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Figure S1. The ESCRT machinery in cytokinetic abscission. Schematic of the recruitment
pathways of ESCRT-factors to the midbody, derived from prior biochemical, cellular, and
functional results (6, 7). ALIX and TSG101 are recruited to the midbody by CEP55. However,

abscission can also proceed via CEP55-independent pathways (78, 79); not shown.
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Figure S2. Recombinant ALIX is monomeric in solution. Absorbance sedimentation c(s) profile
of ALIX?Y;?S* with a single species at 5.92 S and ~88 kDa (calculated monomer mass: 96.891 kDa;
cf. Fig. S6B), establishing the presence of a monodispersed monomer. The protein concentration
was ~40 uM. AUC measurements were carried out at 30 °C in 20 mM sodium phosphate, pH 6.5,
1 mM TCEP, and 2 mM EDTA.
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Figure S3. Phase separation of PRDjy s in the absence of PEG-4000. Representative

microscopy images of Alexa-Fluor488-labeled PRDS&?S()S droplets; DIC = differential
interference contrast. The concentrations of PRDgggf%g and Streptavidin Alexa-Fluor488 were 50

uM and 0.2 mg/mL, respectively.
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Figure S4. Phase separation of ALIX constructs in the absence of strep tags. (A) List of ALIX
constructs used to rule out the contribution of the strep tag in its phase separation, namely ALIX;-
g68*, PRD703-868*, and PRDgoo-gss (constructs 1, 2, and 3, respectively). Remnant non-native
residues of the TEV protease cleavage sites are labeled in purple. The location of PS01G mutation
is marked with pink vertical line. (B) DIC images of droplets made by each ALIX constructs. (C)
Box plot of the size distribution of condensates made by each construct, n> 950. Median diameters
of the condensates were as follows: ~4 um (ALIXi_ges*), ~2 pum (PRD703-868*), and 0.5 pm
(PRDgoo-g68). All experiments were performed at room temperature in 20 mM HEPES, pH 7.5, 50
mM NaCl, 1 mM DTT, 1 mM EDTA, and 5% (w/v) PEG-4000, with 50 uM proteins. For ALIX-
PRD constructs, lyophilized polypeptides were dissolved in a buffer containing 20 mM CAPS, pH
10, and 50 mM NaCl, followed by a rapid dilution in the above-mentioned buffer.
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Figure SS. Differential co-partitioning of Thioflavin T (ThT) in ALIX condensates.

Representative microscopy images depicting a varying degree of co-partitioning of the amyloid-
sensitive dye, ThT, in condensates made by (A) ALIX; "sh., (B) PRDSgsxcgs» and (C) PRDggs ges-
Experimental conditions and protein concentrations were the same as those described in Fig. S4
caption. The concentration of ThT was 20 uM. Images were taken immediately after the formation

of condensates.
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Figure S6. Constructs used in current study. (A) List of constructs used in current study.

Constructs 1, 2,4-12, and 16 were custom-synthesized from Azenta Life Sciences. Note that GB1-

6xHis denotes B1 domain of protein G, GB1 (57), used to enhance protein expression levels,

followed by a spacer sequence, a polyhistidine (6xHis) affinity tag, and a TEV protease cleavage

site. Constructs 1-12 and 16 were subcloned in pET11a and expressed in BL21(DE3) competent

cells (Agilent). Constructs 3 and 14 were obtained from the Addgene repository [accession no.
80641 (3) and 102719 (56), respectively]. Constructs 1, 2, 5, 7, 9—13, and 17 were deposited in the
Addgene repository as a part of the current study (accession no. 180024, 180025, 180029, 180023,



180027, 190783, 190784, 199242, 180026, and 186793 respectively). Constructs 4, 6, and 8 were
deposited in the Addgene repository as a part of our published works (22, 23) [accession no.
164444, 141344, and 141345, respectively]. Constructs 14 and 16 were generous gifts from Albert
van der Vliet (University of Vermont), and G. Marius Clore (NIH). Src kinase (construct 14) was
expressed in BL21-Al cells (Thermo Fisher Scientific). (B) Analysis of recombinant proteins using
liquid chromatography—electrospray ionization—time-of-flight mass spectrometry (LC—ESI-
TOFMS). Masses of constructs 3, 4, 6, 8, and 14-16 were reported in our previously published
works (22, 23).
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Figure S7. Expression levels of three ALIX constructs in HEK293T cells determined by
fluorescence microscopy. To quantify fluorescence intensities stemming from the expression of
ALIX constructs, namely ALIX"Noks, ALIX ™SS, and ALIX™G, (see Fig. 2A, main text, for
construct design), the background fluorescence intensity of a cell-free region was subtracted from

