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The oestrogen receptor (ER or ERa), anuclear hormone receptor that drives most
breast cancer, is commonly activated by phosphorylation at serine 118 within its
intrinsically disordered N-terminal transactivation domain??. Although this
modification enables oestrogen-independent ER function, its mechanism has

remained unclear despite ongoing clinical trials of kinase inhibitors targeting

this region* ¢, By integration of small-angle X-ray scattering and nuclear magnetic
resonance spectroscopy with functional studies, we show that serine 118
phosphorylation triggers an unexpected expansion of the disordered domain

and disrupts specific hydrophobic clustering between two aromatic-rich regions.
Mutations mimicking this disruption rescue ER transcriptional activity, target-gene
expression and cell growth impaired by a phosphorylation-deficient SII8A mutation.
These findings, driven by hydrophobic interactions, extend beyond electrostatic
models and provide mechanistic insights into intrinsically disordered proteins’, with
implications for other nuclear receptors®. This fundamental sequence-structure-
function relationship advances our understanding of intrinsic ER disorder, crucial
for developing targeted breast cancer therapeutics.

Breast cancer, theleading cause of cancer-related deaths among women
globally, is predominantly oestrogen receptor-positive (ER")". Ser-
ine 118 phosphorylation (pS118) by MAPK? or CDK?7 (ref. 3) enables
ligand-independent ER activation. Although CDK?7 inhibitors target-
ing this phosphorylation have shown promise in clinical trials®, the
mechanistic basis of phosphorylation-driven activation remains
unclear. We discover that Ser118 phosphorylation drives conforma-
tional changes through the disruption of hydrophobic interactions
between aromatic-rich clusters, showing how hydrophobic mutations
canrestore ER-mediated transcription.

The ER functions through two distinct domains: anintrinsically dis-
ordered N-terminal transactivation domain (NTD) and a structurally
folded C-terminal ligand-binding domain (LBD)™. Although antioes-
trogens target the LBD™?, persistent pSer118 maintains ER activity
despite treatment*®, This resistance mechanism has prompted CDK7
inhibitor development®. However, unlike direct androgenreceptor NTD
inhibitors™?®, current CDK7 inhibitors affect the ER-NTD indirectly.

Current structural techniques like cryoelectron microscopy' and
computational tools such as AlphaFold” cannot effectively characterize
these disordered domains, and limited biophysical data’®* have con-
strained our understanding of phosphorylation-triggered activation.
Our findings show that pSer118 regulates ER activity by disruption of
specific hydrophobicinteractions rather than electrostatic effects,
separating aromatic-rich clusters within the ER-NTD. This mechanism
providesinsightsinto phosphorylation-regulated disorder in transcrip-
tion factor function.

Residual structure by amino acid clusters

To characterize the biophysical properties of the disordered ER-NTD
(184 residues; Fig. 1a and Extended Data Fig. 1a), we integrated
size-exclusion chromatography-coupled, small-angle X-ray scatter-
ing (SEC-SAXS) and nuclear magnetic resonance (NMR) spectroscopy.
SEC-SAXS measurements (Extended Data Fig. 1b,c) yielded precise
dimensional parameters of ER-NTD, improving on our previous flow-cell
set-up?. Analysis showed a Flory exponent (v) of 0.51and a radius of
gyration (R,) 0of 33.9+ 0.2 A (Extended Data Fig. 1d,e), determined
through empirical molecular form factor fitting?2. The Kratky plot dem-
onstrates ER-NTD’s structural disorder relative to folded C-terminal
domains (Fig.1b and Extended Data Fig. 1d), whereas pairwise distance
distribution derived from SEC-SAXS data indicates a more compact
conformation than that predicted by flexible-meccano calculations®
(Fig. 1b), suggesting the presence of residual structures and tertiary
interactions within the disordered ER-NTD.

Our NMR analysis at 400 puM protein concentration achieved
near-complete (over 98%) resonance assignments (Fig. 1c and
Extended Data Fig. 2a), advancing previous studies that lacked
assignments’®2°, The 'H-®N heteronuclear single-quantum coher-
ence (HSQC) spectrum shows narrow proton chemical shift disper-
sion, characteristic of intrinsic disorder (Fig. 1c). Analysis of C, and
C; chemical shifts shows minimal persistent secondary structures,
except for two short alanine segments (A64-A68 and A86-A88)
showing transient helical features with propensity of approximately
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Fig.1|Hydrophobic clusteringin ER-NTD. a, ER-NTD sequence highlighting
charged (negative, light red; positive, light blue) and aromatic residues (light
green), withSerl18inred box. b, Top, Kratky plot of SEC-SAXS data (4 °C).
Errorbars, /(q) propagated uncertainties. Bottom, pairwise distance
distribution (solid line, SAXS-EOM?%2; circles, GNOM?>3; dashed line, flexible-
meccano®). ¢, 'H-*NHSQC spectrum (850 MHz) (see Extended DataFig. 2a
forassignments). d, Secondary structure propensity from'H, ®*N and *C

(C% CPand C’) chemical shifts using disordered protein algorithm®*. Low
scoresindicate minimal structure. e, >N amide R,/R, ratios showing two

30% (Fig. 1d). These well-resolved NMR spectra provide unprece-
dented residue-specific detail of ER-NTD conformational features.
Measurements of longitudinal (R,) and transverse (R,) relaxation
rates (Extended Data Fig. 3a) identified two regions with restricted

clusters—cluster I (residues 43-81) and cluster 11 (108-152)—identified by two-
cluster Gaussian fitting (Supplementary Methods). Shaded regions, higher
R,/R,ratios; top, aromaticresidues. Error bar, standard deviation propagated
from R, and R, uncertainties. f, Schematic of paramagnetic effect between
nitroxide-spin (yellow) and NMR-active nucleus (blue). g, PRE profiles
following MTSL spin labelling at six cysteine mutants. Peak intensity ratio
(Ioara/l4in) indicates spin label-amide proton distances. Yellow circles, spin
label position; dashed lines, predicted random coil effect?. /(g), normalized
scatteringintensity; g, scattering vector amplitude.

