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Materials and Methods

Cell lines

Cell lines were obtained as indicated, TamR7 (ECACC 16022509). V6.5 murine embryonic stem
cells were a gift from R. Jaenisch of the Whitehead Institute. V6.5 are male cells derived from a
C57BL/6(F) x 129/sv(M) cross. MCF7 cells were a gift from the R. Weinberg of the Whitehead
Institute and HCT116 cells were from ATCC (CCL-247) were used. V6.5 murine embryonic stem
endogenously tagged with MED1-mEGFP (/0), BRD4-mEGFP (/0), SRSF2-mEGFP (/1), or
HP1a-mEGFP were used. Cells were tested negative for mycoplasma. The CRISPR/Cas9 system
was used to generate genetically modified endogenously tagged ESCs and HCT116 cells. Target-
specific sequences were cloned into a plasmid containing sgRNA backbone, a codon-optimized
version of Cas9, and BFP or mCherry. A homology directed repair template was cloned into
pUC19 using NEBuilder HiFi DNA Master Mix (NEB E2621S). The homology repair template
consisted of mCherry or mEGFP cDNA sequence flanked on either side by 800 bp homology arms
amplified from genomic DNA using PCR. To generate genetically modified cell lines, 750,000
cells were transfected with 833 ng Cas9 plasmid and 1,666 ng non-linearized homology repair
template using Lipofectamine 3000 (Invitrogen L3000). Cells were sorted 48 hours after
transfection for the presence of BFP or mCherry fluorescence proteins encoded on the Cas9
plasmid to enrich for transfected cells. This population was allowed to expand for 1 week before
sorting a second time for the presence of mCherry or mEGFP. For mES cells, 40,000 mCherry
positive cells were plated in serial dilution in a 6-well plate and allowed to expand for a week
before individual colonies were manually picked into a 96-well plate. 24 colonies were screened

for successful targeting using PCR genotyping to confirm insertion. For HCT116, single cells were



plated in a 96 well plate and allowed to grow until confluence, then screened for successful

targeting using PCR genotyping to confirm insertion.

PCR genotyping was performed using Phusion polymerase (Thermo Scientific F531S). Products
were amplified according to kit recommendations and visualized on a 1% agarose gel. The

following primers were used for PCR genotyping:

HPlo-mCherry fwd (mES): AACGTGAAGTGTCCACAGATTG
HPlo-mCherry rev (mES): TTATGGATGCGTTTAGGATGG
HP1o-GFP_fwd (HCT116): CCAAGGTGAGGAGGAAATCA
HP1a-GFP_rev (HCT116): CACAGGGAAGCAGAAGGAAG
MED1a-GFP_fwd (HCT116): GAAGTTGAGAGTCCCCATCG
MEDI1-GFP_rev (HCT116): CGAGCACCCTTCTCTTCTTG
BRD4-GFP_fwd (HCT116): CTGCCTCTTGGGCTTGTTAG
BRD4-GFP_rev (HCT116): TTTGGGGAGAGGAGACATTG
SRSF2-GFP_fwd (HCT116): CAAGTCTCCTGAAGAGGAAGGA
SRSF2-GFP_rev (HCT116): AAGGGCTGTATCCAAACAAAAAC
FIB1-GFP_fwd (HCT116): CCTTTTAATCAGCAACCCACTC
FIB1-GFP_rev (HCT116): GTGACCGAGTGAGAATTTACCC
NPM1-GFP_fwd (HCT116): TCAAATTCCTGAGCTGAAGTGA

NPM1-GFP _rev (HCT116): AACACGGTAGGGAAAGTTCTCA

Cell culture



V6.5 murine embryonic stem (mES) cells were grown in 21 + LIF conditions. mES cells were
grown on 0.2% gelatinized (Sigma, G1890) tissue culture plates. The media used for 2i + LIF
media conditions is as follows: 967.5 mL DMEM/F12 (GIBCO 11320), 5 mL N2 supplement
(GIBCO 17502048), 10 mL B27 supplement (GIBCO 17504044), 0.5mML-glutamine (GIBCO
25030), 0.5X non-essential amino acids (GIBCO 11140), 100 U/mL Penicillin-Streptomycin
(GIBCO 15140), 0.1 mM b-mercaptoethanol (Sigma), 1 uM PD0325901 (Stemgent 04- 0006), 3
uM CHIR99021 (Stemgent 04-0004), and 1000 U/mL recombinant LIF (ESGRO ESG1107).
TrypLE Express Enzyme (Life Technologies, 12604021) was used to detach cells from plates.
TrypLE was quenched with FBS/LIF-media (DMEM K/O (GIBCO, 10829-018), 1X nonessential
amino acids, 1% Penicillin Streptomycin, 2mM L-Glutamine, 0.1mM b-mercaptoethanol and 15%
Fetal Bovine Serum, FBS, (Sigma Aldrich, F4135)). Cells were spun at 1000rpm for 3 minutes at

RT, resuspended in 2i media and 5x10° cells were plated in a 15 cm dish.

MCF7 cells and HCT116 cells were grown in complete DMEM media (DMEM (Life Technologies
11995073), 10% Fetal Bovine Serum, FBS, (Sigma Aldrich, F4135), 1% L-glutamine (GIBCO,
25030-081), 1% Penicillin Streptomycin (Life Technologies, 15140163)). For growth in estrogen-
free conditions MCF7 cells in regular media were washed 3x with PBS then the media was changed
to estrogen free media containing phenol red-free DMEM (Life Technologies 21063029), 10%
charcoal stripped FBS (Life Technologies A3382101), 1% L-glutamine (GIBCO, 25030-081) and
1% Penicillin Streptomycin (Life Technologies, 15140163) for 48 hours prior to use. TamR7 cells
were grown in TAMR7 media (Phenol red-free DMEM/F12 (Life Technologies 21041025, 1% L-
glutamine (GIBCO, 25030-081)1% Penicillin Streptomycin (Life Technologies, 15140163), 1%

Fetal Bovine Serum, FBS, (Sigma Aldrich, F4135), 6ng/mL insulin (Santa Cruz Biotechnology,



sc-360248)). For passaging, cells were washed in PBS (Life Technologies, AM9625). TrypLE
Express Enzyme (Life Technologies, 12604021) was used to detach cells from plates. TrypLE was

quenched with indicated media.

Live cell imaging

Cells were grown on glass dishes (Mattek P35G-1.5-20-C). Before imaging the cells, culture
medium was replaced with phenol red-free media, and imaged using the Andor Revolution
Spinning Disk Confocal microscope. Raw Andor images were processed using FIJI. For imaging
mESC, coated glass dishes were used (5 pg/ml of poly-L-ornithine (Sigma-Aldrich, P4957) for 30
minutes at 37 °C, and with 5 pg/ml of laminin (Corning, 354232) for 2—16 hours at 37 °C). For
imaging FIB1 and NPMI in mES cells, vectors encoding GFP-tagged NPM1 or FIB1 were

transfected as described above with Lipofectamine 3000 per package instructions.

Immunofluorescence of tissue samples

Fresh frozen breast and colon tissues were purchased from BiolVT. Frozen breast tissue was fixed
in 2% PFA in PBS for 30minutes-1hour. Fixed tissue was incubated in 30% sucrose in PBS at 4°C
for 4 days. Tissue was embedded in OCT and frozen. Fresh frozen colon tissue was embedded in
OCT and frozen. Tissue was sectioned into 10um sections using the cryostat with temperature set
at -25°C or -30°C. Sections were stored at -20°C. For IF, sections were brought to room
temperature, they were fixed in 4% PFA in PBS for 10 minutes. Following three washes in PBS,
tissues were permeabilized using 0.5%TX100 in PBS, washed three times in PBS and blocked
with 4% BSA in PBS for 30 minutes. Primary antibodies were diluted into 4% BSA in PBS and

added to the tissue sample for O/N incubation at RT. Following three washes in PBS, samples



were incubated with secondary antibodies diluted 1:500 in 4% BSA in PBS. Samples was washed
in PBS, DNA was stained using 20um/mL Hoechst 33258 (Life Technologies, H3569) for 5
minutes and mounted using Vectashield (VWR, 101098-042). Images were acquired using the
Elyra Super-Resolution Microscope at Harvard Center for Biological Imaging. Images were post-

processed using Fiji Is Just ImageJ (https:/fiji.sc/).

Nuclear volume gquantification of condensates

For image acquisition: 10 z-slices were imaged. The outline of the nuclei were defined manually
in Fiji Is Just ImageJ (https://fiji.sc/) and the volume of each nucleus was calculated as nuclear
area (um ) * number of z-slices imaged (10) * voxel depth (0.1pum). The volume of condensates
in the nucleus was measured using a custom Python script and the scikit-image
package. Condensates were segmented from 3D images of the protein channel on two criteria: (1)
an intensity threshold that was three s.d. above the mean of the image; (2) size thresholds (10 pixel
minimum condensate size). The estimated volume of the segmented objects was then calculated
by multiplying the width (um) * height (um) * voxel depth (0.1pum). For each protein factor, the
average and s.d. volume of condensates in the healthy and malignant tissue was reported. The
number of condensates per nucleus was defined as the number of segmented objects contained
within the perimeter of the defined nucleus. For each protein factor, the average and s.d. number
of condensates per nucleus in the healthy and malignant tissue was reported. Percentage of nuclear
volume occupied by the condensates was calculated as follows: (£ volume of all detected

condensates in the nucleus)/(estimated nuclear volume).

Antibodies


https://fiji.sc/
https://fiji.sc/

The following antibodies were used for Immunofluorescence: NPM1 (Abcam ab10530), BRD4
(ab128874), MEDI1 (ab64965), HPla (ab109028), FIB1 (ab5821), SRSF2 (ab11826), ER
(ab32063), CDK7 (Santa Cruz sc-7344), Cisplatin modified DNA (ab103261), 568 goat anti rat

(Life Technologies A11077), Goat anti-Rabbit IgG Alexa Fluor 488 (Life Technologies A11008).

Protein purification

Human ¢cDNA was cloned into a modified version of a T7 pET expression vector. The base vector
was engineered to include a 5° 6xHIS followed by either BFP, mEGFP or mCherry and a 14 amino
acid linker sequence “GAPGSAGSAAGGSG.” NEBuilder® HiFi DNA Assembly Master Mix
(NEB E2621S) was used to insert these sequences (generated by PCR) in-frame with the linker

amino acids. All expression constructs were sequenced to ensure sequence identity.

For protein expression plasmids were transformed into LOBSTR cells (gift of Chessman Lab) and
grown as follows. A fresh bacterial colony containing the tagged MED1 constructs were inoculated
into LB media containing kanamycin and chloramphenicol and grown overnight at 37°C. Cells
were diluted 1:30 in 500ml room temperature LB with freshly added kanamycin and
chloramphenicol and grown 1.5 hours at 16°C. IPTG was added to ImM and growth continued for
20 hours. Cells were collected and stored frozen. Cells containing all other expression plasmids

were treated in a similar manner except they were grown for 5 hours at 37°C after IPTG induction.