the emission intensities of ALIX expressing cells.
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Figure S8. Panoramic images showing co-partitioning (or the lack thereof) of CHMP4

paralogs in condensates made by ALIX constructs. Representative fluorescence microscopy
S191C

images showing colocalization of ATTO-647N labeled CHMP4 paralogs, CHMP4C7,1 533 and
CHMP4B§21§1‘§24, in Alexa-Fluor488-labeled droplets of (A) ALIXffgegg*, (B) PRD%?E%S*, and a

lack of their colocalization in Alexa-Fluor488-labeled PRDSSSE%S droplets (panel C). Co-

localization or lack thereof of CHMP4 paralogs was verified over n > 3 replicates (= 100
condensates per sample). Protein and fluorophore concentrations were the same as those described

in Fig. 3 (main text) caption.
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Figure S9. Co-partitioning of CHMP4 paralogs in condensates made by ALIX-PRD

constructs. Representative fluorescence microscopy images showing colocalization of ATTO-
647N labeled CHMP4 paralogs, CHMP4C}) 'S5, and CHMP4BTA,,, in Alexa-Fluor488-labeled
PRD%?P%S* droplets (panels A and C), and a lack of their colocalization in Alexa-Fluor488-

labeled PRDS:;SE%S droplets (panels B and D).
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Figure S10. Co-partitioning of CEPSS in PRD%?};M* condensates (A) Representative

. . . . . S215C - Strep
fluorescence microscopy images showing colocalization of CEP557¢,°16 in PRD53"¢ e droplets.

(B) Corresponding fluorescence intensity profiles. The binding interface between the two proteins
was mapped by X-ray crystallography [PDB entry: 3E1R (25)] and comprises residues 178—195
of CEP55 and 797-808 of ALIX-PRD. A ready colocalization of CEP55323°5 16 in PRD3 s xegs
droplets, indicates that P801G mutation did not interfere with these interactions. Protein
concentrations were the same as those described in Fig. 3 (main text) caption. In the case of
PRD%?P%S*, the concentration of Streptavidin Alexa-Fluor488 was 0.2 mg/mL. For CEPSS?%&ESM,

the concentration of ATTO 647N-labeled moeties were 5 molar percent.
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Figure S11. NMR analysis of interactions between ALIX-Brol and CHMP4 paralogs.
Overlay of expanded region of the 'H-'>N TROSY-HSQC correlation spectra of ’N/*H-labeled
100 uM Brol in the absence (red) and presence (blue) of 300 uM CHMP4 paralogs, namely (A)

CHMP4C337'S5; and (B) CHMP4B

4 Some isolated cross-peaks of Brol that exhibit changes

in chemical shifts upon addition of CHMP4 paralogs are labeled. Folded cross-peaks of residue

V54 are marked by asterisks. Buffer and experimental conditions were as follows: 20 mM sodium
phosphate, pH 6.5, 1 mM TCEP, and 2 mM EDTA at 30 °C.
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Figure S12. NMR analysis of interactions between PRD%;"¢,, and CHMP4 paralogs. Overlay
of expanded region of the '"H-'>N TROSY-HSQC correlation spectra of ’N/!*C-labeled 150 uM
PRDSOSP. , in the absence (blue) and presence (red) of 450 uM CHMP4 paralogs, namely (A)
CHMP4C%?_12C33 and (B) CHMP4B%§:§24; also see Fig. S13 caption for the rationale used to select
these protein concentrations. Assignments of each cross-peaks are shown in panel (A). Cross-

peaks of the residues that undergo chemical shift changes upon addition of CHMP4 constructs are



marked by arrows. Non-native residues of the C-terminal Strep tag are labeled in green. Buffer
and experimental conditions were as follows: 20 mM sodium phosphate, pH 6.5, 1 mM TCEP, and
2 mM EDTA at 30 °C.



St S191C
PRD ;5 500+ CHMP4C 5 535

. o
1o G733-G734
] [ J
o
® pr4ag-T750 °
115 - >
R R745-T746
£ I ]
s A765-N766 ® °
o [ ]
2 ® ® o ® G734-H735
P ®  p761-V762 ° e
2 120 e® o |
° ®® ® N766-R767 °
o ® ® ® .
. - .. ® S802-H803
° [ J
125 | ° 9 o
° ° T750-K751 @
P755-A756 @ T
e o é o
V762-L763 € H73ﬁ736 °

| | | | | T | | T | |
178 177 176 175 174

*C (ppm)