backbone mobility**?: cluster I (residues 43-81) and cluster Il (resi-

dues108-152), characterized by elevated R,/R, ratios (Fig. 1e). These
clusters correspond to residual structures and explain the compact
conformation observed in SEC-SAXS data.
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Fig.2|pSerl18induces conformational changes. a,"H-"NHSQC spectra
overlay: WT (blue), S118D (red), and pS118 (dark red), with notable chemical
shift changes annotated. Circled peaks magnifiedinc.b, WT versus pS118
comparison: secondary structure propensity (top) and *N amide R,/R, ratios
(bottom). ¢, Top, E56 and G57 backbone amide chemical shift changes following
pSerl18.A6= J(A&H2 +(A6N x 0.154)2, where A6Hand A6N are proton and
nitrogen changes, respectively, relative to unbound protein. Bottom, WT and

Hydrophobic aromatic clustering

To investigate amino acid interactions between clusters I and II, we
conducted paramagnetic relaxation enhancement (PRE) measure-
ments (Fig. 1f). PRE detects distances between a nitroxide spin label
and nearby amino acids within approximately 12-25 A (refs. 26,27), with
closer residues showing substantial to complete resonance broaden-
ing. Exploiting the absence of native cysteine residues in ER-NTD, we
positioned MTSL ((1-oxyl-2,2,5,5-tetramethyl-A3-pyrroline-3-methyl)
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S118D/pSl118 spectral overlap.*C chemical shift changes are givenin Extended
DataFig.6a,b.d, Long-range propagation of pSerl18 effects to E56/G57. e, PRE
profiles from S46C and S84 C spin labelling showing increased separation
between clustersland Il following phosphorylation (Extended Data Fig. 6¢).
Yellow circle denotes spin-labelling position, shaded lines are a visual aid.

f, pSerll8increasesR,by5.2+0.4 A (Extended DataFig. 1e). g, Phosphorylation-
induced ER-NTD expansion.

methanesulfonothioate) spinlabels at six cysteine-comparable serine
sites distributed across the primary sequence (Fig. 1g). The resulting
PRE profiles showed low-intensity ratios between paramagnetic and
diamagnetic states for residues 40-150 within mid-sequence regions,
with these intensity attenuations remaining consistent across protein
concentrations (Extended Data Fig. 2b,c), indicating predominantly
intramolecular interactions.

The observed attenuations spanned a wider region than predicted,
providing evidence for long-range interactions within the disordered
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Fig.3|Hydrophobicdisruption drives ER-NTD conformational changes.
a, Structural context of pS118 and E56/G57 interactions. Ball-and-stick,
phosphorylgroup of pS118; light green, aromatic residues; red, charged
residues. b, Chemical shift changes (A8) following pSerl18 at varying salt
concentrations (Methods). ¢, E56 chemical shift changesin HSQC spectra for
S118D (left) and pS118 (right) under three salt conditions. d, E56 chemical shift

ER-NTD. Analysis showed that clusters Iand Il contain 13 of the 16 aro-
matic amino acids (Fig. 1e). PRE measurements demonstrated clear
interactions between these clusters, suggesting that the residual struc-
tures arise from aromatic amino acid clustering, bridged by specific
hydrophobicinteractions between these aromatic-rich regions.

pSerl18 drives cluster separation

We examined residue-specific effects of pS118 on ER-NTD conforma-
tion. ER-NTD proteins were phosphorylated in vitro using recombinant

30 60 90

Sequence

120 150 180

changesinduced by mutations in F120A (top) and L121A (bottom). e, PRE
measurements with S46C spin labelling showing F120A and L121A mutations
mimicking phosphorylation effects. Yellow circles, spin label position; solid
lines, visual aid (WT blue, mutants pink). HSQC, 850 MHz, 4 °C.f,g, Charge-
neutralizing E56Q mutation showing minimal impacton R, (f; Extended Data
Fig.1le) and cluster separation (g; S46C spin-labelling PRE) compared with pS118.

MAPK? (Extended Data Fig. 4a), and resonances for pS118-NTD were
assigned (Fig. 2a and Extended Data Fig. 5a). Chemical shift changes
were minimal and were localized near Ser118 (Extended Data Fig. 6a),
withnosignificant alterationsinlocal secondary structure propensity
or cluster formation (Fig. 2b and Extended Data Fig. 5b) requiring explo-
ration by future Carr-Purcell-Meiboom-Gill (CPMG) measurements.
However, we observed substantial long-range effects: pS118 triggers
conformational changes extending to distant Glu56 and Gly57 sites
in cluster I, despite being located in cluster I (Fig. 2¢,d). Intercluster
distance changes assessed using PRE measurements with spinlabelling
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Fig.4 |Hydrophobic mutationsrescue S118A-induced transcriptional
deficits.a,b,F120A and L121A restore S118A-impaired reporter activity in
ER-NTD (HEK293T (a) and MCF7 cells (b)). Inmunoblots confirmed protein
expression. Mean +s.e.m. from four technical repeats performed across three
biological replicates. For gel source data, see Supplementary Fig. 4.c,F120A
andL121Arestore S118A-impaired reporteractivity in full-length ER (MCF7
cells). Immunoblots confirmed protein expression. d, Schematic showing

at S46C (edge of cluster I) and S84C (outside both clusters) (Fig. 2b)
showed increased cluster separation following phosphorylation,
through greater distances in PRE profiles at S46C (Fig. 2e) and S84C
(Extended Data Fig. 6¢). SEC-SAXS data confirmed this expansion,
showingasignificantincrease (5.2 + 0.4 A)in R, for pS118 (Fig. 2f). These
findings demonstrate that phosphorylation promotes ER-NTD expan-
sionthroughincreased cluster seperation (Fig. 2g) while maintaining
local cluster integrity (Fig. 2b).

The phosphomimetic S118D mutation elicits conformational
changes comparable to pS118. Consistent with enhanced ER tran-
scription activity following pSer118 by MAPK or CDK?7 (refs. 2,3),
S118D exhibits two-to-three-fold increased ER-NTD activity versus
wild type (WT) in HEK293 and MCF7 cells (Extended Data Fig. 7a,b).
This effect extends to full-length ER (Extended Data Fig. 7c), whereas
phosphorylation-deficient S118A retains only 50-60% of WT activ-
ity. Multiple lines support S118D as a valid phosphomimetic: S118D
proteins interact with Pinl (Extended Data Fig. 4b), which selectively
binds phosphorylated ER-NTD". Resonance assignments of S118D
(Fig. 2a and Extended Data Fig. 5b) show chemical shift changes at
Glu56/Gly57 (Fig.2c and Extended Data Fig. 6b) similar to pS118, with-
out altering secondary structure propensity (Extended Data Fig. 5b).
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F120A and L121A compensation for S118A deficiency. e, F120Aand L121A
restore S118A-reduced ER target gene expression (TFF1, CCNDI and MYC) in
MCF7 cells.Immunoblots confirmed protein expression. Mean = s.e.m. from
three technical repeats across three biological replicates. One-way analysis
of variation with Dunnett’s test, *P < 0.05, **P < 0.01, ***P < 0.005. mRNA,
messenger RNA.