Cell pellets of SRSF2 were resuspended in 15ml of denaturing buffer (50mM Tris 7.5, 300mM
NaCl, 10mM imidazole, 8M Urea) with cOmplete protease inhibitors (Roche,11873580001) and

sonicated (ten cycles of 15 seconds on, 60 sec off). The lysates were cleared by centrifugation at



12,000g for 30 minutes and added to Iml of Ni-NTA agarose (Invitrogen, R901-15) that had been
pre-equilibrated with 10 volumes of the same buffer. Tubes containing this agarose lysate slurry
were rotated for 1.5 hours at room temperature, then centrifuged for 10 minutes at 3,000 rpm,
washed with 2 X 5ml of lysis buffer and eluted with 3 X 2ml lysis buffer with 250mM
imidazole. Elutions were incubated for at least 10 minutes rotating at room temperature
and centrifuged for 10 minutes at 3,000 rpm to collect protein. Fractions were run on a 12%
acrylamide gel and proteins of the correct size were dialyzed first against buffer containing 50mM
Tris pH 7.5, 500mM NaCl, IMm DTT and 4M Urea, followed by the same buffer containing 2M
Urea and lastly 2 changes of buffer with 10% Glycerol, no Urea. Any precipitate after dialysis was
removed by centrifugation at 3,000rpm for 10 minutes. All other proteins were purified in a similar
manner by resuspending cell pellets in 15ml of buffer containing 50mM Tris pH7.5, 500 mM
NaCl, cOmplete protease inhibitors, sonicating, and centrifuging at 12,000xg for 30 minutes at
4°C. The lysate was added to 1ml of pre-equilibrated Ni-NTA agarose, and rotated at 4°C for 1.5
hours. The resin slurry was centrifuged at 3,000 rpm for 10 minutes, washed with 2 X 5ml lysis
buffer with 50mM imidazole and eluted by incubation for 10 or more minutes rotating 3 X with
2ml lysis buffer containing 250mM imidazole followed by centrifugation and gel analysis.
Fractions containing protein of the correct size were dialyzed against two changes of buffer
containing 50mM Tris 7.5, 125mM NaCl, 10% glycerol and ImM DTT at 4°C or the same buffer

with 500mM NacCl for the HP1a construct.

The following human proteins or protein fragments were used for production:
NPMI - full length, amino acids 1-294.

SRSF2 - full length, amino acids 1-221.



HP1la - full length, amino acids 1-191.

MEDI1 - amino acids 600-1581.

MEDI1 - aromatic mutant amino acids 600-1581, all aromatic residues changed to alanine.
MEDI1 - basic mutant amino acids 600-1581, all basic residues changed to alanine.

BRD4 - amino acids 674-1351.

FIBI- full length, amino acids 1-321.

ER and ER mutants - full length, amino acids 1-595 (WT).

Cbioportal data acquisition

For frequency of patient mutations, cbioportal (http://www.cbioportal.org/) was queried for

mutations in ESR1 that are present in any breast cancer sequencing data set.

Drugs and small molecules

Drugs and small molecules were obtained and processed as follows. Hoescht 33258 (Life
Technologies H3569) was obtained and utilized in liquid form, Fluorescein (Sigma F2456) was
dissolved in DMSO at 10mM then diluted further in droplet formation buffer for use. Dextrans
measuring 4.4kDa (Sigma T1037), 10kDa (Invitrogen D1816), 40kDa (Invitrogen D1842), or
70kDa (Invitrogen D1864) conjugated to either TRITC or FITC, ROX (Life technologes
12223012), and Texas Red (Sigma Aldrich 60311-02-6), were diluted in droplet formation buffer.
FLTX1 (AOBIO 4054) was dissolved in DMSO then diluted further in droplet formation buffer.
THZ1-TMR and JQ1-ROX was synthesized as below to achieve the molecular structure displayed
in Figure 2D-E. Cisplatin conjugated to texas red (Ursa Bioscience) was dissolved in DMF to 2mM

and diluted for further use in droplet formation buffer. Mitoxantrone (Sigma F6545) was dissolved



in DMSO and diluted for further use in droplet formation buffer. Chemical structures were made

using ChemDraw software.

Unlabeled molecules were used for live cell and chase out experiments as below: JQ1 (Cayman

Chemical 11187), cisplatin (Selleck S1166), transplatin (Toku-E T108), tamoxifen (Sigma Aldrich

T5648), 4-hydroxytamoxifen (Sigma H7904).

In vitro droplet assay

Recombinant BFP, GFP, or mCherry fusion proteins were concentrated and desalted to an
appropriate protein concentration and 125mM NaCl using Amicon Ultra centrifugal filters (30K
MWCO, Millipore). Recombinant protein was added to droplet formation buffer (50mM Tris-HCI
pH 7.5, 10% glycerol, ImM DTT) with the indicated amount of salt and the indicated crowding
agent (Ficoll or PEG). The protein solution was immediately loaded onto glass bottom 384 well
plate (Cellvis P384-1.5H-N) and imaged with an Andor confocal microscope with a 150x
objective. Unless indicated, images presented are of droplets settled on the glass coverslip. For
each experiment at least 10 images were taken. Images were post-processed using Fiji Is Just

ImageJ (https:/fiji.sc/).

Drug and small molecule concentrations used in the droplet experiments are as follows:
Texas red-cisplatin - SuM
FLTXI1 - 100uM

Mitoxantrone - 50uM


https://fiji.sc/

Fluorescein - 1uM

Hoechst - Img/mL

Labeled dextrans - 0.05mg/mL
THZ1-TMR - 5uM

JQI-ROX - 1uM

ROX - IuM

TR - 5uM

For chase-out experiments SuM labeled cisplatin-TR was added to a MEDI1 droplet reaction (10
puM MEDI1, 50mM Tris-HC1 pH 7.5, 10% glycerol, ImM DTT, 10% PEG) in order to form MED1
droplets concentrated with Cisplatin-TR. Unlabeled transplatin or unlabeled cisplatin (vehicle,
10uM, 100uM, or 500uM) were added to the droplet mixture and the amount of labeled cisplatin-
TR remaining in the droplet is measured after chase out. 100uM fluorescent FLTX1 was added to
a MEDI droplet reaction (10 uM MED1, 50mM Tris-HCI pH 7.5, 10% glycerol, ImM DTT, 10%
PEG) in order to form MEDI droplets concentrated with FLTX1. 1mM of the non-fluorescent
version of the drug, tamoxifen, was added to the droplet mixture and the amount of fluorescent
FLTX1 remaining in the droplet is measured after chase out. For assaying eviction of ER from
MED1 condensates, fluorescently labeled ER and MED1 were mixed in droplet formation buffer
at the indicated concentrations with the indicated components in the presence of 100uM estrogen
(Sigma E8875). For conditions with tamoxifen treatment, 4-hydroxytamoxifen (Sigma H7904)
was then added to a final concentration of 100uM and imaged as above on a confocal fluorescent

microscope. Images were post-processed using Fiji Is Just Image] (F1JI).

10



For droplet assay with fluorescent DNA a 451 basepair DNA fragment was commercially
synthesized in a vector with flanking M13F and M13R primer binding sites. Primers M13F and
M13R were commercially synthesized covalently bound to a Cy5 fluorophore and this fragment
was amplified using these primers. The DNA fragment was then purified from PCR reactions and
diluted in droplet formation buffer for use in the droplet assay as described. For testing the ability
of recombinant CDK?7 to partition in MED1 or HPla droplets, recombinant CDK activating
complex (Millipore 14-476) was supplied at 0.4mg/mL in 150mM NaCl at pH 7.5. One vial of
Cy5 monoreactive dye (Amersham PA23001) was resuspended in 30ul of 0.2M Sodium
Bicarbonate at pH 9.3 in 150mM NaCl. 5uL of this reaction was added to SuL of protein and
incubated at RT for 1 hour. Free dye was removed by passing through a Zeba Spin Desalting
Columns, 40MWCO (87764, Thermo Scientific) as described in the package insert into droplet
formation buffer with ImM DTT in 125mM NaCl at a final concentration of 1uM. This protein

was used in the droplet assay as needed.

For screening of a modified BODIPY library, 81 modified BODIPY molecules were selected from
a larger library collection as previous described (56). These molecules were diluted to 1mM in
DMSO then to 10uM in droplet formation buffer. Droplets of MED1-IDR-BFP were formed in
Droplet formation buffer with 125mM NaCl and 10% PEG with 5uM protein, probe was added to
this reaction to a final concentration of 1uM, the mixture was added to one well of a 384-well plate
and imaged on an Andor confocal fluorescent microscope at 150x in the 488 (BODIPY) and 405
(protein) channels. Images were post-processed using Fiji Is Just ImageJ (FIJI). Images were

quantified by the aforementioned pipelines to quantify the maximum 488 signal intensity in
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droplets defined by the 405 channel. These values were then ranked to quantify the top and bottom
“hits”. To ensure that the fluorescent intensity of the probes were equivalent, 1uM of 18 random
probes in droplet formation buffer was imaged as above and the average fluorescent intensity in
the field determined. The same approach was taken to measure the fluorescent intensity of

BODIPY alone (Sigma 795526), both in MED1 droplet and in the diffuse state.

FRAP of in vitro droplets with drug

For FRAP of in vitro droplets, 5 pulses of laser at a 50us dwell time was applied to the MEDI1
channel and 20 pulses of laser at a 100us dwell time was applied to the Cisplatin channel. Recovery
was imaged on an Andor microscope every ls for the indicated time periods. Fluorescence
intensity was measured using FIJI. Post bleach FRAP recovery data was averaged over 6 replicates

for each channel.

Calculating drug enrichment ratios

To analyze in vitro droplet experiments, custom Python scripts using the scikit-image package
were written to identify droplets and characterize their size, shape and intensity. Droplets were
segmented from average images of captured channels on various criteria: (1) an intensity threshold
that was three s.d. above the mean of the image; (2) size thresholds (20 pixel minimum droplet
size); and 3) a minimum
circularity (circularity=4m-areaperimeter2) (circularity=4mn-areaperimeter2) of 0.8 (1 being a
perfect circle). After segmentation, mean intensity for each droplet was calculated while excluding
pixels near the phase interface, and background-corrected by subtracting intensity of dark images

of droplet formation buffer only. Droplets identified in the channel of the fluorescent protein from
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ten independent fields of view were quantified for each experiment. The maximum intensity of
signal within the droplets was calculated for each channel, the maximum intensity in the drug
channel was termed “maximum drug intensity”. To obtain the intensity of drug or dye alone in the
diffuse state (termed “diffuse drug intensity”), the compound was added to droplet formation
buffer at same concentration used in the droplet assay. This was then imaged on a confocal
fluorescent microscope, the resulting image was processed in FIJI to obtain the fluorescent
intensity of the field. To obtain the fluorescent intensity of protein droplets that bleed through in
the drug channel (termed “background intensity”) protein droplets were imaged in the fluorescent
channel in which the drug fluoresces and processed as above to obtain the average maximum
intensity within the droplet across 10 images. The enrichment ratio was obtained by the following
formula [(maximum drug intensity)-(background intensity)]/(diffuse drug intensity). The box plots

show the distributions of all droplets. Each dot represents an individual droplet.