Figure S13. NMR analysis of interactions between PRDg; %, and CHMP4C}3;'535. Overlay

of expanded region of the '3C-'*N CON correlation spectra of '*N/"3C-labeled 150 pM PRD3g%5 0

in the absence (blue) and presence (red) of 450 uM CHMP4C§%?_1§33. Note that the above-
mentioned concentrations were chosen because of the following: (1) poor sensitivity of the carbon-
detected *C-1N CON experiment as compared to its proton-detected counterpart (69); and (2) the

addition of > 450 uM CHMP4 paralogs to 150 uM PRD%;&OO led to sample precipitation. Cross-

peaks of the residues that undergo chemical shift changes upon addition of CHMP4C§21(1)1§33 are
marked. Cross-peaks of non-native residues of the C-terminal strep tag are labeled in green. Buffer
and experimental conditions were as follows: 20 mM sodium phosphate, pH 6.5, 1 mM TCEP, and

2 mM EDTA at 30 °C.
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Figure S14. Predicted structural organization of human CHMP4 paralogs. Predictions based
on the primary sequence [CHMP4A, upper (33)] or AlphaFold (34) [CHMP4B, middle, and
CHMPA4C, lower]. Cylinders and labels represent the corresponding CHMP4 helices (al—a6)
whereas numbers above the cylinders represent corresponding CHMP4 residues. Note that among
the three CHMP4 paralogs, the cellular functions of CHMP4A are not known.
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Figure S15. NMR spectra of CHMP4 paralogs. Expanded regions of the 'H-'>N TROSY-HSQC
correlation spectra of ’N-labeled (A) CHMP4C%?E2C33 (blue) and (B) CHMP4B%§§§24 (red). Some
of the isolated cross-peaks are marked. Folded cross-peak of residue G222 (CHMP4B§21§1‘2CZ4) is
marked with an asterisk. Buffer and experimental conditions were as follows: 20 mM sodium
phosphate, pH 6.5, 1 mM TCEP, and 2 mM EDTA at 30 °C. Protein concentrations were 0.5 mM

each.
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Figure S16. NMR analysis of CHMP4 paralogs. Secondary chemical shifts (AS), *C,, 13C’, 13Cp
and N, of (A) CHMP4C§21?1§33, and (B) CHMP4B%?§§24, derived from assigned backbone
chemical shifts and the corresponding random coil values and correction factors of Poulsen and
co-workers (35, 36). The region between residues 163—179 of CHMP4C§5?1§33, which forms a
stable helix, is highlighted in semi-transparent blue rectangles. The Cp chemical shifts of
engineered cysteine residues, namely C191 of CHMP4C%?12C33 and C184 of CHMP4B%§§2CZ4, were
ca. 28 ppm, indicating that these two residues were reduced in solution (80). AS(*°N) of G222 of
CHMP4B}1%S,, was not considered because of its folded cross-peak (cf. Fig. S15).
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Figure S17. NMR-PRE analysis of the transient long-range interactions in CHMP4C
constructs. Overlay of expanded regions of 'H-'>N TROSY-HSQC spectra of MTSL-labeled (red,
paramagnetic) and its acetylated analog-labeled (blue; diamagnetic) (A) CHMP4C?2115,42%3 and (B)
CHMP4CMI3S;.
peak heights ratio < 0.25) due to the PRE effect are labeled; note that intramolecular PREs are

A few of the isolated cross-peaks that undergo signal attenuation (‘H-'>N cross-

exquisitely sensitive and have thus been used to identify transient long-range interactions in
disordered proteins (39-41, 81, 82). All spectra were recorded at 800 MHz at 30 °C. Buffer
conditions were as follows: 20 mM sodium phosphate, pH 6.5, and 2 mM EDTA. Protein

concentrations were 0.2 mM each.
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Figure S18. NMR analysis of interactions between CHMP4 paralogs and ALIX domains.
Overlay of expanded regions of the 'H-'>N TROSY-HSQC correlation spectra of '*N-labeled (A
and C) CHMP4C317'S35 and (B and D) CHMP4BSI4S,,

ALIX domains, namely Brol and PRD%rffgoo. The concentrations of CHMP4 paralogs were 150

in the absence and presence of unlabeled

uM. The color scheme is as follows: CHMP4 paralogs in free form = light red, in the presence of
75, 150, and 450 uM of Brol / PRD3{s%0, =
cross-peaks are marked. Cross-peaks of the residues that undergo chemical shift changes upon
addition of PRD3%0, Folded cross-peaks of residue G222

(CHMP4B§%§§§24) are marked with asterisks.