S118Dincreases the separation between clustersland Il (Extended Data
Fig. 6d), althoughless sothan pS118 (Extended Data Fig. 6¢). SEC-SAXS
data confirm this expansion, showing that S118D causes a3 Aincrease
in R, over WT or S118A (Extended Data Fig. 1e), compared witha 5 A
increase for pS118 (Fig. 2g).

Hydrophobic disruption of cluster interactions

pSerli8 affects structure through two potential mechanisms: electro-
static repulsion with negative residues (Glu56 and Glué61) and disruption
ofhydrophobicinteractions between clustersland Il (Fig.3a). Whereas
terminal charged residues (Lys32 and Argl58) show salt-dependent
chemical shift changes, cluster I residues (Glu56 and Gly57) remain
salt-insensitive (Fig.3b), suggesting that nonelectrostatic factors drive
changes.

Three experiments established hydrophobic disruption as the pri-
mary mechanism. First, non-ionic detergent n-dodecyl -D-maltoside
(DDM) alters PRE profilesin cluster Il regions (Extended Data Fig. 2d).
Second, alanine substitutions near Ser118 (F120A and L121A) mimic
phosphorylation effects, showing similar chemical shift changes and
increased cluster separation (Fig. 3d,e). Third, alanine mutations in
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Fig.5|Hydrophobic mutations modulate cofactorinteractions and cell
growth. a, Top, F120A alters ER-NTD-TIF2-QRD interactions similarly to pSerl18.
Chemical shift changes (A§) shown for ER-NTD variants (WT, pS118 and F120A)
following TIF2-QRD binding (1/4 ratio). Annotated residues, above-average
changes. Additional dataare provided in Extended Data Fig. 9d and
Supplementary Fig. 6. Bottom, HSQC spectraat various NTD/TIF2 ratios.

b, Effects of F1I20A and L121A on ER-S118A and TIF2 recruitment to TFFI promoter
(MCEF7 cells). Left, ER-TIF2 interaction schematic. Middle, ER variant association
unchanged versus WT. Right, F120A and L121A reverse S118A-induced TIF2

recruitmentincrease, mimicking S118D. TFF1 ERE was quantified by CUT&RUN/
qPCR.Mean ts.e.m.from four technicalrepeats.c,d, F120A and L121Arestore
S118A-impaired MCF7 cell growth (c; mean + s.e.m. from three technical repeats
acrossthreebiological replicates) and colony formation (d; mean +s.e.m.from
twotechnical repeatsacross two biological replicates; DMEM medium, crystal
violet quantificationat 450 nm). Additional data on 4-hydroxytamoxifenare
providedin Extended Data Fig. 7d. One-way analysis of variation with Dunnett’s
test,*P<0.05,*P<0.01,***P< 0.005.NS, notsignificant.
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cluster I show cumulative effects, with double mutants (Y52A/Y54A
and Y60A/F62A) causing greater separation than single mutants (Y54A
and Y60A) (Extended DataFig. 8a-c).

The charge-neutralizing E56Q mutation confirms this mechanism—
both E56Q-pS118 and pS118 show similar increases in the radius of
gyration and cluster separation versus WT (Fig. 3f,g), establishing
hydrophobic disruption as the primary driver of structural changes.

Hydrophobic rescue of ER function

Toinvestigate whether reduced hydrophobicity mimics pS118 effects,
we compared phosphorylation-deficient (S118A) and phosphomimetic

1136 | Nature | Vol 638 | 27 February 2025

NGF1-B/NR4A1 (266, 0.52)
NURR1/NR4A2 (262, 0.51)
NOR-1/NR4A3 (291, 0.52)

receptorsand 9.4% of IDPs share ERa-NTD-like characteristics (fraction of
charged residuesbelow 0.22, sequence hydrophobic patterning above 0.6).

c, Left, nuclearreceptors with similar NTD characteristics (blue) showing
DNA-binding domain (DBD, grey), LBD (green) and hydrophobicresidue positions
(blacklines: A,V,1,L,M,F,Y,W).Right, receptors with NTD residue count (n) and
Flory exponent (Vgiaea) from coarse-grained simulations (Extended Data Fig. 10;
values provided in Supplementary Table1); ERis highlighted inlight blue.

(S118D) mutations. S118D exhibited enhanced transcriptional activity
versus S118A (Fig. 4a—-d and Extended Data Fig. 7a-c), validating our
phosphomimeticapproach. Both S118A/F120A and S118A/L121A double
mutants rescued S118A-impaired transcription in HEK293 and MCF7
cells, inboth ER-NTD and full-length contexts (Fig. 4a-d). Additional
mutations Y52A/Y54A and Y60A/F62A in the S118A background simi-
larly enhanced transcriptional activity (Extended DataFig. 8d-f), dem-
onstrating hydrophobic disruption effects across both aromatic-rich
clusters. Quantitative PCR (QPCR) with reverse transcription analyses
of ER target genes (TFFI, also known as pS2 (ref. 29), CCNDI (ref. 30)
and MYC*) showed that both S118A/F120A and S118A/L121A restored
expressionto WT and S118D levels (Fig. 4e).



We nextinvestigated ER interactions with transcription intermediary
factor TIF2, which binds ER-NTD through its Q-rich domain (QRD) and
ER-LBD throughits nuclear receptor interaction domain (Extended Data
Fig. 9a,b)**3*. Chemical shift analyses showed that both pSer118 and
F120A significantly reduced ER-NTD-TIF2-QRD interactions (Fig. 5a
and Extended Data Fig. 9d). At the TFFI promoter, which contains
estrogen-responsive elements (EREs), S118A enhanced TIF2 recruit-
ment compared with WT ER*?, Both S118D and hydrophobic mutations
reversed this effect while maintaining a WT-like promoter association
(Fig. 5b). These results demonstrate that ER-NTD hydrophobic clus-
tering modulates cofactor interactions and transcriptional activity.