Chromatin immunoprecipitation (ChIP) and sequencing

MCEF7 cells were grown in complete DMEM media to 80% confluence. 1% formaldehyde in PBS
was used for crosslinking of cells for 15 minutes, followed by quenching with Glycine at a final
concentration of 125mM on ice. Cells were washed with cold PBS and harvested by scraping cells
in cold PBS. Collected cells were pelleted at 1000 g for 3 minutes at 4°C, flash frozen in liquid
nitrogen and stored at 80°C. All buffers contained freshly prepared cOmplete protease inhibitors
(Roche, 11873580001). Frozen crosslinked cells were thawed on ice and then resuspended in lysis
buffer I (50 mM HEPES-KOH, pH 7.5, 140 mM NaCl, 1 mM EDTA, 10% glycerol, 0.5% NP-40,
0.25% Triton X-100, protease inhibitors) and rotated for 10 minutes at 4°C, then spun at 1350 rcf.,

for 5 minutes at 4°C. The pellet was resuspended in lysis buffer II (10 mM Tris-HCI, pH 8.0, 200
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mM NaCl, 1 mM EDTA, 0.5 mM EGTA, protease inhibitors) and rotated for 10 minutes at 4°C
and spun at 1350 rcf. for 5 minutes at 4C. The pellet was resuspended in sonication buffer (20 mM
Tris-HCI pH 8.0, 150 mM NacCl, 2 mM EDTA pH 8.0, 0.1% SDS, and 1% Triton X-100, protease
inhibitors) and then sonicated on a Misonix 3000 sonicator for 10 cycles at 30 s each on ice (18-
21 W) with 60 s on ice between cycles. Sonicated lysates were cleared once by centrifugation at
16,000 rcf. for 10 minutes at 4° C. Input material was reserved and the remainder was incubated
overnight at 4°C with magnetic beads bound with CDK7 Bethyl A300-405A antibody to enrich
for DNA fragments bound by CDK7. Beads were washed twice with each of the following buffers:
wash buffer A (50 mM HEPES-KOH pH 7.5, 140 mM NaCl, 1 mM EDTA pH 8.0, 0.1% Na-
Deoxycholate, 1% Triton X-100, 0.1% SDS), wash buffer B (50 mM HEPES-KOH pH 7.9, 500
mM NaCl, 1 mM EDTA pH 8.0, 0.1% Na-Deoxycholate, 1% Triton X-100, 0.1% SDS), wash
buffer C (20 mM Tris-HCI pHS8.0, 250 mM LiCl, I mM EDTA pH 8.0, 0.5% Na-Deoxycholate,
0.5% IGEPAL C-630, 0.1% SDS), wash buffer D (TE with 0.2% Triton X-100), and TE buffer.
DNA was eluted off the beads by incubation at 65°C for 1 hour with intermittent vortexing in
elution buffer (50 mM Tris-HCI1 pH 8.0, 10 mM EDTA, 1% SDS). Cross-links were reversed
overnight at 65°C. To purify eluted DNA, 200 mL TE was added and then RNA was degraded by
the addition of 2.5 mL of 33 mg/mL RNase A (Sigma, R4642) and incubation at 37°C for 2 hours.
Protein was degraded by the addition of 10 mL of 20 mg/mL proteinase K (Invitrogen, 25530049)
and incubation at 55°C for 2 hours. A phenol:chloroform:isoamyl alcohol extraction was
performed followed by an ethanol precipitation. The DNA was then resuspended in 50 mL TE and
used for sequencing. ChIP libraries were prepared with the Swift Biosciences Accel-NGS 2S Plus
DNA Library Kit, according to the kit instructions. Following library preparation, ChIP libraries

were run on a 2% gel on the PippinHT with a size-collection window of 200—600 bases. Final
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libraries were quantified by qPCR with the KAPA Library Quantification kit from Roche, and

sequenced in single-read mode for 40 bases on an Illumina HiSeq 2500.

HCT116 cells were grown in complete DMEM media to 80% confluence followed by treatment
with JQ1 or DMSO for 24 hours, followed by cell permeabilization (10min at 37°C with the
solution of tx100 in PBS at 1:1000 in media) and subsequently treated with DMF or Cisplatin for
6 hours. 1% formaldehyde in PBS was used for crosslinking of cells for 15 minutes, followed by
quenching with Glycine at a final concentration of 125mM on ice. Cells were washed with cold
PBS and harvested by scraping cells in cold PBS. Collected cells were pelleted at 1000 g for 3
minutes at 4°C, flash frozen in liquid nitrogen and stored at 80°C. All buffers contained freshly
prepared cOmplete protease inhibitors (Roche, 11873580001). Frozen crosslinked cells were
thawed on ice and then resuspended in lysis buffer I (50 mM HEPES-KOH, pH 7.5, 140 mM NaCl,
I mM EDTA, 10% glycerol, 0.5% NP-40, 0.25% Triton X-100, protease inhibitors) and rotated
for 10 minutes at 4°C, then spun at 1350 rcf., for 5 minutes at 4°C. The pellet was resuspended in
lysis buffer IT (10 mM Tris-HCI, pH 8.0, 200 mM NaCl, 1 mM EDTA, 0.5 mM EGTA, protease
inhibitors) and rotated for 10 minutes at 4°C and spun at 1350 rcf. for 5 minutes at 4°C. The pellet
was resuspended in sonication buffer (20 mM Hepes pH 7.5, 140 mM NaCl, | mM EDTA 1 mM
EGTA, 1% Triton X-100, 0.1% Na-deoxycholate, 0.1% SDS, protease inhibitors) and then
sonicated on a Misonix 3000 sonicator for 10 cycles at 30 s each on ice (18-21 W) with 60 s on
ice between cycles. Sonicated lysates were cleared once by centrifugation at 16,000 rcf. for 10
minutes at 4°C. Input material was reserved and the remainder was incubated overnight at 4°C
with magnetic beads bound with MED1 antibody (Bethyl A300-793A) to enrich for DNA

fragments bound by MED1. Beads were washed with each of the following buffers: washed twice
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with sonication buffer (20 mM Hepes pH 7.5, 140 mM NaCl, 1 mM EDTA 1 mM EGTA, 1%
Triton X-100, 0.1% Na-deoxycholate, 0.1% SDS), once with sonication buffer with high salt (20
mM Hepes pH 7.5, 500 mM NaCl, 1 mM EDTA 1 mM EGTA, 1% Triton X-100, 0.1% Na-
deoxycholate, 0.1% SDS), once with LiCl wash buffer (20 mM Tris pH 8.0, 1 mM EDTA, 250
mM LiCl, 0.5% NP-40, 0.5% Na-deoxycholate), and once with TE buffer. DNA was eluted off
the beads by incubation with agitation at 65°C for 15 minutes in elution buffer (50 mM Tris-HCI
pH 8.0, 10 mM EDTA, 1% SDS). Cross-links were reversed for 12 hours at 65°C. To purify eluted
DNA, 200 mL TE was added and then RNA was degraded by the addition of 2.5 mL of 33 mg/mL
RNase A (Sigma, R4642) and incubation at 37°C for 2 hours. Protein was degraded by the addition
of 4 ul of 20 mg/mL proteinase K (Invitrogen, 25530049) and incubated at 55°C for 30 minutes.
DNA was purified using Qiagen PCR purification kit, eluted in 30 ul Buffer EB, and used for
sequencing. ChIP libraries were prepared with the Swift Biosciences Accel-NGS 2S Plus DNA
Library Kit, according to the kit instructions. Following library preparation, ChIP libraries were
run on a 2% gel on the PippinHT with a size-collection window of 200—400 bases. Final libraries
were quantified by qPCR with the KAPA Library Quantification kit from Roche, and sequenced

in single-read mode for 50 bases on an Illumina HiSeq 2500.

ChIP-Seq data were aligned to the mm9 version of the mouse reference genome using bowtie with
parameters —k 1 —-m 1 —best and -1 set to read length. Wiggle files for display of read coverage in
bins were created using MACS with parameters —w —S —space = 50 —nomodel —shiftsize = 200,
and read counts per bin were normalized to the millions of mapped reads used to make the wiggle

file. Reads-per-million-normalized wiggle files were displayed in the UCSC genome browser. For
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ER, MED1, BRD4, and H3K9me3 ChIP-Seq in MCF7 cells, published datasets were used (GEO

GSE60270, GSM1348516, and GSM945857, respectively).

Purification of CDK8-Mediator

The CDK8-Mediator samples were purified as described (57) with modifications. Prior to affinity
purification, the PO.SM/QFT fraction was concentrated, to 12 mg/mL, by ammonium sulfate
precipitation (35%). The pellet was resuspended in pH 7.9 buffer containing 20mM KCl, 20mM
HEPES, 0.1mM EDTA, 2mM MgCI2, 20% glycerol and then dialyzed against pH 7.9 buffer
containing 0.15M KCI, 20mM HEPES, 0.1mM EDTA, 20% glycerol and 0.02% NP-40 prior to
the affinity purification step. Affinity purification was carried out as described, eluted material was
loaded onto a 2.2mL centrifuge tube containing 2mL 0.15M KCI HEMG (20mM HEPES, 0.1mM
EDTA, 2mM MgCl2, 10% glycerol) and centrifuged at SOK RPM for 4h at 4°C. This served to
remove excess free GST-SREBP and to concentrate the CDK8-Mediator in the final fraction. Prior
to droplet assays, purified CDK8-Mediator was concentrated using Microcon-30kDa Centrifugal
Filter Unit with Ultracel-30 membrane (Millipore MRCFOR030) to reach 300nM of Mediator
complex. Concentrated CDK8-Mediator was added to the droplet assay to a final concentration of

200nM. Droplet reactions contained 10% PEG-8000 and 125mM salt.

Immunofluorescence with RNA FISH

Cells were plated on coverslips and grown for 24 hours followed by fixation using 4%
paraformaldehyde, PFA, (VWR, BT140770) in PBS for 10 minutes. After washing cells three
times in PBS, the coverslips were put into a humidifying chamber or stored at 4°C in PBS.

Permeabilization of cells were performed using 0.5% Triton X-100 (Sigma Aldrich, X100) in PBS
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for 10 minutes followed by three PBS washes. Cells were blocked with 4% IgG-free Bovine Serum
Albumin, BSA, (VWR, 102643-516) for 30 minutes and the indicated primary antibody (see table
S2) was added at a concentration of 1:500 in PBS for 4-16 hours. Cells were washed with PBS
three times followed by incubation with secondary antibody at a concentration of 1:5000 in PBS
for 1 hour. After washing twice with PBS, cells were fixed using 4% paraformaldehyde, PFA,
(VWR, BT140770) in PBS for 10 minutes. After two washes of PBS, Wash buffer A (20% Stellaris
RNA FISH Wash Buffer A (Biosearch Technologies, Inc., SMF-WA1-60), 10% Deionized
Formamide (EMD Millipore, S4117) in RNase-free water (Life Technologies, AM9932) was
added to cells and incubated for 5 minutes. 12.5 mM RNA probe (Stellaris) in Hybridization buffer
(90% Stellaris RNA FISH Hybridization Buffer (Biosearch Technologies, SMF-HB1-10) and 10%
Deionized Formamide) was added to cells and incubated overnight at 37°C. After washing with
Wash buffer A for 30 minutes at 37°C, the nuclei were stained with 20 mg/mL Hoechst 33258
(Life Technologies, H3569) for 5 minutes, followed by a 5 minute wash in Wash buffer B
(Biosearch Technologies, SMF-WB1-20). Cells were washed once in water followed by mounting
the coverslip onto glass slides with Vectashield (VWR, 101098-042) and finally sealing the
coverslip with nail polish (Electron Microscopy Science Nm, 72180). Images were acquired at an
RPI Spinning Disk confocal microscope with a 100x objective using MetaMorph acquisition
software and a Hammamatsu ORCA-ER CCD camera (W.M. Keck Microscopy Facility, MIT).

Images were post-processed using Fiji Is Just ImageJ (FLJT).

