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ERa K303R mutation reorganizes its binding to FoxA1 regions

and induces chromatin opening.
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Supplemental materials and methods

Primers used in the study

Primers for pGL3-GREB1-ERE3-fLuc construction are as follows; forward 5'-
GCGCGGATCCGGTACCAGTGTGGCAACTGGGTCATTC-3, reverse 5-
GCGCAAGCTTCGGCCGCTCCAGTCACCACACGTGTTA-3. Underline and bold

sequences indicate genomic sequence and restriction enzyme sites, respectively.

Primers for RT-gPCR are as follows;

Forward Reverse

ERa CCTTCTTCAAGAGAAGTATTCAAGG | ATTCCCACTTCGTAGCATTTG

ERBB2 | CCCTGACCTGCTGGAAAAG GGCCGACATTCAGAGTCAAT

PGR GGATGAGCTTAATGGTGTTTGG GATTCTTTCATCCGCTGTTCA

Linker and tag sequences, and restriction sites for plasmid construction

1) ERa in pcDNAS.1(-) vector for the effector plasmid of luciferase assay
GGTACCGAGCTCGGATCTGCCACCATGGACTACAAAGACCACGACGGCGACTAC
AAAGACCACGACATAGACTACAAAGACGACGATGACAAACAT-ERa-GGATCC
Underlines, double underline, and bold sequences indicates Kpnl/BamH sites, kozak,
and triple FLAG-tag sequences, respectively. The position of ERo ORF from the 1st

methionine to STOP codon is indicated in italic letters.

2) ERa in lentiviral vector pAiLV for the ectopic expression of ERa in MDA-MB-453 cells
CGTACGCGCCGCCATGGACTACAAAGACGATGACGATAAAGCAAGAAGAGCATC
TGTGCAT-ERa-CAATTG

Underlines, double underline, and bold sequences are BsiWI/Mfel sites, kozak
sequences, and FLAG/hexa-histidine-tag sequences, respectively. The position of ERa

ORF from the 1st methionine to STOP codon is indicated in italic letters.



3) pPVT1-DIV5-HMC2AT vector for the immobilized template assay
GAATTCGATATCAAGCTTATCGATACCGTCGACCTCGAGTGCATGCCGGGGATCCT
CCCTTTACATAGGACTACTTGGTAAATATTTACTGAATGAAGGAAAGCTGAAGTAA
GATCCTCCCTTTACATAGGACTACTTGGTAAATATTTACTGAATGAAGGAAAGCTG
AAGTAAGATCCTCCCTTTACATAGGACTACTTGGTAAATATTTACTGAATGAAGGA
AAGCTGAAGTAAGATCCTCCCTTTACATAGGACTACTTGGTAAATATTTACTGAAT
GAAGGAAAGCTGAAGTAAGATCCTCCCTTTACATAGGACTACTTGGTAAATATTTA
CTGAATGAAGGAAAGCTGAAGTAAGATCTGACTTCTAGG

The underlined sequences are the EcoRI site and the Pstl site blunted by T4 DNA
polymerase. The sequence downstream of the blunted Pstl site is the sequence of the
original pGS5HMC2AT plasmid. The five FoxA1 binding sequences are shown in bold
letters. For the mutant template, FoxA1 binding sequences were replaced to
TCCCTTTACATAGGACTACTTGGTGAGGAGGTACTGAATGAAGGAAAGCTGAAGTA.

The bold letters indicate the mutated sequences.

Antibodies used in this study

Antibody Supplier Catalog Number
Anti-FLAG M2 Sigma F3165

Anti-ERa (D8H8) CST Japan 8644

Anti-FoxA1 Abcam ab23738
Anti-SRC1/NcoA1 Betyl A300-343A
Anti-NcoA2/SRC2 Betyl A300-346A
Anti-SRC-3/NcoA3 (5E11) CST Japan 2126

Anti-MED1 Betyl A300-793A
Anti- ESR1 (phospho S305) Abnova PAB12622

Cell culture medium

Penicillin-
Cell Name Medium FBS (Gibco, Streptomycin Insulin (SIGMA, Other supplements
e
10270106) | (Fujifilm, 168- 10516) PP
23191)
DMEM (Nacalai,
293T ( 10% 10%
08456-65)
DMEM (Nacalai,
Hs578T ( 10% 10ug/mi
08456-65)