dark red, green, and blue, respectively. A few of

are marked by arrows.
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Figure S19. NMR analysis of CHMP4-Brol interactions. TALOS-N (37) derived helical
propensities of (A) CHMP4C}) 555 and (B) CHMP4B})EY,, in the presence (blue bars) and
absence (red lines) of Brol; obtained from the corresponding assigned backbone chemical shifts,
namely '3C,, 3Cp, C°, 1N, and 'Hn. Residues that undergo resonance-line broadening in the
presence of Brol are marked by semi-transparent grey rectangles. '’N-AR, profiles of (C)
CHMP4C})1S55 + Brol and (D) CHMP4B})t%5, + Brol samples at 800 MHz (30 °C). Protein
concentrations were as follows: 150 uM *N-labeled CHMP4 paralogs and 450 uM non-labeled
Brol.
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Figure S20. NMR analysis of CHMP4C)) s *—ALIX{"%2, interactions. Overlay of
expanded regions of the 'H-'>N TROSY-HSQC correlation spectra of 30 pM *N/*H-labeled
CHMP4C§;?}2C3’§‘AA in the absence (blue) and presence (red) of 90 uM unlabeled ALIX?irgegg*. A
few of the cross-peaks of a5 motif that show signal attenuation upon addition of ALIXfirgegg* are
marked in green ("H-'>N cross-peak heights ratio = 0.25-0.5). Cross-peaks of a6 motif that did not

show any signal attenuation are marked in magenta. A few other cross-peaks that show chemical



shift perturbations are marked in black. Inset: Corresponding '"Hn/!°N chemical shift perturbation
profile; semi-transparent blue rectangles indicate regions that exhibit chemical shift perturbations
(AN > 0.0125 ppm). Spectra were acquired at a spectrometer 'H frequency of 800 MHz (30 °C).

Buffer conditions were the same as those described in Fig. 4 (main text) caption.
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Figure S21. Reversible tyrosine phosphorylation of ALIXfige&*. (A) Time course of Src-

mediated in vitro phosphorylation of ALIX?irgegg* by western blotting (the primary and secondary
antibodies were phospho-tyrosine mouse monoclonal and goat anti-mouse IgG, respectively). The
numbers in parenthesis represent the concentrations of ALIX?irgegg*, Src, and ATP used for this
experiment, namely 50 uM, 500 nM, and 5 mM, respectively. The gel-band for phosphorylated
®Y) ALIX?ﬁrgegg* is marked. Note that the corresponding band of phosphorylated Src is not detected
because of its low nanomolar concentration, and that ALIX?Ergegg* migrates anomalously on 4—12%
Bis-Tris SDS-PAGE gel, likely due to its disordered PRD. (B) LC—ESI-TOFMS analysis of
phosphorylated ALIX?ﬁrgegg* revealed hyperphosphorylated state of ALIXfirgegg* [ALIX carries 33
native tyrosine residues among which 11 are localized in the C-terminal portion of its PRD,
residues 803 to 846 (23)]. The numbers in red represent the number of phosphorylated tyrosine
residues, labeled as pY. The numbers in parentheses represent the corresponding masses in kDa.
Representative microscopy images establishing the lack of dissolution of Alexa-Fluor488-labeled
ALIX?ﬁrgegg* condensates in the absence of (C) Src, and (D) ATP. (E) Time course of
dephosphorylation of 50 uM hyperphosphorylated ALIX?irgegg* by 50 nM PTP1B monitored by
western blotting. The buffer conditions were as follows: 50 mM Tris, pH 7.5, 50 mM NaCl, 2 mM
DTT, 5 mM MgCl, for the kinase reaction, and 20 mM HEPES, pH 7.5, 50 mM NaCl, 1 mM DTT,

1 mM EDTA for the phosphatase reaction. Both reactions were carried out at room temperature.



Additionally, the phase-separation experiments shown in panels (C) and (D) were carried out in
the presence of 5% (w/v) PEG-4000.
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Figure S$22. Time-course of the lack of Src-mediated dissolution of ALIX;"%. droplets in the

presence of CHMP4C%?}2C33. Representative confocal images of Alexa-Fluor488-labeled
ALIX?ﬁrgegg* condensates comprising CHMP4C§21?_1§33 at three time points, namely 0 min (A), 45
min (B), and 90 min (C). The following concentrations were used: 50 pM ALIX,"s%., 10 pM
CHMP4C}) 155, 500 nM Sre, and 5 mM ATP in the presence of 5% (w/v) PEG-4000.