RNA FISH image analysis

For analysis of RNA FISH with immunofluorescence, custom Python scripts were written to

process and analyze 3D image data gathered in FISH and immunofluorescence channels. FISH
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foci were automatically called using the scipy ndimage package. The ndimage find objects
function was then used to call contiguous FISH foci in 3D. These FISH foci were then filtered by
various criteria, including size, circularity of a maximum z-
projection (circularity=4m-areaperimeter2;0.7)(circularity=4mn-areaperimeter2;0.7), and being
present in a nucleus (determined by nuclear mask). The FISH foci were then centered in a 3D box
(length size () = 3.0 um). The immunofluorescence signals centered at FISH foci for each FISH
and immunofluorescence pair were then combined, and an average intensity projection was
calculated, providing averaged data for immunofluorescence signal intensity within a /x/ square
centered at FISH foci. As a control, this same process was carried out for immunofluorescence
signals centered at an equal number of randomly selected nuclear positions. These average-
intensity projections were then used to generate 2D contour maps of the signal intensity. Contour
plots were generated using the matplotlib Python package. For the contour plots, the intensity-
color ranges presented were customized across a linear range of colors (n = 15). For the FISH
channel, black to magenta was used. For the immunofluorescence channel, we used chroma.js (an
online color generator) to generate colors across 15 bins, with the key transition colors chosen as
black, blue—violet, medium blue and lime. This was done to ensure that the reader’s eye could
more-readily detect the contrast in signal. The generated color map was used in 15 evenly spaced
intensity bins for all immunofluorescence plots. The averaged immunofluorescence, centered at
FISH or at randomly selected nuclear locations, is plotted using the same color scale, set to include

the minimum and maximum signal from each plot.

Cisplatin treatments followed by immunofluorescence
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HCT116 cells were plated in 24-well plate at 50k cells per well to yield 100k cells after 21 hours
(doubling time of HCTs). Cells were permeabilized using a solution of Tx100 in media at 0.55
pmol/cell for 12 minutes at 37°C. Cells were then washed with 500 pl media and treated with 500
ul of 50 uM cisplatin in media for 6 hours. After 6 hours, the cells were washed once with room
temperature PBS and then fixed with 500 pL 4% formaldehyde in PBS for 12 min at room
temperature. The cells were then washed 3 more times with PBS. Coverslips were put into a
humidifying chamber or stored at 4°C in PBS. Permeabilization of cells were performed using
0.5% Triton X-100 (Sigma Aldrich, X100) in PBS for 10 minutes followed by three PBS washes.
Cells were blocked with 4% IgG-free Bovine Serum Albumin, BSA, (VWR, 102643-516) for 30
minutes and the indicated primary antibody was added at a concentration of 1:500 in PBS for 4-
16 hours. Cells were washed with PBS three times followed by incubation with secondary antibody
at a concentration of 1:5000 in PBS for 1 hour. Samples was washed in PBS, DNA was stained
using 20pum/mL Hoechst 33258 (Life Technologies, H3569) for 5 minutes and mounted using
Vectashield (VWR, 101098-042). Images were acquired at an RPI Spinning Disk confocal
microscope with a 100x objective using MetaMorph acquisition software and a Hammamatsu
ORCA-ER CCD camera (W.M. Keck Microscopy Facility, MIT). Images were post-processed

using Fiji Is Just ImageJ (FLJI).

Cisplatin/condensate co-1F

For the analysis of co-immunofluorescence data, custom python scripts were written to both
process and analyze the 3D image data from IF and DAPI channels. Nuclei were detected using
the Triangle thresholding method and a nuclear mask was applied the IF channels. Manual minimal

thresholds were applied to the 488 channel to determine nuclear puncta for protein of interest
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(MEDI1, HPla, or FIBI). The triangle thresholding method was applied to the 561 channel to
determine nuclear puncta for cisplatin. Percentage of cisplatin overlap was calculated by the
number of defined nuclear cisplatin puncta that overlapped with the protein of interest puncta

divided by the total number of nuclear cisplatin puncta.

Cisplatin-seq analysis

Cisplatin-seq fastq files for repl 24-hour treated cells were downloaded from
https://www.ncbi.nlm.nih.gov/sra/SRX1962532[accn] (sequencing run ID SRR3933212) (40).
Reads were aligned to the human genome build hg19 (GRCh37) using Bowtie2 to get aligned .bam
files (58). H3K27Ac ChIP-seq reads in HELA cells were used to call super-enhancers using the
ROSE algorithm (47, 59). Super-enhancers were separated from typical enhancers using the
super-enhancer table output by ROSE algorithm. The typical enhancers were broken down further
by their H3K27Ac signal. The last decile of enhancers was extracted based on H3K27Ac signal to
get the low H3kK7Ac category of enhancers. Each category of enhancer (super-enhancers, typical
enhancers, and low H3K27ac signal enhancers) was broken down into their constituents, and
constituents that overlapped with blacklist regions were excluded. Black list regions were
downloaded from ENCODE file https://www.encodeproject.org/files/ENCFFO001TDO/. Each
enhancer constituent was then extended by 2kb at either end. The 24-hour treated cisplatin-seq
reads were mapped to each of the three categories of 2kb-extended enhancers using the
bamToGFF.py script. For each category of enhancer, the constituent region and flanking regions
were separately split into 50 equally-sized bins and the reads in each bin were counted. The average
read count per bin across all enhancer constituents and flanking regions was used to create the

meta-plot.
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Cisplatin Treatments followed by live cell imaging

HCT116 cells with the indicated GFP knock-in were plated at 35k per well of a glass bottom 8-
well chamber slide. Following incubation at 37°C overnight, cells were treated with 50uM
cisplatin in DMEM or a 1:1000 dilution of DMSO for 12 hours. Prior to imaging, cells were
additionally treated with a 1:5000 dilution of Hoechst 33342 to stain DNA and 2uM propidium
iodide to stain dead cells. For the quantified dataset of GFP-tagged MEDI, HP1 or FIBI in
HCT116 cells, cells were imaged using an Andor confocal microscope at 100X magnification. For
representative images of each of the six tagged lines treated with vehicle or 50uM cisplatin, cells
were imaged on the Zeiss LSM 880 confocal microscope with Airyscan detector with 63x

objective at 37°C. Images were post-processed using Fiji Is Just ImageJ (F1JI).

Condensate score analysis

Nuclei were segmented from images of treated cells by custom Python scripts using the scikit-
image, open-cv, and scipy-ndimage Python packages. Nuclei were segmented by median filter,
thresholding, separated by the watershed algorithm, and labeled by the scikit-image label function.
For each nuclei, the fluorescence signal in the GFP channel (corresponding to either MED1, HP1a
or FIB1) was maximally-projected if z-stacks were acquired. A grey-level co-occurrence matrix
(GLCM) was then generated from the projected signal, and the ‘correlation’ texture property from
the GLCM was calculated per nucleus. One-way ANOVA followed by Sidak’s multiple
comparisons test was performed on the correlation values across conditions using GraphPad Prism
version 8.2.0 for Mac (www.graphpad.com). Finally, to derive the condensation score, these values

were subtracted from 1.
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FRAP of HCT116 mEGFP tagged cell lines

FRAP was performed on Andor confocal microscope with 488nm laser. Bleaching was performed
OVer a Tyieqcn =~ 1 um using 100% laser power and images were collected every two seconds.
Fluorescence intensity was measured using FIJI. Background intensity was subtracted, and values
are reported relative to pre-bleaching time points. Post bleach FRAP recovery data was averaged

over 7 replicates for each cell-line and condition.

Determination of partitioning by spectrophotometry and quantitative phase microscopy

Derivation of expression for drug partition coefficient in condensates
Here we derive briefly an expression for the partition coefficient of a client molecule into a
condensed phase in terms of quantities that are readily measurable experimentally. We consider a
sample composed of two coexisting phases, named dilute and condensed, with volume fractions
Gaitute A0d P ong such that @ ijute + Peona = 1. If a client molecule (e.g. a drug) is also present
in the sample at an average concentration of ¢;,;4;, then mass conservation requires that

Ctotal = CaitutePaitute T Ccond Peonds (D
where cgi1te and cqonq are the concentrations of the client in the dilute and condensed phases,
respectively. Finally, we define the partition coefficient of the client into the condensed phase as
P = ccona/Caitute- With this definition and the requirement that the phase volume fractions sum
to 1, Eq I can be written as

Ctotal = Cdilute(1 - d)cond) + Caitute PP conas (2)

which can be simplified and rearranged to yield

P=1+ (22 1) (Poona) ™ 3)

Cdilute
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We estimate the ratio C;o¢q1/Caitute from fluorescence spectroscopy measurements, as described
in a subsequent section, while ¢.,,q4 we infer from the lever rule (60) as follows: denoting the
concentration of scaffold protein (e.g. MEDI) by s, mass conservation gives Siorqr =
SaitutePaitute + Scond Pcond» 1N analogy with Eq. 1. Again using the requirement that the volume

fractions of coexisting phases sum to 1, this can be rearranged to yield

__ Stotal—Sdilute
cond — ] > (4)
Scond—Sdilute

where S;o¢q1 and Syiuee are measured spectrophotometrically from optical absorbance at 280 nm,
and S.onqg 18 measured from quantitative phase microscopy, using a coherence-controlled
holographic microscope (Q-Phase, Telight (formerly TESCAN), Brno, CZ) equipped with 40x dry

objectives (NA = 0.90).

UV-Vis fluorescence spectroscopy measurements and analysis
Uv-vis spectroscopy (TECAN Spark20M) was used to estimate the absolute concentration of drug
in solution using Beer-Lambert law with Eq 5,

A= Log10(I0/T)= ecL (%)
where A is the measured absorbance (in Absorbance Units (AU)), 10 is the intensity of the incident
light at a given wavelength, I is the transmitted intensity, L the path length through the sample,
and c the concentration of the absorbing species. For each species and wavelength, ¢ is a constant
known as the molar absorptivity or extinction coefficient. This constant is a fundamental molecular
property in a given solvent, at a particular temperature and pressure, and has units of 1/M*cm.
The partitioned drug was measured by using spin down assay. Known concentration of drug was
added with the protein and kept for the droplet formation. After 30 minutes, the mixture was

centrifuged at 15,000 rpm for 10 minutes. The supernatant was collected and measured the
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concentrations of the drug. The partitioned drug was calculated by subsracting from the total

known concentration of drug added.

Quantitative phase microscopy measurements and analysis

Quantitative phase measurements were performed using a coherence-controlled holographic
microscope (Q-Phase, Telight (formerly TESCAN), Brno, CZ) equipped with 40x dry objectives
(NA = 0.90) as follows. Immediately following phase separation, samples were loaded into a
custom temperature-controlled flowcell, sealed and allowed to settle under gravity prior to
imaging. Flowcells were constructed with a PEGylated coverslip and a sapphire slide as bottom
and top surfaces, respectively, using parafilm strips as spacers. Peltier elements affixed to the
sapphire slide enabled regulation of flowcell temperature, as previously described (67).
Temperature was maintained at 21.00 + 0.02 °C during measurements.