MCF7

DMEM (Nacalai,
08456-65)

10%

10ug/ml

YMB-1

RPMI (Nacalai,
30264-56)

10%

HCC1143

RPMI (Nacalai,
30264-56)

10%

HCC1806

RPMI (Nacalai,
30264-56)

10%

HCC1937

RPMI (Nacalai,
30264-56)

10%

HCC70

RPMI (Nacalai,
30264-56)

10%

HCC1395

RPMI (Nacalai,
30264-56)

10%

HCC38

RPMI (Nacalai,
30264-56)

10%

T-47D

RPMI (Nacalai,
30264-56)

10%

10ug/ml

BT549

RPMI (Nacalai,
30264-56)

10%

10ug/ml

BT-20

EMEM (WAKO,
051-07615)

10%

MDA-MB-453

McCoy’s 5A
(Cytiva,
SH30200.01)

10%

SUM159PT

Ham’s F-12
(WAKO, 087-
08335)

5%

5ug/ml

Tug/ml
Hydrocortisone
(Sigma, H0888-1G)

MCF 10A

Mammary
Epithelial Cell
Growth Medium Kit
(Takara, C-21110)

MDA-MB-231

Leibovitz’'s L-15
(WAKO, 128-
06075)

10%

MDA-MB-468

Leibovitz’'s L-15
(WAKO, 128-
06075)

10%

MDA-MB-157

Leibovitz’'s L-15
(WAKO, 128-
06075)

10%

MDA-MB-436

Leibovitz’'s L-15
(WAKO, 128-
06075)

10%

10ug/ml

Sf9

SF-90011 SFM
(Gibco, 10902096)

HighFive

SF-9001l SFM
(Gibco, 10902096)

ATAC-seq and ChIP-seq

ATAC-seq and ChlP-seq were performed as described previously (1, 2) with the following




modifications. One million cells were seeded onto a 100 mm plate, cultured for 2 days,
added with 2ug Dox and/or 1nM E2, further cultured for 2 days, and then used for the
library preparation. To prepare ATAC-seq library, 5 x 10* cells per one sample were
processed for nuclear pellets preparation, and tagmentation was performed with 2.5 ul
of transposase of Tagment DNA Enzyme kit (lllumina) as described previously (1).
Prepared DNA fragments were cleaned with DNA Clean and concentrator-5 kit (Zymo
Research) and added with adaptor and index sequences by PCR with NEBNext high-
fidelity 2x PCR master mix (NEB), and then purified again with DNA Clean and
concentrator-5 kit (Zymo Research). To prepare ChlP-seq library, 2.6x10° cells were
seeded onto a 100 mm plate and treated with E2 and Dox as for ATAC-seq. Two plates
were used for each immunoprecipitation. Fixation, nuclear pellet preparation, chromatin
sharing, and immunoprecipitation were performed as described previously (2) with
modifications. Briefly, chromatin was shared by Covaris E220 sonicator with the following
setting; peak incident power=140, duty cycles=5%, cycles per burst=200, water level=8,
time=10 min. Five microliters of anti-ESR1 antibody (Cell Signaling, 8644S) were used
for one precipitation. Reverse crosslinked DNA was purified with AMPure XP beads
(Agencourt) and DNA concentration was measured by Fluorometer (Quantus). ChIP-seq
library was prepared from 2 ng of the purified DNA using SMARTer ThruPLEX DNA-seq
Kit (TAKARA). The library was then purified again with AMPure XP beads (Agencourt).
The concentration of the libraries was quantified using Fluorometer (Quantus) and KAPA
library quantification kit (Roche), and the quality was checked by TapeStation D5000
(Agilent). The pooled libraries with unique index sequences were sequenced using

MiSeq or NextSeq550 with pair-end 75 bp reads.

