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Note 1: Measurement of the ratio of NELFA-GFP to endogenous NELFA

HeLa cells were cultured in six-well plates as mentioned in the Methods section, and NELFA-GFP expression was induced by
tetracycline (1 µg mL−1) for four and six hours. Cells were harvested and washed in PBS. Cell pellets were frozen in liquid
nitrogen and stored at −80 °C until Western-blot analysis. Cell pellets were thawed gradually on ice and lysed in lysis buffer
(50 mm Tris-HCl pH 6.8, 2 % SDS and 10 % glycerol). Cellular lysates were analysed by SDS-PAGE followed by immunoblotting
using antibody for NELFA (1 : 500; Santa Cruz sc-23599). Signals were quantified by densitometry using Image Lab (Bio-Rad
Laboratories).
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Figure S1 Western-blot analysis to measure the ratio of NELFA-GFP to endogenous NELFA. NELFA-GFP expression was induced with tetracycline for 4 h to 6 h. Two
replicates were run in the same gel. Endogenous NELFA serves as a protein loading control. Molecular mass markers are also shown, with masses indicated on the
right. Different camera set-ups are needed for protein bands (luminescence) and mass markers (visible); the same gel was photographed in sequence and the two
photographs merged. An unmerged version of the protein bands is included in the supporting data.1
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Note 2: Measurement of the viability of HeLa-NELFA by trypan blue assay

Figure S2 Representative bright-field images of fresh and As2O3-treated HeLa-NELFA cells stained by trypan blue. Living and adherent HeLa-NELFA cells were
washed by DPBS, detached by trypsin, centrifuged (100g, 5 min, 4 °C), and resuspended in 1 mL DPBS. 100 µL suspended cells were treated by 100 µL trypan blue for
3 min. Bright (living) and dark (dead, marked by circles in magenta) cells were imaged and counted in a haemocytometer. a The viability ratio in fresh cells was 86 %. B
The viability ratio in cells following a 1 h As2O3 treatment of cells growing in Invitrogen living-cell imaging solution was 95 %. c After As2O3 treatment, cells were washed
by DPBS three times and grown in cell culture media for 24 h. The viability of cells after this treatment was 94 %.

Note 3: Setup and living-cell imaging of synthetic NELFA-GFP at high expression levels and synthetic 2NT-DDX4-GFP
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Figure S3 a Schematic illustration of the custom-built TIRF/HILO microscope for single-molecule imaging or biological phase separation in living cells. b A living HeLa
cell expressing the NELFA-GFP (24 h of expression time) followed by 1 h of arsenic exposure (one snapshot from 3 movies). c A living HeLa cell expressing synthetic
2NT-DDX4-GFP (6 h after transfection)2 undergoing phase separation using the TIRF/HILO microscope. With this experiment we show that our setup is capable of
resolving several spherical clusters with our HILO microscope, if such clusters are present2 (snapshot from 1 movie). Scale bar 10 µm.

We usually only observe the formation of a single (final) condensate. At first, this may appear to contradict previous observations
of several condensates for NELFA3 as well as other publications on different proteins. In order to make sure that we do not miss
other condensates in the cell, in other imaging planes, we recorded 3D Airyscan movies and confirmed that there was indeed
only one large condensate under the low NELFA-GFP expression conditions used here. The formation of a single condensate is
consistent with a nucleation-and-growth model requiring a critical nucleus size of around 2000 NELFA molecules. As the first
post-critical nucleus grows quickly, it depletes the reservoir of NELFA molecules in the system, leaving insufficient molecules to
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form a second post-critical nucleus. By contrast, at the expression conditions used in our previous publication,3 there are several
times more proteins in the cell, which suffices to form several condensates.

Note 4: Machine-learning-based tracking of irregular shapes of NELFA-GFP regions

In our living-cell imaging results, images in movies had a low signal-to-noise ratio as a trade-off to avoid significant photobleaching
of GFPs. To segment regions of NELFA-GFP better, we resorted to a combination of machine-learning-based segmentation
algorithms, trainable Weka segmentation (Weka), a Fiji plugin (https://imagej.net/plugins/tws/how-to-install-new-classifiers).4
First, we set three training features (Gaussian blue, Hessian and Membrane projections). Next, we set three classifiers to determine
regions of NELFA-GFP, regions of cellular background, and regions of non-cellular background. By manually delineating borders
of each type of region in several frames, we trained the Weka until the machine-learning-based recognition of regions was at the
level of eye detection. The output of Weka was a movie comprising binary images for each type of region.1

Figure S4 Machine-learning-based segmentation of images with trainable Weka segmentation. In eight images following the training by Weka, red regions are NELFA-
GFP, green regions are regions of cellular background, and purple regions are regions of non-cellular background, respectively.