Q-PHASE software was used to construct compensated phase images from acquired
holograms, which were subsequently analyzed in MATLAB using custom code. As details
regarding the calculation of protein concentration from quantitative phase images will be discussed
extensively elsewhere (McCall et al, forthcoming), only a conceptual overview will be given here.
Briefly, each phase image is spatially segmented based on intensity, and a window containing each

segmented object is fit to a spatial function of the form
2
@(x,y) = = AnH(x, y|R), (6)
where @(x,y) is the phase intensity at pixel location (x,y), 4 is the illumination wavelength, An

is the refractive index difference between MED1 condensates and the surrounding dilute phase,

and H(x,y|R) is the projected height of a sphere of radius R. The fitting parameters in Eq. 6 are
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An and R. We assume that no PEG partitions into the condensates and calculate the average

scaffold concentration in each filtered condensate as

_ An+(ngitute—"0o)
Scond = dn/ds . (7)

Here n is the refractive index of buffer in the absence of scaffold and PEG, n ;¢ 1s the refractive
index of the dilute phase, and both are measured at 21.00 £0.01 °C using a J457 digital
refractometer (Rudolph Research Analytic, Hackettstown, NJ). The refractive index increment of

the scaffold protein, dn/ds, is estimated from amino acid composition (62).

Cisplatin-DNA engagement assay

MED1-IDR-BFP and HP1a-BFP droplets were formed by mixing 10 uM protein with the droplet
formation buffer containing 50mM Tris-HCl pH 7.5, 100mM NacCl, 10% PEG 8000, 10% glycerol,
ImM DTT and 5ng/ul DNA in a 10 pl reaction volume. The droplet reactions were incubated for
30 min at RT. Next, increasing concentrations of activated Cisplatin (0, 0.5, 0.75, 1, 1.5, and 2
mM) were added to the droplet reactions and incubated for another 30 min at RT. The reactions
are then treated with 1 pl of Proteinase K (Invitrogen, 20 mg/ml) for 4 hr at 55 °C. Platination of
DNA was visualized by size-shift on a bioanalyzer. Measurements from two chip runs were

compiled into a single electropherogram.

Amino acid and basic/acidic patch analysis

Basic and acidic patches were determined by identifying charged interaction elements (CIEs) as
previously described by (63). For each protein, the net charge per residue (NCPR) along the protein
sequence was calculated using a sliding window of 5 amino acids with a step size of 1 amino acid

using the local CIDER software (64). Stretches of 4 or more amino acids with NCPR < -0.35 were
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identified as acidic patches (CIE-), while stretches of 4 or more amino acids with NCPR > +0.35
ewere identified as basic patches (CIE+). The number of acidic and basic patches within the total
protein and the IDR specifically was counted. Separately, the number of aromatic residues within

the whole protein and the IDR was also counted.

Cell survival assay

HCT116 cells were plated in 24-well plate at 50k cells per well to yield 100k cells after 21 hours
(doubling time of HCTs). Cells were then treated with either 50uM cisplatin or DMF in DMEM
media for 12 hours. At 12 hours, CellTiter-Glo Reagent was added to each well, following the
CellTiter-Glo Luminescent Viability Assay. Luminescence was then measured, averaging 5 wells

for each condition.

In silico modeling

We developed a simplified model of drug-target interactions in the presence of a condensate. The
relevant species are the drug (D), target (T), and the drug-target complex (D-T). We assume there
are only 2-types of phases, the bulk/dilute nuclear phase (n) and the condensate phase (c), which
is present with volume fraction f = V.o densate/Vnucteus- At equilibrium, the following

partitioning conditions are obeyed:
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where pp, pr are the partition coefficients of the drug and target. [D], represents the concentration
of species D in condensate phase (and similarly for other components/phases). In this model, the

drug and target complex with phase-independent disassociation constant of Kj,.

[D] + [T] &% [D —T]

~ [DI[T]
Ko =1p-T]

To solve for equilibrium concentrations of various species, which are present at overall levels

[D]o, [Tlo, we write down the species balance as:

fDle +[D =Tl) + (1 = (D], + [D = Tln) = [D]o

fT]e+ D =Tl + A = H(T]p + [D =Tl = [DT],

We solve these 6 concentrations with 2-equations and 4 constraints (2 from partitioning and 2 from

reaction equilibria). In Fig S31, the fraction of bound target is defined as:

Fractionyoyng, € =

A similar expression is used for the fraction of bound target in the nuclear (bulk or dilute) phase.

In case of controls plotted, we plot fraction when there is only 1 phase (=0).

Generation and analysis of MCF7 mEGFP-MEDI cells

To generate MCF7 mEGFP-MEDI1 cells, a lentiviral construct containing the full length MED1

with a N-terminal mEGFP fusion connected by a 10 amino acid GS linker was cloned, containing
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a puromycin selection marker. Lentiviral particles were generated in HEK293T cells. 250,000
MCF7 cells were plated in one well of a 6 well plate and viral supernatant was added. 48 hours

later puromycin was added at 1pg/mL for 5 days for selection.

For live-cell FRAP experiments, the tagged MED1-mEGFP MCF7 cells were plated on Poly-L-
Ornithine coated glass-bottom tissue culture plate. 20 pulses of laser at a 50us dwell time were
applied to the array, and recovery was imaged on an Andor microscope every 1 s for the indicated
time periods. Quantification was performed in FIJI. The instrument background was subtracted
from the average signal intensity in the bleached puncta then divided by the instrument background
subtracted from a control puncta. These values were plotted every second, and a best fit line with
95% confidence intervals was calculated. For observing fusions of MED1-GFP foci, MEDI-
mEGFP MCF7 cells were grown for 3 days in estrogen-free conditions then plated on glass-
bottomed plates. 15 minutes prior to imaging, cells were treated with 100nM estrogen and placed
on the Andor confocal microscope and imaged at 150x for 4 minutes. Images were post-processed

in FIJI. Fluorescent intensity calculations were made in FIJI.

Chemistry

Unless otherwise noted, reagents and solvents were obtained from commercial suppliers and were
used without further purification. Mass spectra were obtained on a Waters Micromass ZQ
instrument. Preparative HPLC was performed on a Waters Sunfire C18 column (19 mm x 50 mm,
5 uM) using a gradient of 15—95% methanol in water containing 0.05% trifluoroacetic acid (TFA)

over 22 min (28 min run time) at a flow rate of 20 mL/min.
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Scheme 1: Synthesis of THZ1-TMR
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THZ1-TMR

Reagents and conditions: (a) (£)-4-bromobut-2-enoyl chloride, triethyl amine, DCM, 0 °C~r.t.,
then tert-butyl methyl(6-(methylamino)hexyl)carbamate, r.t.~50 °C; (b) trifluoroacetic acid,
DCM, r.t., then TMR-NHS ester, diisopropylethyl amine, DCM, r.t.~40 °C fert-butyl E)-(6-((4-
((4-((3-((5-chloro-4-(1H-indol-3-yl)pyrimidin-2-yl)amino)phenyl) carbamoyl)phenyl)amino)-4-
oxobut-2-en-1-yl)(methyl)amino)hexyl)(methyl)carbamate (2). To a solution of 1 (20 mg, 0.044
mmol, prepared according to patent WO2014/63068) and triethyl amine (29 mg, 0.27 mmol) in
0.8 mL DCM was added (E)-4-bromobut-2-enoyl chloride (0.24 mL, 0.2 M in DCM). The solution

was stirred for 6 hours. Then tert-butyl methyl(6-(methylamino)hexyl)carbamate (13 mg, 0.052
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mmol) in 0.4 mL DCM was added. The mixture was warmed to 50 °C and kept overnight. The
mixture was concentrated in vacuo, then purified by preparative HPLC to provide intermediate 2
(6 mg, 19%). LC/MS (ESI) m/z = 765 (M + H)+. (E)-4-((6-((4-((4-((3-((5-chloro-4-(1H-indol-3-
yl)pyrimidin-2-yl)amino)phenyl)carbamoyl)phenyl)amino)-4-oxobut-2-en-1-
yl)(methyl)amino)hexyl)(methyl)carbamoyl)-2-(6-(dimethylamino)-3-(dimethyliminio)-3H-
xanthen-9-yl)benzoate (THZ1-TMR). To a solution of 2 (6 mg, 0.0078 mmol) in 0.5 mL DCM
was added 0.1 mL TFA. The resultant solution was stirred at room temperature for 1 h, and then
concentrated in vacuo to obtain free amine as TFA salt, which was dissolved in 0.5 mL DCM
again. To this solution DIEA (5mg, 0.039 mmol) and TMR-NHS ester (5 mg, 0.0094 mmol) were
added in sequence. The mixture was warmed to 40 °C and kept overnight. The mixture was
concentrated in vacuo, then purified by preparative HPLC to provide THZ1-TMR (2 mg, 23%).

LC/MS (ESI) m/z=1077 (M + H)+.

Scheme 2: Synthesis of (+)-JQ1-ROX
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Reagents and conditions: (a) trifluoroacetic acid, DCM, r.t.,, then fert-butyl methyl(6-
(methylamino)hexyl)carbamate, 1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-
b]pyridinium 3-oxid hexafluorophosphate, diisopropylethyl amine, DMF, r.t.; (b) trifluoroacetic
acid, DCM, r.t., then ROX-NHS eater, diisopropylethyl amine, DCM, r.t.~40 °C fert-butyl (S)-(6-
(2-(4-(4-chlorophenyl)-2,3,9-trimethyl-6H-thieno[ 3,2-f][ 1,2,4]triazolo[4,3-a][ 1,4]diazepin-6-yl)-
N-methylacetamido)hexyl)(methyl)carbamate (3) To a solution of (+)-JQ1 (25 mg, 0.055 mmol)
in 2 mL DCM was added 0.4 mL TFA. The resultant solution was stirred at room temperature for
1 h, and then concentrated in vacuo to obtain free amine as TFA salt, which was dissolved in 0.8
mL DMF. To this solution was added terz-butyl methyl(6-(methylamino)hexyl)carbamate (16 mg,

0.065 mmol) in 0.5 mL DMF, DIEA (35mg, 0.28 mmol) and HATU (24 mg, 0.064 mmol) in

32



sequence. The mixture was stirred at r.t. for 6 hours. Then purified by preparative HPLC to provide
intermediate 3 (15 mg, 43%). LC/MS (ESI) m/z =627 (M + H)+.

(+)JQ1-ROX. To a solution of 3 (15 mg, 0.024 mmol) in 2 mL DCM was added 0.4 mL TFA. The
resultant solution was stirred at room temperature for 1 h, and then concentrated in vacuo to obtain
free amine as TFA salt, which was dissolved in 1 mL DCM again. To this solution DIEA (16mg,
0.12 mmol) and ROX-NHS ester (13mg, 0.021 mmol) were added in sequence. The mixture was
warmed to 40°C and kept overnight. The mixture was concentrated in vacuo, then purified by

preparative HPLC to provide (+)JQ1-ROX (6 mg, 28), LC/MS (ESI) m/z = 1043 (M + H)+.

Immunofluorescence with DNA FISH

MCEF7 cells were grown in estrogen-free DMEM for 3 days on Poly-L-ornithine coated coverslips
in 24 well plates at an initial seeding density of 50,000 cells per well. Cells were then treated with
vehicle, 10nM estradiol, or 10nM estradiol and 5uM 4-hydroxytamoxifen for 45 minutes. HCT116
cells were treated with 1uM JQI for 24 hours, followed by cell permeabilization (10min at 37°C
with the solution of tx100 in PBS at 1:1000 in media) and subsequently DMF or 50uM Cisplatin

for 6 hours.

