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Figure 1. Liquid-liquid phase separation is
a function of concentration. (A) A schemat-
ic of a phase diagram depicting under what
set of environmental conditions (tempera-
ture, salt concentration, pH, etc.) the sys-
tem will remain as a single phase or
spontaneously form two phases. An in-
crease in the y-axis would represent any en-
vironmental change that would weaken
monomer interactions, e.g., increasing tem-
perature. The dashed line depicts how the
system responds to increasing protein con-
centration, further illustrated in B and C.
(B) For proteins that can phase separate, at
a certain critical concentration (c), droplets
form. Past this critical concentration, pro-
duction of more protein increases droplet
size but does not change the concentra-
tions in either phase, until eventually the
concentrated phase entirely fills the space
whereupon the system returns to the one-

phase regime (A). (C) An illustration of the processes depicted in A and B as it occurs in the cell—in this hypothetical example, in

the nucleus.
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Table 1. Cross-study summary of evidence used for LPS

Indirect in vivo evidence Direct in vivo evidence
Undergoes  Endogenous FRAP Temp/ Affects
Compartment/ LLPS or over- Fusion/  Other T1/2 Critical Ton molecular

Study Location process Protein (s in vitro expression  Roundness  Ripening  expts  [seconds)] Conc.  strength  behavior

Brangwynne Cyiplasm P Granules PGL-1 - OFE + + - 4.7 - - -
et al. 2009

Brangwynne Nucleus Nucleolus - - Endo et s + - - - -
etal. 2011

Li et al. 2012 Cytoplasm Cytoplasm synthetic SH3/ 4+ [8)3 + - - 5 = - -

PEM [NCK
and N-WASP)

Nott et al. Nucleus Nuages DDX-4 b4 OE + 4 + 2.5 b4t 4t -
2015 (granules)

Molliex etal.  Cyroplasm Stress Granule hnRNPAIL 44 OE + + - 4.2 + - -
2015

Altmeyer Nucleus Cell Stress EWS PR OF + + + - + - -
ct al. 2015 TAF15 PR OE + + + - +

FUS PR OE + + + - +

Berry et al Nucleolus Nucleolus FIB-1 - Endo + + - - - - -
015

Patel et al. Nucleus Stress Granule FUS PR OFE - F—. - 4 - - -
2015

Zhang et al. Cytoplasm Whi3 droplets ‘Whi-3 4t Endo +4 + e - = - -
2015

Pak et al. MNucleus Nephrin E s OE + + - <1 + - -
2016 |NICD]

Feric et al MNucleus MNucleolus NPM1 . OE bk e + 64 - - -
016 FIE1 e OE 444 44 + 75 - -

Smith et al. Cytoplasm P Granules PGL-1 - Endo + - — — — — _
2016 MEG-3 4+ Endo + - + - - - -

Suetal 2016  Plasma Plasma LAT 4+ OE - + - 12 - - -

Membrane Membrane

Schmidt and Nucleus Splicing TDP43 PR OE bt + - 15 + - -
Rohatgi
2016

Freeman Pyrenoid Carbon fixation  Rubisco/EPYCI - Both + + + 22-43* - - 4o
Rosenzweig
et al. 2017

Riback et al. Cytoplasm Cell Stress Pabl 4 Endo + - - - - - -
2017

Larson et al. Nueleus Heterochromatin - HP la . OE + - + — — — - )
2017 McSwiggen et al.,
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Figure 2. Evidence for LLPS in cells is
largely phenomenological. (A) A bar graph
quantifying the use of descriptive or phe-
nomenological criteria in the studies from
Table 1, separated into experiments that
are performed on the endogenous protein
|knock-in, KI| compared with those in over-
expression systems (OE]. The x-axis is the
number of proteins from the 33 studies
that were claimed to display that evidence.
(B) A simulated example of how diffrac-
tion-limited fluorescence imaging can ob-
scure fine features. The top row depicts
various simulated structures, and the bot-
tom row is the image acquired by the micro-
scope detector. (C) A bar graph quantifying
the use of assays which give direct evidence
for LLPS in vivo. “Any direct evidence” is
any example which demonstrated at least
one of the categories of direct evidence.
See Table 1.
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Figure 3. Fluorescence recovery is misleading as an assay for LLPS. (4] A schematic of a Fluorescence Recovery After Photobleaching
experiment. Fluorescent molecules in the cell are bleached with a strong laser in one spot and the signal is allowed to recover over

time. In simple diffusion, as is expected in a liquid like a phase-separated domain, mixing of bleached and unbleached molecules is ° SHy Al == AN —

only governed by diffusion. In the case where some molecules may bind to an immobile element, diffusing molecules will mix first before /\ﬁ/ ?z@gﬁ % &\/”:; ‘é _ti— 7‘:_ F R'A\ P

the bound molecules can unbind and exchange. (B) Binding and diffusion have different impacts on the rate of recovery and extent of signal © jl[; JE'fK -+ \\/ —J)L C ore | etS

recovery. There are many methods to analyze FRAP data, the simplest being measuring the half-life of recovery (t, ). If the molecule under = =
study has a high rate of diffusion compared to its binding rau.‘,mnih.l]atinglhc size of the bleach spnt(;iashcdcirc]és in A} will not affect the ° FCS %*lJﬁH l./ 7‘-: %%wl%%qui
recovery (dashed lines). If diffusion is the limiting factor, as predicted by LLPS, then the size of the bleach spot should affect the t; ; of the o __/Z \% I\ 3 N, :\; D 7“

curve. (C) Reported t;;; times from the studies in Table 1. Cases where the same protein or protein domain have been measured more than RO .

once are indicated by connected lines. A few such examples have been labeled for reference. Bolded circles represent measurements on . T 7\ a > ﬁ 7\ \z ct Z) ﬁ\ﬁg VY +t /f

endogenous proteins while the other measurements are in overexpression conditions.