Once NELFA-GFP regions from Weka were obtained without backgrounds, we further used MOSAICsuite, another plugin
in Fiji, to track NELFA-GFP regions automatically, accounting for the constantly changing region shapes. To enable reliable
tracking, we first processed the binary images of NELFA-GFP regions in the sub-plugin Squassh in MOSAICsuite to perform a
post-segmentation for the subsequent MOSAIC tracking.5,6 We used the following setting in Squassh:

1. in Background Subtraction, disable ‘Remove Background’;
2. Regularization (>0) ch1 & ch2 = 0.2 and Minimum Object Intensity Channel 1 & 2 = 0.3 for most movies;
3. Select the ‘Exclude Z edge’ option;
4. Select ‘Automatic’ in Local Intensity Estimation and ‘Poisson’ in Noise Model;

https://imagej.net/plugins/tws/how-to-install-new-classifiers
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5. Values are all set to be 1 in the PSF Model;
6. ‘Remove Region with Intensities’ should be less than zero and ‘Remove Region with Size’ should be less than 2.

The Particle Tracker 2D/3D further processed the output of Squassh in the MOSAICSuite with Link Range set to 2 and Displacement
set to 20, respectively.6

Note 5: Representative data sets of cluster sizes over time in living stressed and unstressed cells

Figure S5 Kymographs of two stressed and two unstressed living cells showing changes in sizes of clusters over time. All cells show dynamic sizes, but only the
stressed cells show one cluster each growing to a size of more than 10 µm2.

Note 6: Automated photobleaching-step counting in fixed HeLa cells
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Figure S6 Converting areas of GFP regions into numbers of NELFA-GFP molecules. a Isolated GFP spots found in an unstressed and fixed HeLa cell. In the zoomed-in
panel, five regions are outlined in orange. b Isolated and contiguous GFP regions found in a stressed and fixed HeLa cell. The condensate (i.e. the largest contiguous
region) corresponds to regions outlined in red. Scale bar: 2 µm. Photobleaching steps were measured from each grid. c Density of NELFA-GFP molecules in dense
(black) and dilute (grey) phases measured in fixed cells. Data from 4330 photobleaching traces and a total of 35 cells. Error bars show the standard error of the mean
across 35 fixed cells. The average number density of NELFA-GFP in the dense phase is (29 ± 2) µm−2. As a second method of determining the NELFA-GFP density, we
have performed a brightness analysis of cluster sizes. Specifically, we determined the total brightness of every 3 × 3 grid in the largest cluster and divided this brightness
by the mean intensity of single photobleaching steps, which can be very readily resolved [see Fig. 2a (top)]. These results are displayed in cyan and are consistent with
the photobleaching step analysis. Each error bar in cyan gives the standard deviation in this value computed across 10 grids.
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To count the number of NELF-GFP molecules, we measured photobleaching steps from nuclear GFP regions by imaging HeLa
cells over time (200 s or 400 s) and photobleached GFP (with a 473 nm laser power of 2 mW measured at the laser set).

In a movie, GFP regions first appeared as either isolated spots or contiguous regions [Fig. S6a–b]. To extract stepwise
photobleaching curves, we first set a threshold such that most isolated spots appeared with a size of 3 × 3 pixels in the first frame of
the movie. This is because the theoretical diameter of an Airy disk of one GFP spot is 1.22 × 509 nm/1.49 = 417 nm, with the
fluorescence being at ∼509 nm and the numerical aperture of the objective being 1.49. This is about three pixels in one image (one
pixel = 160 nm × 160 nm).

For each photobleaching trace, photobleaching steps were determined by AutoStepfinder [Fig. 2a].7 Steps from AutoStepfinder
should be consistent with those determined by hand by observing multiple simulated traces with various steps. The value of
photobleaching steps is the maximal number of NELF-GFP molecules in each grid. The quantification of the number of NELF-GFP
from the photobleaching step analysis was double-checked by an intensity-based analysis (see Fig. S6c and its caption).