Cells on cover slips were then fixed in 4% paraformaldehyde. Immunofluorescence was performed
as described above. After incubating the cells with the secondary antibodies, cells were washed
three times in PBS for 5min at RT, fixed with 4% PFA in PBS for 10min and washed three times
in PBS. Cells were incubated in 70% ethanol, 85% ethanol and then 100% ethanol for 1 minute at
RT. Probe hybridization mixture was made mixing 7uL. of FISH Hybridization Buffer (Agilent

G9400A), 1ul of FISH probes (SureFISH 8q24.21 MYC 294kb G101211R-8) and 2uL of water.
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SuL of mixture was added on a slide and coverslip was placed on top (cell-side toward the
hybridization mixture). Coverslip was sealed using rubber cement. Once rubber cement solidified,
genomic DNA and probes were denatured at 78°C for 5 minutes and slides were incubated at 16°C
in the dark O/N. The coverslip was removed from slide and incubated in pre-warmed Wash Buffer
1 (Agilent, G9401A) at 73°C for 2 minutes and in Wash Buffer 2 (Agilent, G9402A) for 1 minute
at RT. Slides were air dried and nuclei were stained in 20um/mL Hoechst 33258 (Life
Technologies, H3569) in PBS for 5 minutes at RT. Coverslips were washed three times in PBS,
followed by mounting the coverslip onto glass slides, sealing, imaging, and post-processing as

described above.

RT-gPCR

MCFT7 cells were estrogen deprived for 3 days then stimulated with either 10nM estrogen or 10nM
estrogen and S5uM 4-hydroxytamoxifen for 24 hours. RNA was isolated by AllPrep Kit (Qiagen
80204) followed by cDNA synthesis using High-Capacity cDNA Reverse Transcription Kit
(Applies Biosystems 4368814). qPCR was performed in biological and technical triplicate using
Power SYBR Green mix (Life Technologies #4367659) on a QuantStudio 6 System (Life
Technologies). The following oligos was used in the ¢PCR; Myc fwd
AACCTCACAACCTTGGCTGA, MYC rev TTCTTTTATGCCCAAAGTCCAA, GAPDH fwd
TGCACCACCAACTGCTTAGC, GAPDH rev GGCATGGACTGTGGTCATGAG. Fold change

was calculated and MYC expression values were normalized to GAPDH expression.

LAC binding assay
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Constructs were assembled by NEB HIFI cloning in pSV2 mammalian expression vector
containing an SV40 promoter driving expression of a mCherry-Lacl fusion protein. The
intrinsically disordered region of MED1, HP1a, or the activation domain of ESR/ was fused by
the c-terminus to this recombinant protein, joined by the linker sequence GAPGSAGSAAGGSG.
For experiments comparing FLTX1 enrichment at the array, U20S-Lac cells were plated onto
chambered coverglass (1.5 Borosilicate Glass, Nunc Lab-Tek, 155409) and transfected with either
MEDI1 IDR or HPla constructs with lipofectamine 3000 (Thermofisher L3000015). After 24
hours, cells were treated with either 1TuM FLTXI1 or vehicle (DMF). After 30 minutes, cells were
imaged on the Zeiss LSM 880 confocal microscope with Airyscan detector with 63x objective at
37°C. For experiments with high MED1, cells grown in DMEM were plated on glass coverslips
and transfected using lipofectamine 3000 (Thermofisher L3000015). A construct with a
mammalian expression vector containing a PGK promoter driving the expression of MED1 fused
to GFP was co-transfected in high MEDI1 conditions. 24 hours after transfection, cells were treated
for 45 minutes with 4-Hydroxytamoxifen (Sigma-Aldrich H7904) reconstituted in DMSO.
Following treatment, cells were fixed and immunofluorescence was performed with a MEDI1
antibody as described above. Cells were then imaged using the RPI Spinning Disk confocal

microscope with a 100x objective. Images were post-processed in FIJI.

For analysis of Lac array data comparing MED1 or HP1a tethered, a region of interest was called
using the signal in the Lac array (561 channel). The average fluorescent signal for FLTX1 (488
channel) was then measured in the region of interest and divided by the average fluorescence in
the region of interest at the Lac array. This value was then divided in the drug treated condition by

the vehicle treated condition and all values were normalized to the HP1a condition. For analysis

35



of Lac array data for MED1 overexpression, enrichment was calculated by dividing the average
fluorescent signal for MED1 immunofluorescence at the region of interest, defined by the ER
tethered at the lac array, by MEDI immunofluorescence signal at a random nuclear region.
Enrichment of MED1 was plotted over each concentration of tamoxifen in wildtype or high MED1

conditions.

Western blot

Cells were lysed in Cell Lytic M (Sigma-Aldrich C2978) with protease inhibitors

(Roche, 11697498001). Lysate was run on a 3%—8% Tris-acetate gel or 10% Bis-Tris gel or 3-8%
Bis-Tris gels at 80 V for ~2 hrs, followed by 120 V until dye front reached the end of the gel.
Protein was then wet transferred to a 0.45 pm PVDF membrane (Millipore, IPVH00010) in ice-
cold transfer buffer (25 mM Tris, 192 mM glycine, 10% methanol) at 300 mA for 2 hours at 4°C.
After transfer the membrane was blocked with 5% non-fat milk in TBS for 1 hour at room
temperature, shaking. Membrane was then incubated with 1:1,000 of the indicated antibody (ER
ab32063, MEDI ab64965) diluted in 5% non-fat milk in TBST and incubated overnight at 4°C,
with shaking. In the morning, the membrane was washed three times with TBST for 5 minutes at
room temperature shaking for each wash. Membrane was incubated with 1:5,000 secondary
antibodies for 1 hr at RT and washed three times in TBST for 5 minutes. Membranes were
developed with ECL substrate (Thermo Scientific, 34080) and imaged using a CCD camera or
exposed using film or with high sensitivity ECL. Quantification of western blot was performed

using BioRad image lab.
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Fig. S1.

Figure S1
A Nuclear Condensates in Mouse Embryonic Stem Cells
Transcriptional Splicing Heterochromatin Nucleolar
Cells With MED1 BRD4 SRSF2 HP1a FIB1 NPM1
Tagged Nuclear
Condensates

. Imaging

B Tumor Tissues
. . " AJCCMICC
Type Tumor Grade | Age Sex Biosample Diagnosis Stage Group Other
Breast Grade Il 84 | Female | Infiltrating ductal carcinoma T2N1MO ER+
PR+
Hercep test-0
Post Menopausal
Colon Grade Il 63 | Female Adenocarcinoma T2NXMO
C H&E stain H&E stain
ER+ breast carcinoma Colon adenocarcmoma

Figure S1. Nuclear condensates in cell lines and human tumor tissue. (A) Mouse embryonic stem

cells expressing either endogenously mEGFP-tagged proteins (MED1, BRD4, SRSF2), mCherry-

tagged proteins (HP1a) or transfected with constructs expressing GFP-tagged proteins (NPM1,

FIB1) were imaged by confocal fluorescent microscopy. (B) Clinical data from biopsied breast

and colon cancer specimen. (C) H&E staining of ER positive breast carcoinoma and colon

adenocarcinoma.
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Fig. S2.

Figure S2
A
Percent Nuclear Volume of Nuclear condensates

Transcriptional Splicing Heterochromatin Nucleolar Total

MED1 BRD4 SRSF2 HPla FIB1 NPM1
Normal Breast Tissue 21+/-69% 18+/-2.0% 7.3+/-0.2% 2.8 +-1.2% 11+/-1.4% 83+/-1.2% 33.3%
Malignant Breast Tissue 2.8 +/-2.0% 1.9+/-3.3% 6.9 +/-4.3% 2.9 +/-3.3% 7.6+-23% 58+-33% 27.9%
Normal Colon Tissue 4.1+/-1.0% 10 +/-3.7% 4.9 +/- 1.6% 7.9 +/-3.7% 11+/-9.9% 6.6 +/-1.5% 44.5%
Malignant Colon Tissue 2.6 +/-1.5% 2.0+/-0.8% 6.1 +/-2.1% 8.8 +/- 7.2% 13+4/-7.3% 10+/-11% 42.5%
B

Average Volume of Nuclear condensates
Transcriptional Splicing Heterochromatin Nucleolar
MED1 BRD4 SRSF2 HPla FIB1 NPM1

Normal Breast Tissue 0.021 +-0.018  0.026 +/-0.013 0.018 +/-0.005 0.052 +/-0.028 0.059 +/-NA  2.653 +/- 2.209
Malignant Breast Tissue  0.015+/-0.003  0.028 +/-0.005 0.037 +--0.026 0.018 +/- 0.009 0.143 +/- 0.119 0.816 +/- 0.692

Normal Colon Tissue 0.034 +/- 0.008 0.084 +/-0.055 0.039 +/-0.009  0.048 +/-0.015 0.762 +/- 0.957 0.950 +/- 0.861
Malignant Colon Tissue  0.040 +/- 0.017 0.023 +/- 0.004 0.046 +/- 0.007  0.038 +/-0.023  0.927 +/- 1.521 0.431 +/- 0.270

C Average Number of Nuclear condensates
Transcriptional Splicing Heterochromatin Nucleolar
MED1 BRD4 SRSF2 HP1la FIB1 NPM1
Normal Breast Tissue 93 +/- 54.9 53 +/- 20.9 37 +/-20.5 55 +/- 57.3 18 +/- NA 4+-52
Malignant Breast Tissue 78 +/-41.1 72 +/- 28.0 32 +/-16.1 133 +/- 81.0 21 +/-6.4 8 +/- 6.0
Normal Colon Tissue 60 +/-7.9 15+/-8.1 47 +/-20.1 74 +/-49.2 10 +/- 10.4 5+/-2.9
Malignant Colon Tissue 24 +/-12.9 66 +/-19.3 47 +/- 28.9 42 +/-18.9 13 +/- 14.6 11+/-7.4

Figure S2. Volume and number of nuclear condensates in normal and tumor tissue. (A) Volume
of nuclear condensates in normal and malignant breast tissue (upper) and in normal and malignant
colon tissue (lower). Values indicate percent nuclear volume and standard deviation. There were
no significant differences between the individual nuclear condensates in normal and malignant
states. (B) Table showing average volume of nuclear condensates in normal and malignant tissue.

(C) Table showing average number of nuclear condensates in normal and malignant tissue.
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Fig. S3.

Figure S3
A Constructs used for purifying nuclear condensate proteins
MEDL | AR RS - |
1 600 1581
BRD4 [ " IDR )
1 948 1351 1362
SRSF2 | IDR |
1 64 221
HP1a | IDR |
1 47 125 191
Fer [ DR |
1 93 321
NPM1 | IDR |
1 112 216 294
B
Aromatic Amino Acid Analysis
Full-length Protein IDR
F W Y Total F w Y Total
MED1 40 4 26 70 19 1 10 30
BRD4 25 5 18 48 10 1 2 13
FIB1 13 1 7 21 6 0 0 6
HP1a 6 4 5 15 3 1 1 5
SRSF2 4 0 9 13 0 0 4 4
NPM1 7 2 4 13 2 0 0 2
Basic/Acidic Patch Analysis
Total IDR
CIE+ CIE- CIE+ CIE-
MED1 11 10 7 3
BRD4 11 9 3 3
FIB1 3 0 2 0
HP1a 4 4 3 1
SRSF2 4 2 4 2
NPM1 3 4 3 2

Figure S3. Nuclear condensate forming proteins. (A) Schematic representation of constructs used
for purifying nuclear condensate proteins. The IDR (intrinsically disordered region) alone was
used for MED1 and BRD4 proteins and the full length was used for HP1a, SRSF2, NPM1, and

FIB1 proteins. (B) (Upper) Number of hydrophobic amino acids Phenylalanine (F), Tryptophan
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(W), and Tyrosine (Y) in the IDR and full-length protein. MED1 IDR has the highest number of
hydrophobic residues. (Lower) Table of Positive Charged Interaction Elements (CIE+) and
Negative Charged Interaction Elements (CIE-) of the IDR or full length nuclear condensate protein
(63). These results indicate that MED1 protein might participate in interactions governed by the

pi-system.
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Fig. S4.