Data analysis
Peak calling of ATAC-seq data
1. Trimming adaptor sequences by skewer (3);
Command line: skewer -f sanger -t 12 -m pe -x adaptor_sequences_files.fa --quiet -

o ${name} ${name} R1.fastq ${name} R2.fastq



2. Quality check by fastqc;

Command line: fastqc -o fastqc -f fastq --nogroup ${name}-trimmed-pair1.fastq

${name}-trimmed-pair2.fastq

3. Pre-alignment of reads to rCRSd to remove mitochondrial sequences by bowtie2 and

samtools (4, 5);

Command line:

1.

bowtie2 -p 12 -x rCRSd -k 1 -D 20-R 3-N 1 -L 20 -i S,1,0.50 -X 2000 --no-mixed
--no-discordant -1 ${name}-trimmed-pair1.fastq -2 ${name}-trimmed-pair2.fastq -
S ${name}_pre1.sam

samtools sort -@ 12 -m 2G -n ${name}_pre1.sam > ${name} pre1.sort.oam
samtools view -@ 12 -S -f4 ${name}_pre1.sort.bam >
${name} pre1.unmapped.sam

cat ${name} prel.unmapped.sam | grep -v @ | awk 'NR%2==1 {print
"@"$1"¥n"$10"¥n+¥n"$11} > ${name}_pre1_r1.fastq

cat ${name} pre1.unmapped.sam | grep -v @ | awk 'NR%2==0 {print
"@"$1"¥n"$10"¥n+¥n"$11}' > ${name}_pre1 r2.fastq

4. Pre-alignment of reads to human repeats to remove those sequences by bowtie2

and samtools (4, 5);

Command line:

1.

bowtie2 -p 12 -x human_repeats -k 1 -D 20 -R 3 -N 1 -L 20 -i S,1,0.50 -X 2000 --
no-mixed --no-discordant -1 ${name} pre1_r1.fastq -2 ${name} pre1 r2.fastq -
S ${name}_pre2.sam

samtools sort -@ 12 -m 2G -n ${name}_pre2.sam > ${name} pre2.sort.oam
samtools view -@ 12 -S -f4 ${name}_pre2.sort.bam >
${name} pre2.unmapped.sam

cat ${name} pre2.unmapped.sam | grep -v @ | awk 'NR%2==1 {print
"@"$1"¥n"$10"¥n+¥n"$11} > ${name}_pre2_r1.fastq

cat ${name} pre2.unmapped.sam | grep -v @ | awk 'NR%2==0 {print
"@"$1"¥n"$10"¥n+¥n"$11} > ${name}_pre2_r2.fastq



5.

Alignment of reads to hg38 by bowtie2 (5);

Command line: bowtie2 -p 12 -x hg38 --very-sensitive -X 2000 --no-mixed --no-

discordant -1 ${name} pre2 r1.fastq -2 ${name} pre2 r2.fastq -S

${name}_align.sam

Removing low quality reads by samtools (4);

Command line:

1. samtools view -bS -@ 12 ${name}_align.sam > ${name}_align.bam

2. samtools sort -@ 12 ${name}_align.bam > ${name} _align.sort.temp.bam

3. samtools view -f 2 -q 10 -b -@ 12 -m 2G ${name}_align.sort.temp.bam >
${name} align.sort.bam

Removing PCR duplicates by Picard (http://broadinstitute.github.io/picard/);

Command line: java -jar picard.jar MarkDuplicates [=${name}_align.sort.bam

O=${name}.rmdup.bam M=metrics.fle VALIDATION_STRINGENCY=LENIENT

REMOVE_DUPLICATES=true

Peak calling by MACS2 (6);

Command line: macs?2 callpeak -t ${name}_align.sort.bam -n ${name} -f BAM -g hs

--shift -75 --extsize 150 --nomodel --call-summits --nolambda --keep-dup all -q 0.01

--outdir peak

Peak calling of ChiP-seq data

1.

2.