ALIXS'sR. + Src + ATP + PEG

+ - CHMP4C3?'C
121-233
—

S 0510 0 5 10 min
250

130 w e wmem— PY-ALIXSEE,
100

70 — pY-Src

55 ww

35 -

25 -

15 -

Figure S23. Western blot analysis of the changes in Src-mediated phosphorylation of
ALIngfﬁ%* droplets with and without CHMP4C%?}2C33. The primary and secondary antibodies
were phospho-tyrosine mouse monoclonal and IRDye 800CW goat anti-mouse IgG, respectively.
Blot was visualized using the Odyssey XF imaging system (LICOR Biosciences). The gel-bands
for phosphorylated (pY) ALIXffgegg* and Src are marked. The following protein concentrations
were used: 50 uM ALIXffgegg* with and without 50 uM CHMP4C?37 533, and 5 pM Src. Buffer and
experimental conditions were as follows: 50 mM Tris, pH 7.5, 50 mM NacCl, 5 mM MgCl,, 2 mM
DTT, 5 mM ATP, 5% (w/v) PEG-4000, and room temperature.



Table S1. Residue-specific NMR parameters of CHMP4 fragments in free form?®.

CHMPACS))S; CHMP4BSI¥4S,
Res. a 3N (Hz) PN-R; Res. a 3Jin-a (Hz) PN-R;
prop.® Pred. Exp. (sHd prop.® Pred. Exp. (sHd

E121 0.178 6.591 6.138 1.229 +£0.036 D121 0.128 6.926 6.778 1.147 +0.037
N122 0.072 7.037 7.426 1.392+0.041 N122 0.032 7.214 7.306 1.288 +0.042
M123 0.054 6.988 7.426 1.613 £0.044 M123 0.015 6.988 7.394 1.553+0.037
D124 0.035 6.989 7.258 2.010+0.033 D124 0.027 6.972 7.394 1.705+0.029
L125 0.063 6.902 7.178 1.858 +£0.021 1125 0.047 7.764 7.482 1.724+0.019
N126 0.151 7.418 7.554 1.975+0.036 D126 0.076 6.897 7.218 1.884 +£0.022
K127 0.065 6.802 7.346 2.027 +0.029 K127 0.025 6.742 7.570 1.926 +0.020
1128 0.062 7.528 7.634 2.251 +0.020 V128 0.056 7.661 7.570 1.906 £0.017
D129 0.206 7.181 7.010 2.828 +£0.025 D129 0.335 6.927 6.954 2.253 +£0.023
D130 0.368 7.042 7.178 2.322+0.026 E130 0.331 6.707 6.690 2.112+0.012
L131 0.366 6.727 7.306 3.205=+0.028 L131 0.346 6.550 7.218 2.290+0.022
M132 0.247 7.070 7.258 2.801 £0.024 M132 0.263 7.070 7.570 2.811 +0.022
Q133 0.303 6.958 7.258 2.464 +£0.031 Q133 0.282 7.101 7.218 2.397 +£0.022
E134 0.090 6.429 6.930 2.846 +0.021 D134 0.179 6.764 7.130 2.218 +£0.032
1135 0.032 7.441 7.594 2.771 +0.022 1135 0.084 7.722 7.570 2.115=+0.019
T136 0.038 7.747 7.842 2.816+0.032 Al136 0.075 6.119 6.154 2.525+0.026
E137 0.041 6.498 6.890 2.726 +0.031 D137 0.046 6.746 6.954 2.140 +£0.034
Q138 0.046 6.781 7.178 2.665+0.033 Q138 0.034 6.958 7.306 2.094 +0.027
Q139 0.063 6.893 7.258 2.632 +0.026 Q139 0.071 6.750 7.042 2.149 +£0.030
D140 0.083 6.764 7.218 2.656 +0.024 E140 0.204 6.446 6.690 2.366 +0.025
1141 0.306 7.722 7.386 2.693 +£0.024 L141 0.293 6.771 6.866 2.405+0.020
Al142 0.220 5923 6.010 3.391 +0.021 Al42 0.146 6.057 6.154 2.312+0.022
Q143 0.283 6.916 6.970 2.977+0.034 E143 0.186 6.464 6.690 2.248 +0.030
E144 0.122 6.429 6.842 2.979 £0.026 E144 0.070 6.513 6.690 —

1145 0.149 7.517 6970 3.304+0.025 1145 0.051 7.517 7.570 2.323 £0.023
S146 0.143 6.957 6.970 3.417+0.035 S146 0.038 6.954 6.690 2.540+0.042
E147 0.182 6.590 6.426 3.384 +0.034 T147 0.038 7.634 7.746 2.326 +0.043
Al148 0.153 6.091 5.762 3.423 £0.037 Al148 0.026 5955 5978 2.449+0.033
F149 0.129 7.208 7.138 3.256 +£0.030 1149 0.017 7.599 7.746 2.114 +£0.030
S150 0.080 7.146 6.762 3.261 +0.045 S150 0.017 6.816 6.954 2.248 +0.030
Q151 0.097 6.809 7.178 3.333 £0.035 K151 0.015 6.772 7.218 2.332+0.034
R152 0.035 6.692 7.514 3.257 £0.028 P152 0.003 - - —

V153 0.023 7.749 7.722 3.257+0.029 V153 0.017 7.623 7.218 2.175=+0.021
G154 0.008 — - 3.191 £0.031 G154 0.000 - - 2.277 +0.026
F155 0.017 7.349 7.554 3.009 £+ 0.027 F155 0.019 7.349 7.130 2.122 +0.035




Table S1 (cont’d).