Figure S4
A In Vitro Droplet assay
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Figure S4. In vitro droplets of condensate forming proteins. (A) Confocal microscopy of in vitro
droplet formation assays of the indicated GFP-tagged protein in 125mM NaCl and 10% PEG.
MEDI1 and BRD4 proteins are the IDR portion only. (B) Confocal microscopy images of MEDI,
BRD4, SRSF2, HP1a, FIB1, and NPM1 nuclear condensates at the indicated concentration of salt
(125mM, 350mM, 650mM, 1000mM NaCl), experiments were performed with 10uM protein in

10% PEG.
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Figure S5
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Figure S5. Schematic representation of enrichment ratio calculations. Droplets are defined in the

protein channel and maximum intensity of drug is measured in that area to obtain drugin (left

panel), background is measured in the drug channel in areas defined by the protein channel in an

in vitro droplet reaction containing protein but no drug (middle panel), and drugdifuse intensity is

measured in a droplet reaction without the protein (right panel).
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Fig. S6.

Figure S6
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Figure S6. Small molecule partitioning in nuclear condensates. (A) Confocal microscopy of in

vitro droplet formation assays of the indicated small molecule alone (4.4kDa dextran, fluorescein,

and hoechst) without any protein added to the reaction. All small molecules alone show a diffuse
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fluorescent signal indicating that the molecule alone does not form droplets. (B-C) Confocal
microscopy images showing the behavior of hoechst (B) and 4.4kDa dextran (C) relative to six
nuclear condensates formed in vitro, in 125mM NaCl and 10% PEG. Quantification shown to the
right, error bars represent SEM. Both hoechst and dextran diffuse freely through the condensates
tested without being excluded or concentrated. Schematic of the assay shown at top. (D) Confocal
microscopy images of fluorescently-labeled 4.4kDa, 10kDa, 40kDa, and 70kDa dextran in MEDI1
condensates. Experiments were performed with 10uM protein and 0.1mg/ml TRITC-labeled
dextran, in 125mM salt and 16% ficoll. Dextran of smaller sizes (4.4kDa and 10kDa) are able to
freely diffuse through the condensates while larger sizes of dextran (40kDa and 70kDa) are
partially excluded from MEDI1 condensates. This indicates that the effective pore sizes of the

condensates studied is at least 10kDa (635).
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Fig. S7.

Figure S7
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Figure S7. Properties of small molecule drugs, not their fluorescent moiety, govern partioning into

condensates. (A) Confocal microscopy of in vitro droplet formation assays of the indicated small

molecule drug alone (cisplatin, FLTX1, THZ1, mitoxantrone, and JQ1) without any protein added
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to the reaction. All small molecule drugs alone show a diffuse fluorescent signal indicating that
the molecules alone do not form droplets. (B) ROX and Texas Red enrichment in MED1 droplets
formed in 125mM NacCl and 10% PEG measured by confocal microscopy. Neither of the two dyes
used to visualized drugs were enriched in MED1 condensates. (C) Schematic of in vitro droplet
drug chase out experiment. Labeled cisplatin is added to MEDI1 droplets to form MED1 droplets
concentrated with cisplatin-TR. Unlabeled transplatin or unlabeled cisplatin is added to the droplet
mixture and the amount of labeled cisplatin-TR remaining in the droplet is measured after chase
out. Transplatin, a clinically ineffective trans-isomer of cisplatin, is not able to chase out cisplatin-
TR, while high concentrations of unlabeled cisplatin is able to chase out cisplatin-TR. (D)
Schematic of in vitro droplet drug chase out experiment. Graph showing FLTX1 enrichment in
MED1 droplets upon tamoxifen addition measured by confocal microscopy. Tamoxifen was able

to chase-out FLTX1 from MED1 droplets. All error bars shown represent SEM.
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Fig. S8.

Figure S8

A Quantitative Phase Microscopy
of MED1 Droplets In Vitro
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Cisplatin-TR(UM) 2 4 6 8
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Partitioning
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Figure S8. Small molecule drugs can be concentrated into MED1 condensates by 100-folds. (A)
Quantitative phase microscopy of MEDI1 droplets formed in 125 mM NaCl and 10% PEG.
Colorbar indicates optical phase delay, ¢, in degrees. From phase images, we calculate the average
MEDI concentration in individual condensates. (B) Graph showing MED1 concentration in in

vitro droplets upon the addition of no drug, 5 uM cisplatin or 50 uM mitoxantrone. Datapoints are
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population averages (n = 272, 115 and 85 individual condensates for each condition). Error bars
denote standard deviation. (C) Varying concentration of cisplatin or Mitoxantrone was added to
MEDI1 droplets and the concentration of drug remaining in solution was measured by uv-
spectroscopy. Combining the spectroscopy measurements with an estimate of the total volume of
the MED1 condensate phase obtained from the measurements in (B), we estimate the partition

ratio of cisplatin to be up to 600-fold and the partitioning ratio of Mitoxantrone to be approximately

100-fold.
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Fig. S9.

Figure S9
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Figure S9. Association of drug targets with transcriptional condensates. (A) Immunofluorescence
of MEDI, HPla, CDK7, ER, and BRD4 together with MYC RNA FISH. Consistent with the

finding that MEDI1, a marker of transcriptional condensates, is present in puncta at the MYC
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oncogene, CDK7, ER, and BRD4 are also found in puncta at MYC. These results mirror those
obtained by ChIP-Seq at this locus. In contrast, signal for HP1a, a marker of heterochromatin
condensates, is not found at MYC. Average and random image analysis shown to the right. (B)
(Top) Schematic of in vitro droplet assay showing mixing of nuclear condensate protein (MED1
or HP1a) with various drug target proteins (CDK7, ER, or BRD4), with partitioning into the
nuclear condensate measured by confocal microscopy. (Middle) In vitro droplet assays with
MEDI, ER, HP1a and BRD4 at 10uM, CDK?7 at 200nM. Droplets are formed in 125mM NaCl,
10% PEG and droplet formation buffer. All drug targets tested were concentrated in MEDI1
condensates. ER was found to be concentrated both in MED1 and HP1a condensates, consistent
with previous reports and its ability to associate with both co-activators and co-repressors (/2,
66). (Bottom) Quantification of target protein enrichment in the indicated condensates, error bars

represent SEM.
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Fig. S10.
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Figure S10. Partitioning behavior of various small molecule drugs in whole Mediator complex.
Confocal microscopy images of drugs (THZ1, mitoxantrone, cisplatin, FLTX1, fluorescein, and
4.4kDa dextran) in whole mediator complex condensates. Mediator was imaged in brightfield
while the small molecule was imaged by the channel in which it fluoresces. Experiments were
performed in 10% PEG and 125mM NaCl. The partitioning behavior of various small molecule
drugs into whole Mediator complex recapitulate the partitioning behavior of drugs into MED1

condensates. Quantification of enrichment shown to the right, error bars represent SEM.
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Fig. S11.

Fgure S11
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Figure S11. Partitioning behavior of various small molecule drugs into MED1 condensates formed

MED1

Small
Molecule
Enrichment Ratio

Merge

in ficoll. Confocal microscopy images of small molecule drugs (THZ1, mitoxantrone, cisplatin,
FLTXI1, fluorescein, and JQ1) concentration behavior in MED1 condensates in the presence of
125mM NaCl and 20% ficoll. The partitioning behavior of small molecules are similar regardless
of crowder used to form MEDI droplets. Quantification of enrichment shown to the right, error

bars represent SEM.
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Fig. S12.
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Figure S12. Cisplatin molecules are highly mobile in MED1 droplets. (A) Confocal microscopy
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images showing fluorescence recovery after photobleaching (FRAP) of TR-cisplatin and MED1
in condensates formed in the presence of 125mM NaCl and 10% PEG with 5uM TR-cisplatin and

10uM protein. (B) Quantification of FRAP (error bars represent SEM).
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Fig. S13.
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Figure S13. Specific chemical moieties govern concentration in MED1 condensates. (A) Depiction
of small molecule boron-dipyrromethene (BODIPY) library. (B) Fluorescence intensity of probe
library in MEDI1 droplets measured by confocal microscopy. Experiments were performed in

125mM NaCl and 10% PEG, with 10uM MEDI and 1uM small molecule. The fluorescence of
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the BODIPY molecule alone is highlighted in red. (C) Fluorescent intensity of a random selection
of 18 probes from the library without MEDI1 protein demonstrating they have similar fluorescent
intensity. (D) Top 5 (left) and bottom 5 (right), R2 and R1 sidechains, ranked by fluorescent
intensity. This screen of 81 compounds suggests that pi-system interactions mediate compound
accumulation in condensates, a larger screen will further define the chemical features that mediate

this phenomenon.
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Fig. S14.

Figure S14
A Enrichment of Top Hit Bodipy Probe
MED1 BRD4 SRSF2 HPla FIB1
£
Q
S
o
k)
=73
£8
» o
=
(9]
<
[}
=
B
MEDL1 IDR
T T T [ T T I I [TIT 11
600 Aromatic Residues ( | x 30) 1581
[T T1T [ TT W AN T T T 0 T T T ]
600 Basic Residues ( | x 114) 1581
D N
Top Hit Bodipy Probe
Aromatic
Top Hit Bodipy Probe Mutant
Moieties MED1 MED1
/// o
HO\// 8
rd
=
Q
£
=
2
c
[
mr{
E Cisplatin
Aromatic
Mutant
MED1 MED1
c
3 12
<
o o
T
4
I g 6
< —
g £
() =
L =y
2 0 ;
(5} N S &y
= QO 0" &
é@ é@$p§g

NPM1

Enrichment Ratio

SR IACR AN
FELEEL
C Basic Aromatic
Mutant Mutant
MED1 MED1 MED1

Protein

Y
§ S
¥ S

F
MEDL1 IDR Number
Conservation of Aromatic Residues FIYIW
Human T IIIT_TTT T T T 30
Mouse [ T[T JOINT TTT T T TIII] =30
Chicken [_] | 30
Frog [T MMM TT7 [ [ T 29
Fish (T T TMITT T [T TTM 28
600 1581

56



Figure S14. Aromatic residues of MEDI contribute to small molecule partitioning into MED1
condensates but are dispensable for condensate formation. (A) Confocal microscopy images of
MEDI1, BRD4, SRSF2, HP1a, FIB1, and NPM1 nuclear condensates formed in 125mM NaCl and
10% PEG together with SuM of the small molecule probe that ranked the highest in fluorescent
intensity within MEDI1 condensates. The probe was specifically concentrated into MEDI1
condensates, indicating that chemical features of the probe selectively interact with those of MED1
condensates. The top-ranking probes that concentrated in MED1 condensates showed a preference
for BODIPY molecules that are modified with an aromatic ring. This suggests that the pi-system
might be contributing to the interaction between small molecules and MED1. (B) Schematic of the
MEDI1 IDR mutant proteins. The pi-system governs the interactions of supramolecular assemblies,
where pi-pi or pi-cation interactions play prominent roles. To test if these interactions govern small
molecule partitioning into MED1 condensates, and encouraged by the observation that the MED1
IDR is enriched for both aromatic and basic amino acids residues relative to other proteins studied
here (Figure S3B), we generated an aromatic MED1 IDR mutant (all 30 aromatic residues changed
to alanine) and a basic MED1 IDR mutant (all 114 basic residues changed to alanine). (C) We
tested the ability of MED1 mutants to form droplets by confocal microscopy using MEDI1
wildtype, MEDI basic mutant (all basic amino acids replaced with alanine), and MED1 aromatic
mutant (all aromatic amino acids replaced with alanine) in the presence of 125mM NaCl and 10%
PEG. The MED1 basic mutant showed an impaired ability to form droplets in vitro, indicating that
the basic residues of MED1 are required for the homotypic interactions that govern droplet
formation. The MED1 aromatic mutant formed droplets similar to those of MED1 wildtype
protein. (D) Role of MED1 aromatic residues in incorporation of aromatic small molecule probes.