Phenotypicrestoration of cellgrowth

To elucidate the biological significance of the hydrophobic-driven
mechanism, we investigated how F120A and L121A mutations affect
cell growth and colony formation in MCF7 cells. Whereas S118A
failed to promote growth, S118D enhanced growth comparable to, or
higher than, WTER (Fig. 5c). F120A or L121A alongside S118A restored
growth-promoting capacity to WT and S118D levels (Fig. 5c), with
enhanced promotion in4-hydroxytamoxifen-treated cells (Extended
Data Fig. 7d). Colony formation assays showed fewer colonies with
S118Athan WT ER, whereas S118D enhanced colony formation. S118A/
F120A and S118A/L121A double mutations restored colony formation
to levels comparable to, or higher than, WT ER (Fig. 5d). Additional
mutations Y52A/Y54A and Y60A/F62A (in S118A background) also
rescued cell growth and colony formationimpaired by S118A (Extended
DataFig. 8g,h), supporting hydrophobic disruption effects across
both clusters.

These functional rescues, combined with structural evidence
(Fig. 3e and Extended Data Fig. 8b,c), demonstrate a fundamental
sequence-structure-function relationship of intrinsic ER disorder.
Single-site phosphorylation on disordered ER-NTD alters hydrophobic
clustering, leading to significant structural and functional conse-
quences (Fig. 6a). Mutations disrupting hydrophobicinteractions near
Serl18, or across both clusters, mimic phosphorylation effects, rescu-
ing the functional deficiency caused by the phosphorylation-deficient
S118A mutation.

Discussion

Ser118 phosphorylation, frequently observed in therapy-resistant
ER"breast cancer*?, enhances ER ligand-independent activity and
represents a validated therapeutic target, as demonstrated by CDK7
inhibitors’. We demonstrate that this phosphorylation triggers spe-
cific long-range conformational changes in the disordered ER-NTD,
shifting its ensemble towards expanded structures (Fig. 6a). Although
someintramolecular contacts persist (Fig. 2b,e), this reorganization
significantly impacts ER-mediated transcription and growth. This
modulation between hydrophobic clusters shows a new regula-
tory mechanism among intrinsically disordered proteins/regions
(IDPs)*3738 with ER-NTD exemplifying rare regulation across multi-
pledisordered regions, distinct from conventional phosphorylation
effectsin folded proteins®*.

Our findings extend beyond conventional electrostatic mod-
els***2 establishing hydrophobic interactions as the primary driver
of phosphorylation-induced changes in ER-NTD. Systematic analy-
sis shows that, whereas salt variations minimally affected the Glu56/
Gly57region (Fig. 3b), hydrophobic disruption through non-ionic DDM
(Extended Data Fig. 2d) and targeted alanine substitutions (Fig. 3d,e
and Extended Data Fig. 8) produced significant effects. This mecha-
nism provides insightsinto ER phase-separation behaviour®, although
regulatory mechanisms vary across nuclear receptors**.

Quantitative analysis of hydrophobic patterning shows its presence
in 9.4% of analysed IDPs’ (Fig. 6b) and in about 15 nuclear receptor

NTDs® (Fig. 6¢c and Extended Data Fig. 10), despite size variations and
low sequence homology. The ER-NTD maintains its disorder while
engaging in specific protein interactions, particularly with TIF2
(refs. 45,46), which bridges non-interacting ER-NTD and ER-LBD**#
(Extended Data Fig. 9b,c). Ser118 phosphorylation precisely modu-
lates these interactions through conformational changes, with effects
propagating throughout the interactome*®*, Although targeting of
disordered NTDs remains challenging, as evidenced by androgen recep-
tor NTDinhibitor development™", and current ER degraders**>* affect
the NTDindirectly, our study establishes aframework for direct ER-NTD
targeting through conformational modulation.
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Methods

Recombinant protein expression and purification

The NTD ofhuman ER (ER-NTD, residues M1-Y184) was subcloned into
the bacterial expression vector pMCSG7 and expressed as inclusion
bodiesin Escherichia coliBL21(DE3) cells using lysogeny broth medium.
Protein expression was induced at optical density OD4,, = 0.8 by the
addition of 0.1 mM isopropyl-3-D-thiogalactopyranoside (IPTG), fol-
lowed by overnightincubationat 25 °C. Mutants were generated using
the Phusion site-directed mutagenesis kit (Thermo Fisher, catalogue
no.F541) and verified by DNA sequencing.

For isotopic N and *C labelling, cells were cultured in M9 mini-
mal medium supplemented with1g I NH,Cland 3 g1 *C-glucose
(Cambridge Isotope Laboratories, catalogue nos. CLM-1396-50 and
NLM-467-50, respectively). Harvested cells were lysed by high-pressure
homogenization (Avestin EmulsiFlex-C3) in 50 mM Tris pH 8.0 and
500 mM NaCl buffer with protease inhibitors (Millipore Sigma, cata-
logue no. 11836153001). Inclusion bodies were solubilized in 50 mM
sodium phosphate pH 7.4, 5 mM imidazole and 1 mM phenylmeth-
anesulfonyl fluoride (PMSF) with 6 M guanidine hydrochloride, and
clarified by centrifugation at 4 °C.

Untagged and His-tagged ER-NTD proteins were purified from
solubilized inclusion bodies. Following the purification protocol®,
untagged proteins were dialysed into 20 mM Tris pH 7.5, 10 mM NaCl
and 0.1 mM PMSF, and purified by anion exchange using a HiTrap Q
column (GE Healthcare, catalogue no. 29-0513-25) and gel filtration with
anEnrich SEC650 column (Bio-Rad, catalogue no. 7801650). His-tagged
proteins were purified on cobalt resin (Thermo Fisher, catalogue no.
89964), eluted with imidazole and dialysed into 20 mM Tris pH 7.4,
10 mM NaCl and 0.1 mM PMSF. The His-tag was removed by overnight
TEV protease digestion at 4 °C, and further purified through the same
anion-exchange and size-exclusion steps. Purified ERa-NTD proteins
were stored at either 4 or —80 °C.

