-terminus potentially forms an amphipathic helix. Interaction with the AAA+ ATPase

Vps4 is likely mediated by the C-terminus. For ESCRT-IIIA, AlphaFold3 predicts interaction based on the MIM2 maotif,

whilst for ESCRT-IIIB it predicts interaction based on the MIM1 helix. Secondary structure prediction identified

Lokiarchaeal ESCRT-llIs as typical representatives of Asgard ESCRT-IlIs.



onogan- - - — IS S S —— e —— — —
oz S - S W —— —
onuoe - e — - - - S o . ————————  — S—
wossseri— s M —— < S S - — I — —— - — -
o —e — A S R — — ) B ————
TRFBIS65.1 - —-+—— IS T T — — 4 - — —e_.—
wonsosa- —ak — - S — i
s —eee— - I S — . — — — -
ADAZSEAK]S — —il — - - . >
TFG19161.1 - —-— A e S —— s ———— —— — o] -
O e = o —_— - o
TXT57390.1 - — — - I —— =5— —
MVMS4144.1 - —— A S e —— 1 — —— —
sonicseaus e - I S - e
Troiessa - —— - - = —— I - — I
wozsny.  ———-— - B - G —— — o S
sonsasvess - o —— - - ———l|
AOADFBWSS3 - ——=—— [ - - —— - - I
o 3 T e &
wagecss - e ) - e s <] I ———
soszsvnwz - e _—_—— —_—— -
o - —— e e e e ———
oseren- - —e— S S - — e =— —— -
oagazes: — e —— A S I . ———— e
oz - —— e e ———
Trosmsa- —— e e e e
s - —— = mEeen a0 i
U T e
pasee—  — — - - S - S — — - -
e S s e e
wossizsest— -4 N —— - S B — o B — — — —— -
Tl ——ee— S - - S — B — — —
womer - —m-—r - S B — G — - ——~
e - — - ———
T - e S S S - ——  ———
ALIGH639.1 - - —-+-—u I - - —— s — +~— ———— -
o —ee-— - B S —- e —— < I

20601 -

A - S - S o M- o -

NVMS4146.1 -
ADALQINZTA -
TET60761.1 -
RLISE828.1 -
ADALQIMZES -
UGaz139.1 -
ABAIOBNZUZ -
UG4970.1 -
MCDE164784.1 -

ADADFVCMT -
TFG2A7311 -

TXTS7725.1 -
TFG16344.1 -
AOASBADFPE -

RLISO25T.1 -
RDEL3502.1-
NVM27670.1 -
TFGL4996.1 -
ADALISVRAG -
TFFE6539.1 -

MCD64G4564.1 -
NVMO3BILL -
AOALQIPCTS -
AOASIZIVSE -

RUIT2689.1 -
TET74760.1 -
TFG18316.1 -

RLIS2140.1 -

RLIGSL1S.L -

RLIGZ93Z1 -
ADAZU3CIOL -

AOASBIDGKA -

RUS31EAL -

MCDES13982.1 -
ADALQIPEES -
NVMO3E10.1 -
AOAZSEXLOT -

AOAS3ZTGMO -
TFFA95631 -
TFG99449,1 -

ADATISVWCS -

AOALISVYED -

Supplementary Figure 2: (a) Secondary Structures of ESCRT-IIIA proteins from Asgard archaea. Gaps introduced
based on MSA. The sequence investigated in this study is highlighted. (b) Secondary Structures of ESCRT-IIIB proteins

from Asgard archaea. Gaps introduced based on MSA. The sequence investigated in this study is highlighted.
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N-terminal region of Loki ESCRT-IIIB with PMlpred.