Confocal microscopy images and their quantification for the top hit BODIPY probe together with
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MED1 or MED1 aromatic mutant, which show that the partitioning behavior of the aromatic probe
into MED1 aromatic mutant droplets is substantially reduced. Experiments were performed in 10%
PEG and 125mM NaCl with 10uM protein and 5uM small molecule. (E) Confocal microscopy
images and their quantification for cisplatin together with MED1 or MED1 aromatic mutant, which
show that the partitioning behavior of cisplatin into MEDI aromatic mutant droplets is
substantially reduced. Experiments were performed in 10% PEG and 125mM NaCl with 10pM
protein and S5uM cisplatin-TR. Taken together, these results suggest that the pi-system contributes
to small molecule partitioning into MED1 condensates. (F) Conservation of aromatic amino acids
in the MED1 IDR across species, with the total number of aromatic residues for each species. All

error bars represent SEM.
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Figure S15. DNA can be compartmentalized and concentrated in nuclear condensates. (Top)
Schematic of droplet assay showing protein, DNA, and cisplatin mixed in droplet forming
conditions, then spun down to separate the droplet phase from the dilute phase. The amount of
DNA in the two phases is subsequently measured using a Bioanalyzer. DNA is enriched in MEDI1

and HP1a droplet phase (left) compared to MED1 and HP1a dilute phase (right).
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Figure S16. Concentration of small molecules in specific condensates can influence target
engagement. (A) HCT116 cells were treated with DMSO or 50uM cisplatin for 6 hours followed

by cisplatin immunofluorescence. The antibody only recognizes platinated DNA in cells treated
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with cisplatin, supporting antibody specificity. (B) (Left) mEGFP-MED1 tagged HCT116 cells
treated with JQ1 for 24 hours result in diminution of MED1 condensates. (Right) Metaplot of
MED1 ChIP-Seq in DMSO vs JQI treated HCT116 cells. (C) Cells were treated with JQ1 and
then cisplatin to determine whether diminution of MED1 condensates leads to reduced DNA
platination at MYC locus. MYC DNA FISH and MED1 immunofluorescence showed a loss of
signal for platinated DNA after JQ1 treatment, indicating that the presence of a MEDI condensate
contributes to DNA platination at this locus. (D) (Left) MED1 ChIP-Seq track at MYC in DMSO
or JQI treated HCT116 cell showing loss of MEDI1 loading after JQ1 treatment. (Right)
Quantification of cisplatin IF signal at MYC DNA FISH foci in HCT116 cells with DMSO or JQ1

treatment, error bars represent SEM.
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Figure S17. Genotyping of endogenously tagged cell lines. Schematic image and genotyping
agarose gel showing mEGFP tagged (A) MEDI, (B) HP1a, (C) FIB1 (D) NPM1, (E) BRD4, and

(F) SRSF2 in HCT116 colon cancer cells.
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Figure S18. Nuclear condensates in cells are highly dynamic. FRAP of mEGFP-tagged (A) MEDI1

and (B) HP1a in HCT116 cell lines (error bars represent SEM) (n=7).
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Figure S19. Dissolution of MED1 condensates in cells upon prolonged cisplatin treatment. (A)
HCT116 cells endogenously GFP-tagged MEDI1 treated with DMF or 50uM cisplatin for 3, 6, or
12 hours. Quantification shown to the right, error bars are SD. (B) Cell viability assay of HCT116

cells expressing GFP-MEDI treated for 12 hours with DMF or 50uM Cisplatin.
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Fig. S20.

Figure S20
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Figure S20. Effect of cisplatin on various nuclear condensates. (A) HCT116 cells bearing either
endogenously GFP-tagged MED1, BRD4, HP1a, FIB1, NPMI, or SRSF2 treated with 50uM
cisplatin for 12 hours. Cisplatin specifically disrupts MED1 and BRD4 condensates, consistent

with cisplatin and BRD4 being selectively concentrated in MED1 condensates.
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Figure S21. Decreased MED1 genomic occupancy upon cisplatin treatment. Graph shows MEDI1
ChIP-seq after 6 hours of DMSO or 50uM cisplatin treatment, MED1 genomic levels are reduced

after cisplatin treatment.
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Figure S22. Characterization of MED1 condensates in MCF7 cells. (A) Western blot of MED1 in
MCEF7 cells and MCF cells infected with MED1-mEGFP lentiviral vector. (B) FRAP of MEDI-
mEGFP in MCF7 cells expressing this fusion protein by virtue of a lentiviral vector. Quantification
shown to the right, black bars represent 95% confidence interval of the best fit line. (C) MCF7
cells expressing MED1-mEGFP were grown in estrogen-free conditions then stimulated with
100nM estrogen for 15 minutes and imaged for 4 minutes on a confocal fluorescent microscope.

(D) Quantification of size and intensity of fusing MED1 condensates shown in (C).
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Figure S23. Estrogen and tamoxifen dependent MEDI1 condensate formation at the MYC
oncogene. (A) DNA FISH and immunofluorescence in estrogen-starved MCF7 cells treated with
100nM estrogen or 100nM estrogen and S5uM tamoxifen for 24 hours. Average image analysis and

random image analysis shown to the right. (B) RT-qPCR showing relative MYC RNA expression

in estrogen-starved, estrogen stimulated, or estrogen and tamoxifen treated MCF7 cells, error bars

represent SEM.
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Figure S24. FLTX1 concentrates in MED1 condensates in cells. (Left) Schematic of MED1 or
HP1a tethered to the LAC array in U20S cells generating a MED1 or HP1a condensate. (Middle)
Representative images of isolated U20S cell nuclei with either MED1 or HP1a tethered to the
LAC array exposed to FLTX1. Zoomed image of the Lac array shown inset, merged images shown
on the right. (Right) Quantification of FLTX1 enrichment at the LAC array with either MED1 or

HP1la tethered, error bars represent SEM. ESRI1 is not expressed in this osteosarcoma cell line

(67).
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Figure S25. Patient derived hormonal therapy resistant mutations of ESR1. Plot of ER mutation

frequency derived from a 220 patient set from the cBioPortal database showing locations of ER

point mutations with hotspots at 537 and 538 (68).
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Figure S26. Enrichment ratios of ER and ER mutants in MED1 droplets. (A) Quantification of ER
or ER mutant enrichment ratios in MED1 droplets in the presence of either estrogen or estrogen
and tamoxifen. (B) (Left) Representative images of ER mutants partitioning in MED1 droplets,
enrichment ratios shown to the right. Experiments for both (A) and (B) are performed in 125mM
NaCl, 10% PEG, 10uM of each protein, 100uM estrogen with or without 100uM of the indicated

ligand. All error bars represent SD.
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Figure S27. MEDI1 overexpression in tamoxifen resistant breast cancer cells. (A) Schematic
demonstrating drug concentration in a condensate upon increase in condensate volume by scaffold
protein overexpression. Assuming limited drug in a system (see Figure 4E), the concentration of
drug in a MEDI1 droplet is expected to decrease upon condensate volume expansion (B) Western
blot of MEDI1 and Actin in MCF7 cells (tamoxifen sensitive) and TAMR?7 cells (tamoxifen
resistant derivative of MCF7) showing that MED1 levels are higher TAMRY7 cells. Quantification
from the western blot is shown below, which is an average of 3 experiments. (C) Quantification
of MEDI1 condensates in tamoxifen sensitive and resistant cell lines showing the volume of the

MEDI1 condensates and the number of condensates per nucleus.
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Figure S28. MED1 condensates increase in size with increasing MED1 concentration. (A) Droplet
size in pixels from in vitro droplet assays performed with either SuM (Low) or 20uM (High)
MED1-GFP in 125mM NaCl and 10% PEG. Quantification shown to the right, error bars represent
SD. (B) Schematic phase diagram of MED1, demonstrating that when the total concentration of

MEDI1 increases, the size of droplet increases while maintaining the concentration of protein

within the droplet phase.
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Figure S29. MED1 Condensation at the Lac Array. (A) (Left) Schematic of the Lac array assay.
U20S cells bearing 50,000 copies of the Lac binding site are transfected with a construct
expressing the Lac DNA binding domain (DBD) to the estrogen receptor ligand binding domain
(LBD). When the transcriptional apparatus is recruited to that site a mediator condensate is
detectable by immunofluorescence (/2) (Middle) U20S-Lac cells were transfected with a
construct expressing the Lac DBD fused to the ER LBD and GFP +/- a construct overexpressing
MEDI. Cells were grown in estrogen deprived media, and treated with 10nM estrogen +/- 10nM
tamoxifen then fixed and subjected to MED1 IF. Top panel shows the location of ER-LBD at the
Lac array, bottom panel shows MEDI1 IF. Inset image shows zoom. (Right) Quantification of

MEDI1 enrichment relative at the Lac array, error bars represent SD.
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Figure S30. In silico model of small molecule partitioning in condensates. To demonstrate the
behavior of a small molecule drug engaging a target contained within a condensate, we developed
a simple model in which a drug and target are both contained within a condensate with percent
target engagement as the readout. In this model, target partitioning is not affected by drug binding
(A) Table of the values used to build a model of drug engagement within condensates, derived
from known values of ER and tamoxifen. Condensate volume fraction value derived from analysis
of MED1 IF on human ER+ breast carcinoma biopsies (Figure S1A). (B) Target binding as a
function of drug concentration in simulations. The dashed line represents a system in which target
and drug are freely diffusing through the cells. Red and blue lines represent a system in which

target and drug are concentrated into a condensate. The blue line represents target engagement in
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the condensate where the drug and target are concentrated, the red line represents target
engagement in the dilute phase of the nucleoplasm. Overall, these data show that drug engages a
higher percent of target molecules inside a condensate that outside, at a given concentration. (C)
Fraction of bound target at a given concentration of drug at various partitioning coefficients of
drug. Dotted line represents the target engagement in a diffuse regime. Overall, this simulation
shows that as the partitioning coefficient of drug in a condensate increases the percent of target
bound at a given concentration. (D) Target engagement by drug in the setting of larger condensates.
Simulation of target binding as a function of drug concentration in the setting of normal condensate
volume (2% of the volume of the nucleus) versus larger condensate volume (4% of the volume of
the nucleus). Diffuse control shown by the dashed line. Overall, these data show that a drug may

be less effective in binding its target in larger condensates.
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