Invitro protein phosphorylation

Purified ER-NTD proteins were phosphorylated in vitro by incubation
with recombinant, activated MAP kinase 1 (MAPK1/ERK2) possessing
an N-terminal glutathione S-transferase (GST) tag (Millipore Sigma,
catalogue no.14-550). Phosphorylation followed a previously published
protocol®, using3 mg of ER-NTD proteins and 5 pg of activated MAPK1
in akinase reaction buffer (25 mM Tris pH 7.5, 25 mM MgCl,, 10 mM
dithiothreitoland 100 puM ATP). Reactions proceeded for4 hat30 °C.
Site-specific phosphorylation at S118 was verified by immunoblot using
aphosphorylation-ER Ser118 antibody (Cell Signaling, catalogue no.
2511). Following the reaction, GST-MAPK1 enzyme was removed by
incubation with glutathione-agarose resin (Macherey-Nagel, catalogue
no.NC0389541).

SEC-SAXS

SEC-SAXS measurements were performed on protein samples at con-
centrations ranging from 2to4 mg ml™. The running buffer, consisting
of 20 mM sodium phosphate, 150 mM NaCl, 0.5 mM EDTA and 0.1 mM
PMSF pH 7.4, was precooled to 4 °C and maintained onice during data
acquisition. Samples wereinjected into either an Enrich SEC650 column
(Bio-Rad, catalogue no. 7801650) or aSuperdex 75 Increase 5/150 col-
umn (Cytiva, catalogue no. 29148722), at flow rates ranging from 0.35
to 0.70 ml min™. Scattering images were collected at either 0.5 or 2-s
exposure per frame during column elution. Background subtraction
was applied to the elution peak to obtain the final protein-scattering
profile.

For WT, S118D and S118A samples, data were collected at the
BioCAT-18ID beamline of the Advanced Photon Source (Argonne, IL,
USA) using a Pilatus3-X-1M detector with X-rays at an energy of 13 keV.
For pS118 and E56Q-pS118 samples, data collection was performed at
the 16-ID (LiX) beamline of the National Synchrotron Light Source Il

(Upton, NY, USA) using a combination of Pilatus3 S1M and Pilatus3
900-K detectors with X-rays at an energy of 15 keV.

NMR spectroscopy

Isotope-labelled proteins were prepared in 20 mM sodium phosphate
buffer pH 7.4,100 mM NacCl, 0.5 mM EDTA, 0.1 mM PMSF and 5% (v/v)
D,0.NMR datawere acquired using either a Bruker Avance IllHD 700 or
850-MHz spectrometer equipped with a TXO- or TCl triple-resonance
cryogenic probe, respectively, at atemperature of 4 °C, toreduce the
line broadening of solvent-exposed residues due to their amide hydro-
gen exchange with the solvent.

For ®N,”*C ER-NTD samples at a concentration of 400 pM, a set of
standard triple-resonance backbone assignment experiments® were
recorded at 850 MHz, using sensitivity-enhanced gradient coherence
selection®”®°, semiconstant time acquisition in the *N dimension®
and non-uniform sampling following either Poisson-gap® or expo-
nentially weighted sampling schedules. Briefly, the typical direct 'H
dimension contained 1,024 complex points for a100-ms acquisition
time, whereas maximum data size of the indirect dimensions (*N x *C),
in terms of both complex points (acquisition times) and sparsity lev-
els, was as follows: "N HSQC with 100 ms (380; 47.4%), HNCO with
100 x 50 ms (380 x 150; 0.53%), HNCA with 100 x 14 ms (380 x 90;
1.75%), HNCOCA with 100 x 14 ms (380 x 90; 0.88%), HNCACO with
100 x 50 ms (380 x 150;1.05%), HNCACB with 100 x 14 ms (380 x 240;
1.31%) and CBCACONH with 100 x 6.7 ms (380 x 115;1.37%). Additional
three-dimensional NNH-NOESY spectrawere acquired with380 com-
plex points for 100-ms acquisition times in indirect *N dimensions
using asparsity level of 0.83%. The typical experimental times for spec-
trawere as follows: 22 min for HSQC, 10 hfor HNCO, 37 hfor HNCA, 28 h
for HNCOCA, 38 hfor HNCACO, 75 hfor HNCACB, 38 h for CBCACONH
and 84 h for NNH-NOESY.

In addition to proton-detected spectra, *CO-detected hCACON
and hCANCO spectra®® were recorded at 700 MHz for resonance
assignments of most proline residues. Data were collected using vir-
tual decoupling, and without non-uniform sampling, at acquisition
times (complex points) of 103 ms (512) x 30 ms (60) x 5.6 ms (30) for
BCO x BN x BCa dimensions. AlINMR spectra were recorded at 4 °C.

Data were acquired and processed using BRUKER Topspin (v.3.6)
and NMRPipe (v.1.0)®*. Spectrawere analysed using NMRfam-SPARKY
(v.1.470) with Sparky 3.190 (ref. 65).

Spectral referencing was performed directly for the 'H dimension
using the temperature-dependent water resonance frequency, whereas
BCand "N werereferenced indirectly. Combined chemical shift changes

for SN HSQC were calculated as A6 = .[(ASH2 + (ASN x 0.154)2, where
A6H and A6N represent the changes in proton and nitrogen chemical
shift, respectively, compared with the free or WT protein spectrum.

Paramagnetic relaxation enhancement

Single-cysteine mutants were labelled with the paramagnetic nitroxide
spinlabel MTSL (Toronto Research Chemicals, catalogue no. 0875000),
following the established protocol®. Protein samples (100-200 pM)
were buffer exchanged into a labelling buffer (50 mM Tris-HCI pH 7.4
and 50 mM NaCl) supplemented with 2.5 mM freshly prepared dithi-
othreitol (DTT) to prevent cysteine oxidation. Immediately before
labelling, DTT was removed by passing the samples through a Zeba
spin-desalting column equilibrated with DTT-free labelling buffer.
MTSL was dissolved inacetonitrile (0.1% v/v) toaminimum concentra-
tion of 2 mM, and over 20-fold molar excess was added to the protein
solution. The reaction mixture was incubated overnight at 4 °C on
arotating device, protected from light to ensure efficient labelling.
Excess MTSL was removed using a Zeba spin-desalting column, and
samples were concentrated to the desired level using an Amicon Ultra-15
centrifugal filter (4 °C). Spin-labelling efficiency (over 95%) was con-
firmed by electrospray ionization mass spectrometry. Diamagnetic
control samples were prepared by reducing the paramagnetic samples
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with a tenfold molar excess of L-ascorbic acid (Millipore Sigma, cata-
logue no. A7631), with overnight incubation at 4 °C.