We define the ‘dilute phase’ of NELF as the region where only isolated spots with a size of 3 × 3 pixels were present, and
the ‘dense phase’ as the largest contiguous GFP region with a size larger than 3 × 3 pixels). In other words, this is the largest
phase-separated domain within a HeLa nucleus.

In the dense phases, the number density of NELF-GFP molecules can be calculated as the total number of molecules (determined
by the total number of photobleaching steps) divided by the total area of the grids, 𝐴cluster = 𝑁grids × 0.23 µm2. For dilute phases,
the density of NELF-GFP molecules is the total number of steps for all dilute-phase regions divided by the total area of the nuclear
region (4π𝑟2

nucleus = 4π(3 µm)2 = 113.04 µm2), with the area of the dense phase subtracted.2

Note 7: Analysis of the onset of NELFA-GFP condensation in living-cell imaging movies
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Figure S7 Changes in cluster sizes after arsenic exposure from the regions of interest for all cells shown in Supplementary Movie 4.1 Each colour represents one
cluster. In total, 3631 clusters were tracked. For Fig. 2d and Fig. 2e, the choices of threshold times to delineate pre- and post-nucleation behaviour for each cell are
0.4 min (cell1), 21 min (cell2), 30 min (cell3), 13 min (cell4), 22 min (cell6), 21 min (cell7) and 7 min (cell9), respectively. For cell9, the growth into a condensate is less
clear, but we nevertheless used the time for the cluster in a blue hue (which grows at around the 7 min mark) because this cluster remains stable in size until about 40
minutes, which is a much longer lifetime than that of any other small cluster.
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Note 8: Effective diffusion coefficients and gradients in cluster size

We show in Fig. S8a the effective diffusion coefficient 𝐷 ( 𝑗) (computed by a fit to the Einstein relation,8 ⟨𝑟2⟩ = 4𝐷𝑡) and size
gradient ∇size ( 𝑗) for every cluster 𝑗 ; the two results are only very weakly correlated, if at all, with Pearson coefficients of −0.09
(−0.15 to −0.02 at 95 % confidence) for stressed and 0.35 (0.05 to 0.57 at 95 % confidence) for unstressed cells. The change in
cluster size due to possible diffusion in and out of the imaged volume is therefore negligible. Although some small part of the
apparent change in size might thus have been caused by diffusion, this would not appreciably affect our results.

There are more clusters with smaller diffusion coefficients in the stressed cells, consistent with the higher probability for larger
clusters; however, the diffusion coefficient is not strictly related to cluster size [Fig. S8b].

Diffusion coefficients computed here depend in part on the quality of tracking. To probe this, we manually checked more
than 1000 clusters and their tracks and noted which clusters would be assigned differently from the algorithm. Three cases were
distinguished: : (1) A track was interrupted (< 3 %); (2) A track of one cluster continued as another cluster (< 6 %); (3) Two
clusters were counted as one or one cluster was counted as two (< 10 %). These errors are relatively small and we can therefore
have confidence in the qualitative conclusions concerning diffusion coefficients.
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Figure S8 Effective diffusion coefficients for every cluster in living cells versus the a size gradients and b the average sizes of clusters.
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Figure S9 a Logarithm of the mean squared displacement of three example tracked clusters against the logarithm of the time from when the cluster was first identified.
Fits to all the underlying data points give the exponent α in the generalized Einstein relation; this scaling is shown with dotted lines. Error bars show the standard
deviation at each time point for the cluster in question. The numbers of data points available at each time point vary as is usual in diffusion measurements, since many
more pairs are available for short time gaps between measurements than for longer ones. The number of data points for the first time point is 34 for α ≈ 0.4, 26 for
α ≈ 1.0 and 30 for α ≈ 1.9, and progressively drop to 2 for the final data point reported in each case. b Normalized frequency of the effective diffusion coefficient for
stressed and unstressed cells. c Normalized frequency of the diffusion exponent α for clusters in stressed and unstressed cells. In b and c, we show both histograms
and a scaled kernel density estimation (Epanechnikov kernel, with reflection in the zero border for the diffusion coefficient) to reduce binning artefacts. d Normalized
frequency of the size gradient scaled by the mean area of the cluster.
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Note 9: Coalescence of clusters

Figure S10 Possible coalescence of clusters. Taken from Supplementary Movie 51 at times of 120 s, 130 s and 140 s.
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