CHMPACS))S; CHMP4BSI¥4S,
Res. a 3N (Hz) PN-R; Res. a 3Jin-a (Hz) PN-R;
prop.® Pred. Exp. (sHd prop.® Pred. Exp. (sHd

G156 0.008 - - 2.886 +0.035 G156 0.009 - - 2.002 +0.037
D157 0.015 7.049 7.218 3.236=+0.032 E157 0.023 6.571 7.218 2.140 £0.024
D158 0.030 7.330 7.426 3.327 +0.037 E158 0.038 6.818 7.042 2.156 +£0.020
F159 0.024 7.373 7.258 4.193 £0.037 F159 0.036 7.196 7.746 2.393 +0.020
D160 0.021 7.280 7.258 4.413 +0.028 D160 0.006 7.280 7.394 2.561 +0.030
E161 0.110 6.702 5.306 4.940 +0.027 E161 0.036 6.702 6.514 2.814+0.028
D162 0.451 6.717 7.050 3.836=+0.029 D162 0.091 6.717 6.866 3.349+0.018
E163 0.757 6.707 5.642 6.061 +0.033 E163 0.319 6.707 6.690 3.191 £0.022
L164 0.812 6.550 5.554 6.162+0.012 L164 0471 6.550 6.602 3.331=+0.025
M165 0.718 7.224 6.474 5.720=+0.027 M165 0.388 7.224 7.394 2.893 +0.023
Al66 0.748 5.779 - — Al166 0434 5.779 5.626 3.729+0.022
E167 0.756 6.612 5.346 6.018 £0.044 E167 0.448 6.612 6.602 3.438 +0.029
L168 0.865 6.670 — — L168 0485 6.670 6.954 3.673+0.010
E169 0.865 6.784 4.185 6.490 +0.027 E169 0.433 6.784 6.602 3.857+0.016
E170 0.894 6.530 4.265 7.811 +£0.086 E170 0.487 6.530 6.778 2.422+0.029
L171 0.919 6.670 3.929 6.906 +0.039 L171 0.481 6.670 6.602 3.639 +0.024
E172 0.888 6.731 4.969 6.333 +£0.033 E172 0.252 6.731 6.778 3.663 +0.021
Q173 0.896 6.834 4.137 7.075+0.053 Q173 0.371 6.834 6.602 2.276 +0.022
E174 0.937 6.298 3.513 6.429 +£0.034 E174 0.446 6.298 6.690 2.473 +£0.010
E175 0.964 6.530 4.889 6.305+0.040 E175 0.387 6.530 7.042 3.689 +0.021
L176 0.934 6.725 3.977 6.176 £0.024 L176 0.378 6.813 6.242 3.244 +0.027
N177 0.793 7.418 5.386 4.959 +0.042 D177 0.131 6.978 — 2916 £0.025
K178 0.692 6.530 5.306 5.760 +0.044 K178 0.140 6.779 6.154 3.544 +0.035
K179 0.529 6.368 5.890 4.599 +0.036 N179 0.221 7.246 6.866 3.429+0.035
M180 0.192 6.659 6.098 5.012 +£0.030 L180 0.418 6.942 8.282 2.956+0.013
TI181 0.070 7.605 7.050 4.2754+0.045 L181 0.356 7.072 7.130 2.802 +0.020
N182 0.050 7.457 6.594 4.457 +0.031 E182 0.176 6.915 6.954 2.680=+0.022
1183 0.031 7.436 7.554 3.437+£0.029 1183 0.030 7.557 7.842 2.324+0.023
R184 0.009 7.227 8.090 3.914 +£0.036 C184 0.007 7.294 7.658 2.375+0.038
L185 0.014 6.853 7.218 3.679+0.027 G185 0.005 - - 2.090 + 0.044
P186 0.012 - - — P186 0.017 - - —
N187 0.020 7.114 7.138 3.257+0.028 E187 0.017 6.318 6.690 2.317+0.032
V188 0.005 7.819 7.970 3.052 £0.036 T188 0.017 7.444 7.746 2.270+0.033
P189 0.017 - - — V189 0.007 7.864 7.746 2.567 £0.026
S190 0.012 6.688 6.031 3.000+0.039 P190 0.003 - - -




Table S1 (cont’d).