Two-dimensional 'H-N HSQC spectra were acquired for each
MTSL-label, single-cysteine mutant in both paramagnetic and dia-
magneticstates at4 °C. Comparison of chemical shifts between labelled
and unlabelled samples confirmed that MTSL labelling had not signifi-
cantly perturbed the protein’s structural ensemble. PRE effects were
quantified by calculating the peak intensity ratio (/,,..//4:,) between
paramagnetic and diamagnetic spectrafor each resolved cross-peak.
Errors inintensity ratios were propagated using root-mean-square
deviation between observed and Gaussian-fit peak heights.

Toinvestigate therole of hydrophobicity inlong-range interactions,
PRE measurements were conducted for ER-NTD with S46C spin label-
ling (30 pM) with and without DDM (120 pM; Anatrace, catalogue no.
D310).'H-"N HSQC spectrawere recorded under identical conditions
for DDM-containing and DDM-free samples.

The effect of paramagnetic relaxation on cross-peak intensity?**
isexpressed as

LN Iyt
s _Ra(1) e

s Ry(H) +r,

’

wheret,=10.87 ms (combined INEPT time) and R,(*H") is the intrinsic
relaxation rate of the amide proton. I',, paramagnetic rate enhance-
ment, is related to the distance between the amino proton and spin

label by
1
K 31, 6
R=| |41+ — ,
MQ 1+w,,2rgﬂ

where K=1.2x107* cm® s?for the MTSL spinlabel* and w, is the Larmor
frequency of proton spin at 850 MHz. The apparent correlation time
(t.) forelectron-amide protoninteractionsis 5.9 +1.4 ns (mean +s.d.).

5N relaxation measurement

Protein samples were used at a concentration of 60 uM for R and R,
(spin-lattice relaxation rate in the rotating frame) measurements,
at 850 MHz and 4 °C, using the HSQC-based sequences of Lakomek
et al.*® but with modifications for non-deuterated proteins®. Experi-
mentswere performed with'Hand ®N sweep width (acquisition times)
of 12 ppm (100 ms) and 21 ppm (88 ms), respectively, using eight
signal-averagingscansand 2.5-srecovery delay. Delays for R, (R,,) relaxa-
tionwere 0,280,560 x 2and 840 x 2 ms (0, 55,110 x 2and 165 x 2) with
repeats for statistics. Magnetization was aligned with the effective field
in R,, experiments using 2-ms adiabatic half passages’at a calibrated
B, field of .08 kHz centred at 121 ppm. R, and R,, rates were obtained
by fitting mono-exponential decays using in-house Python scripts.
Transverse R, rates were derived from R, and R,, using the equation

Ry, = Ricos® 6+ R,sin®0,

where 6= tan(w,/Q) is the effective tilt angle of Bl field, w, is Bl field
strength and Q is N signal offset from spinlock carrier frequency”.
Errors were propagated from signal amplitude variations.

Invitro GST pulldown

The GST-tagged proteins were cloned into pGEX-4T-1 vector and
expressed in bacterial Rosetta (DE3) pLysS-competent cells. Expres-
sion was induced with 0.2 mM IPTG overnight at 20 °C. Purification
was performed using aglutathione spin column (Thermo Fisher, cata-
logue no.16105). Untagged NTD proteins (10 pg) wereincubated with
GST-tagged proteins (100 pg) and immobilized overnight at 4 °C on
glutathione-Sepharose beadsin20 mM Tris-HCI pH 8.0,150 mM Nacl,

10% glycerol, 1% Nonidet P-40 (Sigma-Aldrich, catalogue no. N-3516)
and 2 mM EDTA. Subsequently, the resin was washed three times with
the same binding buffer to remove unbound proteins. Pulled-down
complexes were denatured in tricine sample buffer, separated by 4-20%
SDS-polyacrylamide gel electrophoresis and visualized using GelCode
blue staining (Thermo Fisher, catalogue no. 24594).

Transient transfection reporter assay

To assay Gal4-NTD reporter activity, HEK293 or MCF7 cells were cul-
tured in DMEM supplemented with10% fetal bovine serum (FBS). Cells
wereseeded at2 x 10° per well on 6-cm plates and transfected with1 pg
of Gal4-NTD, 3 pg of 5x Gal4 BS-TATA-luciferase plasmid (Addgene,
catalogue no.46756) and 0.3 pg of pRL-Renilla-luciferase plasmid (Pro-
mega, catalogue no. E2231), using Lipofectamine 2000 (Invitrogen,
catalogue no. 11668027). Twenty-four hours after transfection, cells
were washed with 1x PBS and grown in DMEM with 10% FBS for a fur-
ther 24 h, and lysates prepared using 1x Passive Lysis Buffer (Promega,
catalogue no. E1941).

For full-length ER assays, MCF7 cells in phenol red-free DMEM with
10% charcoal-stripped FBS were transfected with 2.25 pg of HA-tagged,
full-length ER expression vector, 6.75 pg of 3x ERE-TATA-luciferase plas-
mid (Addgene, catalogue no.11354) and 0.67 pg of pRL-Renilla-luciferase
plasmid. Cells were seeded at 7 x 10° per well on 10-cm plates.
Twenty-four hours after transfection, cells were washed with 1x PBS,
splitand cultured in phenol red-free DMEM with 10% charcoal-stripped
FBS. Cells were treated with either vehicle (0.1% ethanol), 100 nM E2
or 1 uM 4-hydroxytamoxifen (Cayman, catalogue no. 17308) before
lysate preparation.

Firefly and Renilla luciferase activities were measured using the
Dual-Luciferase Reporter Assay kit (Promega, catalogue no. E1910), and
firefly activity was normalized to Renillaluciferase. Mean + s.e.m. was
calculated from four technical repeats with three biological replicates.

Nucleocytoplasmic fractionation and whole-cell lysate
preparation

Cells were lysed with NP-40 buffer (10 mM Tris pH 7.4, 10 mM NaCl,
3 mM MgCl,, 0.5% NP-40 and 5% glycerol) and centrifuged to obtain
cytoplasmic fractions. Nuclear fractions were isolated by lysing the
resulting pellets in RIPA buffer (150 mM NaCl, 1% NP-40, 0.5% sodium
deoxycholate, 0.1% SDS and 50 mM Tris pH 7.4). Both lysis buffers
included protease (Millipore Sigma, catalogue no. 04693116001) and
phosphataseinhibitors (Millipore Sigma, catalogue no.4906845001).
MCF7 and HEK293T cells were lysed in RIPA buffer with protease
(Millipore Sigma, catalogue no. 04693116001) and phosphatase
(Millipore Sigma, catalogue no. 4906845001) inhibitors to obtain
whole-cell lysates.