Quality filtering by FASTX-toolkit (http://hannonlab.cshl.edu/fastx_toolkit);
Command line: fastq_quality filter -9 25 -p 90 -i ${name} R1.fastq -o
${name}.qc.fastq

Alignment of reads to hg38 by bowtie2 (5);

Command line: bowtie2 -p 12 -x hg38 -U ${name}.qc.fastq -S ${name}.sam
Removing multi-mapped reads;

Command line:

grep -v "XS" ${name}.sam > ${name}.ug.sam

samtools view -Shb ${name}.ug.sam > ${name}.uq.bam



samtools sort -@ 12 -m 2G ${name}.uq.bam > ${name}.uqg.sort.bam

4. Removing duplicated reads by Picard (http://broadinstitute.github.io/picard/);
Command line: java -jar picard.jar MarkDuplicates INPUT=${name}.uq.sort.bam
OUTPUT=%${name}.drm.bam METRICS_FILE=${name}.out.metrics AS=true
REMOVE_DUPLICATES=true VALIDATION_STRINGENCY=LENIENT

5. Removing reads included in the black list by Bedtools (7);
Command line: intersectBed -abam ${name}.drm.bam -b hg38.blacklist.bed —v
>${name}.drm.blalst.bam

6. Peak calling by MACS2 (6);
Command line; macs2 callpeak -t ${name}.drm.blalst.bam -n ${name}.drm.blalst -g

hs --keep-dup auto

Other data analysis

Differential binding affinity analysis (DBA) and Principal component analysis (PCA) were
performed by R bioconductor package “Diffbind”
(http://bioconductor.org/packages/release/bioc/html/DiffBind.html).  Condition- and
clone-specific peaks were extracted by “mergepeaks” utility of Homer software (8) with
options of “-d given”. Enrichment analysis of transcription factor binding motif at peak
groups was performed by findMotifsGenome.pl utility of Homer software with the option
of “hg38 -size 200”. ERa-ACR peaks were selected by intersectBed utility of Bedtools
(7) by intersecting ChlP-seq peaks by ATAC-seq peaks. Actual motif presence at each
ChlIP-seq peaks and ERa-ACR were counted by intersecting those peaks with bed files
of each transcription factor in Homer software package. ERE half-site bed files were
created from the sequence information of ERE half-site (Motif ID#M00959, MotifMap,
http://motifmap.ics.uci.edu) by seqg2profile.pl and scanMotifGenomeWide.pl of Homer
software. Heatmap of peak intensity and average peak density profile were prepared by
NGSplot (9). When enrichment and rate of TFBM were compered among WT, Y537S,
and K303R peak groups (Fig. 3C, 4C, 5A, and 5B), only remarkably enriched TFBMs

(see each legend of figures) of transcription factors expressed in MDA-MB-453 cells



(Supplemental Table X) identified from data of public RNA-seq analysis (GSE85870) and

own scRNA-seq analysis of each clone (unpublished data).

Immobilized template assay.

Immobilized template assays (ITA) were performed as described previously (10) with
modifications. For ITAs with recombinant proteins, a biotinylated DNA fragment with
tandem unique binding sequences for Gal4, ERa, and FoxA1 was amplified from the
pG5HMC2AT, p4ERE-d53, and pPVT1-DIV5-HMC2AT, respectively, by PCR with a
biotinylated M13R and M13F primer set. Two and a half microliters of the Dynabeads
M280 streptavidin (Invitrogen) were immobilized with 100 ng template DNA and
incubated with 50 pl of the blocking buffer (50 mM Tris-HCI pH7.9 at 4°C, 100 mM KClI,
0.01% NP40, 10 mM DTT, 0.5 mM PMSF, 8 nug/ml single strand salmon sperm DNA
[Thermo Fisher Scientific], 8 ug/ml polydl-dC [Sigmal], 50 ug/ml BSA) at 30°C for 15 min.
Then, the 200 ng of recombinant protein in wash buffer (50 mM Tris-HCI pH7.9 at 4°C,
100 mM KCl, 0.01% NP40, 0.5 mM DTT, 0.5 mM PMSF) was directly added to the beads
in blocking buffer and mixed at 30°C for 30 min with a continuous rotation. The beads
were then washed three times at room temperature with 400 pl wash buffer. The
template-bound proteins were finally eluted in 30 ul of SDS-PAGE sample buffer by
boiling and subjected to SDS-PAGE followed by immunoblotting with specific antibodies
to detect proteins as indicated in the figures. For ITA with the nuclear extract, 200 ng of
the FoxA1 template were mixed with total 20 ul of the nuclear extracts including 50 ug
total proteins derived from MDA-MB-453 expressing WT ERa and K303R ERa mutant

which were adjusted to 100 mM KCI, instead of the recombinant proteins.
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