CHMPACS))S; CHMP4BSI¥4S,
Res. a 3N (Hz) PN-R; Res. a 3Jin-a (Hz) PN-R;
prop.® Pred. Exp. (sHd prop.® Pred. Exp. (sHd

CI191 0.020 7.046 - — L191 0.004 6.727 6.954 2.471+0.010
S192 0.011 7.103 6.542 2.833 +£0.047 P192 0.009 - - —

L193 0.023 6.895 7.218 3.045=+0.038 N193 0.019 7.114 7.394 2.266+0.051
P194 0.008 - - — V194 0.006 7.819 7.218 2.950 +0.025
A195 0.008 5.541 6.050 3.050+0.043 P195 0.018 - - -
Q196 0.001 7.034 7.178 2.883 +0.037 S196 0.012 6.706 6.514 2.302+0.036
P197 0.019 - - — 1197 0.020 7.652 7.658 2.319+0.034
NI198 0.015 6.964 6.858 3.511 £0.035 Al198 0.010 6.124 6.514 2.566+0.034
R199 0.012 6.741 6.570 3.635=+0.028 L199 0.010 6.870 7.218 2.430=+0.031
K200 0.008 6.730 6.978 3.042 +0.025 P200 0.008 - - —

P201 0.018 - - — S201 0.005 6.434 6.602 2.325+0.054
G202 0.015 - - 3.711 £0.035 K202 0.012 6.772 6.866 2.516+0.036
M203 0.022 6.983 5.033 - P203 0.011 - - —

S204 0.019 6.833 4.553 3.392+0.049 A204 0.009 5453 5.626 2.422+0.037
S205 0.028 6.740 6.330 3.558 +£0.074 K205 0.012 6.488 6.690 2.609 £ 0.021
T206 0.066 7.634 6.050 3.962+0.061 K206 0.022 6.347 6.242 2.861 +0.037
A207 0.283 5.692 4.553 4.416=+0.042 K207 0.136 6.488 5.274 2.987 +0.038
R208 0.270 6.708 6.170 4.210+0.035 E208 0.291 6.323 5.626 3.171 £0.032
R209 0.324 6.896 5.930 4.457+0.042 E209 0.223 6.382 7.042 2.824 +0.038
S210 0.103 6.569 5.202 4.304 +0.036 E210 0.108 6.525 6.514 2.316£0.025
R211 0.080 6.966 4.385 4.272 +0.040 D211 0.041 6.860 7.042 2.398 +£0.034
A212 0.123 5.821 6.570 3.828 £0.037 D212 0.042 7.037 6.514 2.408 +0.032
A213 0.083 5.810 4.873 3.195+0.040 D213 0.119 6.774 - 2.916 +0.025
S214 0.047 6.791 6.050 2.839 +0.049 M214 0.419 6.757 7.130 2.487 £0.026
S215 0.044 6.690 5.762 - K215 - 6.671 - —

Q216 0.045 6.809 6.938 2.900+ 0.030 E216 0472 6.471 - —

R217 0.064 6.775 7.058 2.761 £0.034 L217 0.293 6.670 6.954 2.310+0.023
A218 0.117 5.720 6.050 2.935+0.027 E218 0.088 6.839 6.602 2.138 +0.023
E219 0.125 6.464 6.530 2.794 +0.028 N219 0.023 7.638 7.482 1.983+0.043
E220 0.098 6.382 7.058 3.179 £0.029 W220 0.030 6.863 6.514 1.806 +0.033
E221 0.053 6.525 7.138 2.363 +0.029 A221 0.031 6.331 6.514 1.768 =0.032
D222 0.046 6.860 7.178 2.652 +0.023 G222 0.021 - - 1.387 £ 0.029
D223 0.232 7.037 - — S223 0.128 6.705 7.546 1.218 £0.040
D224 0.214 7.025 6.898 2.921 +£0.025 M224 0.333 6.926 7.762 0.826 = 0.007
1225 0.559 7.480 7.138 2.941 +0.022 - - - - -




Table S1 (cont’d).