Immunoblotting

Proteins were separated by 10% SDS-polyacrylamide gel electro-
phoresis and transferred to polyvinylidene difluoride membranes
(Bio-Rad, catalogue no. 1620177). Membranes were immunoblotted
overnight at4°Cwith primary antibodies against ER (abcam, catalogue
no.abl16660), phospho-ER-Ser118 (Cell Signaling, catalogue no. 2511),
B-actin (Cell Signaling, catalogue no.4967), Lamin B1 (Santa Cruz, cata-
logue no. sc-374015), B-tubulin (Santa Cruz, catalogue no. sc-166729),
Gal4 (SantaCruz, catalogue no. sc-510), HA-tag (Santa Cruz, catalogue
no. sc-7392), His-tag (Millipore Sigma, catalogue no. SAB4301134)
and GST-tag (Millipore Sigma, catalogue no. SAB4301139). Second-
ary anti-IgG antibodies (Bio-Rad, catalogue no. 1706515 or 1706516)
were applied atroom temperature beforeimaging onaChemiDoc MP
system (Bio-Rad, catalogue no.12003154).

RNA extraction and gPCR with reverse transcription
To determine the effects of WT and mutant ER on the expression of ER
target genes, cells on 6-cm plates were transfected with 2 pg of either



HA-tagged ER expression vector or empty vector control (HA-vector)
using Lipofectamine 3000 (Thermo Fisher, catalogue no.L3000001)
and 400 plof Opti-MEM (Gibco, catalogue no. 31985062). Twelve hours
after transfection, culture medium was replaced with regular DMEM
supplemented with 10% FBS, and cells were grown for an additional
24 h before harvest. Cells were collected by scraping in cold 1x PBS
and pelleted. Cell pellets were collected by scraping in cold 1x PBS,
centrifuged, resuspended and evenly split for RNA and protein analysis.

Total RNA wasisolated using the RNeasy Mini Kit (Qiagen, catalogue
no. 74104) and reverse transcribed using iScript supermix (Bio-Rad,
catalogue no.1708841). Quantitative PCR was performed on a Bio-Rad
CFX Connect using iQ SYBR Green supermix (Bio-Rad, catalogue no.
1708880).

The following primers were used:

TFFIforward5’-ATACCATCGACGTCCCTCCA-3', reverse 5-AAGCGT
GTCTGAGGTGTCCG-3’;

MYC forward 5-GGTGCTCCATGAGGAGACA-3’, reverse 5’-CCTGC
CTCTTTTCCACAGAA-3;

CCND1 forward 5’- GGATGCTGGAGGTCTGCGA-3’, reverse 5'-AGAG
GCCACGAACATGCAAG-3’ and GAPDH forward 5-CCACAGTCCATGC
CATCA-3’, reverse 5-GGATGACCTTGCCCACAG-3'.

Calculations were based on mean + s.e.m. from three technical
repeats with three biological replicates.

Cofactor interactions and chemical shift perturbation

The Q-richdomain of transcriptional mediators/intermediary factor 2
(TIF2-QRD, residues G1180-N1288) was subcloned into pMCSG7 bac-
terial expression vector with an N-terminal 6xHis-tag, and expressed
in bacterial BL21(DE3) cells as inclusion bodies using TB medium.
TIF2-QRD was purified similarly to ER-NTD as described above, includ-
ing tag cleavage.

For chemical shift perturbation measurements, *N-labelled ER-NTD
and unlabelled TIF2-QRD were exchanged into 20 mM sodium phos-
phate buffer pH 7.4, containing 100 mM NaCl. TIF2-QRD was titrated
into30 pPMER-NTD at ER-NTD/TIF2-QRD molarratios of1:0,1:1,1:2 and
1:4. Two-dimensional 'H-"N HSQC spectra were recorded at each titra-
tion point. Combined chemical shift changes (Ad) were calculated as
AS= //(A6H2 +(A6N x 0.154)2, where A6H and ASN are the changes in
proton and nitrogen chemical shift, respectively, relative to the free
unbound protein spectrum.

CUT&RUN assay followed by qPCR

CUT&RUN assays were performed according to the kit protocol (Cell
Signaling, catalogue no. 86652). Briefly, MCF7 cells were transfected
with WT or mutant HA-tagged ER expression plasmids overnight
and cultured for 48 hin phenol red-free medium supplemented with
5% charcoal-stripped FBS. Cells were then treated with 10 nM E2 for
150 min. For each immunoprecipitation reaction, 1 x 10° cells were
immobilized on Concanavalin A beads and incubated with either 2 pl
of primary antibody anti-HA (Cell Signaling, catalogue no. 3724) or
anti-TIF2 (Cell Signaling, catalogue no. 96687) for 2 hat 4 °C. Chroma-
tin was fragmented by further incubation with pAG-MNase digestion.
Fragmented DNA was purified and analysed by qPCR (normalized to
input) using PowerUp SYBR Green Master Mix (Thermo Fisher, cata-
logue no. A25742) on a QuantStudio-3 real-time PCR system with
TFFI promoter primers (forward 5-CTAGACGGAATGGGCTTCAT-3’,
reverse 5-TTGGCCGTGACAACAGTG-3’). calculations are based on
mean +s.e.m. from four technical repeats.

Cellgrowth

MCEF7 cells were transfected with vector alone, WT or mutant ER
expression plasmids. After transfection, 2 x 10> MCF7 cells per well
were seeded in 96-well plates. Following 12 h allowed for attachment,
10 pl of Cell Counting Kit-8 (CCK-8) reagent (Dojindo, catalogue no.
CK04-05) wasadded and platesincubated for 2 hat 37 °C. Absorbance

at450 nmwas measured as baseline (day 0). Subsequently, media were
changed toregular DMEM with 10% FBS, 0.1% ethanol (vehicle) or 1 pM
4-hydroxytamoxifen, and refreshed every 2 days. Onday 5, CCK-8 rea-
gent was added and absorbance at 450 nm determined. Calculations
are based on mean + s.e.m. from three technical repeats with three
biological replicates.