Predicted AAF: -5.495 kJ/mol
Predicted AAF_L24: -14.636 kJ/mol

Neutral membrane
Calculated from AAF_L24:
Predicted AF_sm(R=50): -47.369 kJ/mol

Sequence length: 11
Sequence charge: 5
Hydrophobicity: 0.197
Hydrophobic moment: 0.153

Predicted AAF: -5.495 klJ/mol

Predicted AAF_L24: -14.636 kJ/mol
Predicted AAF_adj: -19.286 kJ/mol
Negatively charged membrane
Calculated from AAF_adj:

Predicted AF_sm(R=50): -66.317 kJ/mol

Sequence length: 11
Sequence charge: 5
Hydrophobicity: 0.197
Hydrophobic moment: 0.153

Predicted AAF: -8.085 kl/mol
Predicted AAF_L24:-17.145 kl/mol

Neutral membrane

Calculated from AAF_L24:

Predicted AF_sm(R=50): -57.592 kJ/mol
Sequence length: 13

Sequence charge: 1

Hydrophobicity: 0.588

Hydrophobic moment: 0.612

Predicted AAF: -8.085 kJ/mol

Predicted AAF_L24: -17.145 kl/mol
Predicted AAF_adj: -18.075 klJ/mol
Negatively charged membrane
Calculated from AAF_adj:

Predicted AF_sm(R=50): -61.382 kJ/mol
Sequence length: 13

Sequence charge: 1

Hydrophobicity: 0.588

Hydrophobic moment: 0.612

Supplementary Figure 3: (a) Analysis of the N-terminal region of Loki ESCRT-IIIA with PMIpred. (b) Analysis of the
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Supplementary Figure 4: (a) AlphaFold3 prediction of the C-terminal region of Loki ESCRT-IIIA with the MIT domain
of Vps4. The high-confidence region is displayed in Suppl. Fig. 1. (b) AlphaFold3 prediction of the C-terminal region of
Loki ESCRT-I1IB with the MIT domain of Vps4. The high-confidence region is displayed in Suppl. Fig. 1.

Expected Weights (KDa):
A 24.959
iiiB 23.523
Vps4 45.061

Supplementary Figure 5: SDS-PAGE of all three proteins after purification and size-exclusion chromatography.

Samples were also analysed by mass spectrometry (Supplementary data S1).
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Supplementary Figure 6: (a) Dynamic-Light Scattering curves of pure protein particle-size distribution in solution (1

LM) with their averages, standard deviations and number of experiments. (b) ATPase activity measurements of Vps4

(250 nM) at different temperatures and pH values (n> 3; see methods). (c) Nano-Differential Scanning Fluorimetry

(NanoDSF) curves and measurements for individual protein unfolding (n=3). (d) Fluorescent image analysis example

of ESCRT-IIIA (cyan) directional growth study (100% of n= 92 grew clockwise). (e) AFM image analysis and binary

processing, along with color matching intensity profile lines used for ESCRT-IIIA filament width measurements shown

in (f). (f) Width profiles of various intensity profiles drawn in (e).
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Supplementary Figure 7: (a) Confocal fluorescence images of ESCRT-IIIA-Alexa488 (3 1M; cyan) added to SLBs
composed of DOPC:DOPS:DOPE-ATTO655 (99.95:0:0.05 mol%; Left, magenta) or DOPC:DOPS:DOPE-ATTO655
(59.95:40:0.05 mol%; Right). (b) Same as (a) with ESCRT-11IB-565 (2 uM; yellow). (c) Confocal fluorescence images of
ESCRT-IIIA-Alexa488 (1 uM) added to SLBs composed of DOPC:DOPS:DOPE-ATTO655 (59.95:40:0.05 mol%). (d)
Confocal images from of ESCRT-111A-Alexa488 (3 uM) filaments on SLBs before (Left) and after (right) addition of Vps4
(3 uM).
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Supplementary Figure 8: (a) Fluorescence confocal images showing ESCRT-1IIB-Alexa565 channel (yellow) with the
addition of 0.5 or 2 uM. (b) Fluorescence confocal images showing ESCRT-IIIB-Alexa565 channel (2 uM; top) and
ESCRT-IIIA-Alexa488 channel (3 uM; bottom; cyan). Left panels show ESCRT-IIIB rinsed out before (0 seconds) and
right panels after (300 seconds) addition of ESCRT-IIIA. (c) Cryo-EM micrographs of ESCRT-IIIB (20 uM) incubated 30

minutes on lipid monolayers or Large Unilamellar Vesicles (LUV).
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Supplementary Figure 9: Screenshot of ESCRT-IIIB + Vps4 interstrand analysis on a 2D class averaged image. On the
right, pixel values from the red line found in the 2D class. Below, a Fourier peak corresponding to the interstrand

distance is highlighted.