CHMPACS))S; CHMP4BSI¥4S,

Res. a 3N (Hz) PN-R; Res. a 3Jin-a (Hz) PN-R;

prop.® Pred. Exp. (sHd prop.® Pred. Exp. (sHd
K226 0.529 6.815 6.738 3.117+0.023 — — — — —
Q227 0.486 6.923 6.938 2.897 +0.032 — — — — —
L228 0.296 6.687 7.258 2.411+0.027 — — — — —
A229 0.292 6.158 - — — — — — —
A230 0.336 6.218 6.858 2.292 +0.029 — — — — —
W231 0.199 6.821 7.426 1.813+0.029 — — — — —
A232 0.168 6.221 7.098 1.611 +0.025 — — — — —
T233 0.333 7.606 8.106 0.914+0.010 — — — — —

a. All NMR data were acquired at 30 °C in buffer containing 20 mM sodium phosphate, pH
6.5, 1 mM TCEP, and 2 mM EDTA.

b. Helical propensities (a prop.) were calculated using Talos-N (37) from assigned backbone
chemical shifts, namely B¢, 13C5, BC’, N, and 'Hx.

c. Experimental Jun.uo couplings were measured using WATERGATE-optimized 2D
TROSY pulse sequence (67). Corresponding random coil values were predicted using the
nearest-neighbor effects corrected for temperature (38). Experimental Jin.nq couplings of
overlapped residues and glycines were not considered.

d. >N Rip measurements were carried out at 800 MHz on 0.5 mM proteins. Overlapped

residues or residues that undergo resonance broadening due to rapid exchange were not
considered.



Table S2. Summary of thermodynamic parameters for the interactions between CHMP4

paralogs and ALIX; ' 3% /Brol obtained by fitting ITC data to independent sites model®>,

Ko n AH -TAS

(LM) (kcal/mol) (kcal/mol)
CHMPACS)'5;
+ ALIX; 50, 0.6+ 0.1 1.00+0.02 -4.8+0.2 37403
+ ALIX}"§P.. (with 150 mM NaCl)® 6.1 +0.7 1.09+0.01 -3.0+£0.2 41+03
+ Brol 0.9+ 0.1 120£0.10 -5.0+0.1 33£0.1
CHMP4B31%¢,
+ ALIX; 50, 0.9+0.1 1.05+0.04 -64+0.8 1.840.9
+ Brol

S191C, AAA

+ ALIXS"P... (with 150 mM NaCl)e No binding was detected.

a. All ITC measurements were performed at 25°C; AH = enthalpy and -TAS = entropy of
dissociation.

b. Errors were calculated from two-three independent titrations, performed by varying the
concentrations of involved proteins.

c. To determine the impact of salt on ALIX — CHMPA4C interactions, additional ITC
measurements were performed in the presence of 150 mM sodium chloride; note that all
the other ITC measurements were carried out in the absence of sodium chloride. For
ALIX?ﬁrgegg* — CHMP4C§;?_12%’§ A interactions, the sample concentrations were 1500 pM
CHMP4C§§?_12%’3A A and 300 pM ALIX?E?ES*. All the remaining measurements were
performed using 300-500 pM CHMP4 paralogs, CHMP4C331'$;; and CHMP4BSI4S,,,
and 30-50 uM ALIX; "%, or Brol.



Table S3. Primers used for mammalian expression.

Construct Forward primer Reverse primer

pmNeonGreenN1 TAAGCTTGGTACCGAGCT ACTGTGCTGGATATCTGCA
CGGATCCATGGTGAGCAA GAATTCCATCACATCGGTA
GGGCGAG AAGGC

ALIXT™RS . CTGGCTAGCGTTTAAACT CTGGCTAGCGTTTAAACT
TAAGCTTATGCATCACCA TAAGCTTATGCATCACCA
TCACCATCATGG TCACCATCATGG

ALIX™S, CTGGCTAGCGTTTAAACT CCTCGCCCTTGCTCACCA
TAAGCTTATGCATCACCA TGGATCCGCGTTCGGTTT
TCACCATCATGG TGCG

ALIXT™RS GCCCCCCATATCCGACGTAC GTCGGATATGGGGGGCCTTG

(for G8O1P mutation)




Movie S1. Src-mediated dissolution of ALIX; ", condensates monitored by fluorescence
microscopy. Timelapse of dissolution of ALIX?Y;ES* (50 uM) condensates in the presence of Src
(5 uM) and ATP (5 mM). Microscopy images of the condensates were collected every min (30
min total). Video playback is 10 images/s. Buffer and experimental conditions were as follows: 50
mM Tris, pH 7.5, 50 mM NaCl, 5 mM MgCly, 2 mM DTT, 5% (w/v) PEG-4000, and 0.02 mg/mL

Streptavidin Alexa-Fluor488, at room temperature.

Movie S2. Dissolution of PRD3:%.. condensates monitored by TIRF microscopy.
Condensates of ATTO-488 labeled PRD%?PS()S* (100 uM) were incubated with Src (10 pM) and
ATP (5 mM). TIRF images of the condensates were collected every 15 s (80 min total). Video
playback is sped up 450 times. Buffer and experimental conditions were as follows: 50 mM Tris,
pH 7.5, 50 mM NaCl, 5 mM MgCl,, 2 mM DTT, and 5% (w/v) PEG-4000, at room temperature.
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