Colony formation

At 24 h after transfection with 2 pg of the respective plasmids using
Lipofectamine 3000 (Thermo Fisher, catalogue no.L3000001), MCF7
cellswere trypsinized. Viable cells were counted with a haemocytom-
eter,and 500 per well seeded into six-well plates. After 10 days, culture
supernatant was removed and cells were washed with PBS, fixed with
4% paraformaldehyde for 15 min then washed again with PBS. Colo-
nies were stained with 0.2% crystal violet solution (Millipore Sigma,
catalogue no.C0775) for 15 min, followed by additional PBS washes
to remove background staining. Stained colonies were quantified by
digitalimage analysis using NIH Image] software, and defined as entities
with more than 50 cells. Calculations are based on mean + s.e.m. from
two technical repeats with two biological replicates.

Cellline information

Cell lines MCF7 (ATCC HTB-22), T47D (ATCC HTB-133) and HEK293T
(ATCC CRL-3216) were obtained directly from the American Type Cul-
ture Collection (ATCC). MCF7 and T47D are human breast adenocar-
cinomallines, and HEK293T is a human embryonic kidney epithelial
line. Cell lines were authenticated by ATCC and validated in-house by
comparison of morphology and growth characteristics against sup-
plier specifications. All lines were regularly tested for mycoplasma
contamination usingamycoplasma PCR detection kit (MP Biomedicals,
catalogue no.3050301).

Reporting summary
Furtherinformation onresearch designisavailablein the Nature Port-
folio Reporting Summary linked to this article.
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S118A) inHEK293T cellsand MCF7 cells with western blot validation. Mean + SEM
from four technical repeats performed across three biological replicates. For gel
source data, see Supplementary Fig. 2. (c) Full-length ER variant (WT, S118D,
S118A) transcriptional activity in MCF7 cells treated with vehicle, 100 nME2, or

1M 40H-tamoxifen (12 h). Western blot confirms protein expression. For gel
source data, see Supplementary Fig. 2. (d) Growthrescue by F120A and L121A
mutations in SI18A MCF7 cells treated with 1 uM 4OH-tamoxifen (5 days). Cell
numbers quantified by CCK-8 assay (450 nm absorbance). Mean + SEM from four
technicalrepeats performedacross three biological replicates. One-way ANOVA
with Dunnett’stest: *p <0.05;**p <0.01;***p < 0.005.
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NTDs. (b) CALVADOS27*”” model optimization for ER-NTD using SEC-SAXS
data.x? (root-mean-square deviation between simulated and experimental SAXS
intensities) vs. € (pairwise interaction potential depth). Optimal €= 0.23 kcal/mol
at310K,150 mMionic strength, pH 7.4, 1 pus total (Supplementary Methods).

(c) Comparison of simulated and experimental SAXS intensities for ER-NTD
(CALVADOS2, £=0.23 kcal/mol). (d) Analysis of NTDs (excluding two DBD-
lacking sequences): residue count (N) vs. simulated Flory exponent (Vymuiated)
fromadjusted CALVADOS2 model (¢ = 0.23 kcal/mol) using R,-N power-law
relation’®. Red: NTDs with FCR < 0.22 and SHP > 0.6 (ER-NTD-like); gray: others.
FCRand SHP valuesin Supplementary Table1.
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SEC-SAXS data: Pilatus3-X-1M, Pilatus3 S 1M, and Pilatus3 900K detectors
Western blot imaging: ChemiDoc MP system
Real-time PCR: QuantStudio-3 and CFX Connect Real-Time PCR Detection System
Reporter assay: Varioskan LUX Multimode Microplate Reader

Data analysis NMR data were analyzed using NMRfam-SPARKY version 1.470 in conjunction with Sparky 3.190;
SAXS data were processed and analyzed using the ATSAS software suite;
Statistical analyses of in-cell data were performed using GraphPad Prism version 8.0.1.
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NMR assignments are available in the Biomolecular NMR database (BMRB) under accession codes 51972 (wild-type), 51976 (S118D), and 51977 (pS118).

SEC-SAXS data for the wild-type and mutants are available in the Small Angle Scattering Biological Databank (SASBDB) under accession codes SASDSK2 (wild-type),
SASDSF5 (5118D), SASDSES (S118A), and SASDVCS (pS118).

The sequence analysis databases used in this study, including (a) 48 nuclear receptor N-terminal domains (NTDs), (b) 2,360 representative folded proteins, and (c)
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Sample size For transient transfection reporter assays, a sample size of approximately 2,000,000 cells per well was used;
Cell proliferation studies were conducted by seeding 2,000 cells per well in 96-well plates;
Colony formation assays were performed by seeding 500 cells per well into 6-well plates.

Data exclusions  No data were excluded from the analyses.

Replication Transient transfection reporter assays were performed with three biological replicates, each consisting of four technical repeats;
RNA extraction and quantitative RT-PCR experiments were conducted with three biological replicates, each comprising three technical
repeats;
CUT&RUN assays, followed by gPCR, were carried out with four technical repeats;
Colony formation assays were performed with two biological replicates, each consisting of two technical repeats.

Randomization  For cell-based experiments, samples were randomly allocated into different experimental groups. This was achieved by maintaining cell
cultures under identical conditions, passaging cells simultaneously, and harvesting and pooling them to create a single uniform cell

suspension. The suspension was then thoroughly mixed to ensure an even distribution of cells across the experimental groups.

Blinding The investigators were blinded to group allocation during data collection and analysis.
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Antibodies
Antibodies used ER (Abcam, #ab16660), phospho-ER-Ser118 (Cell Signaling, #2511), B-actin (Cell Signaling, #4967), Lamin B1 (Santa Cruz, #sc-374015),
B-tubulin (Santa Cruz, #sc-166729), Gal4 (Santa Cruz, #sc-510), HA-tag (Santa Cruz, #sc-7392), His-tag (Millipore Sigma,
#SAB4301134), GST-tag (Millipore Sigma, #SAB4301139), anti-IgG antibodies (Bio-Rad, #1706515 or #1706516), HA-Tag Rabbit mAb
(Cell Signaling, #3724), TIF2 (Cell Signaling, #96687)
Validation All antibodies used in this study were validated by their respective manufacturers for specificity, sensitivity, and reproducibility. For

Western blot experiments, antibodies were used following the manufacturers' recommended conditions, such as dilution ratios,
blocking buffers, and incubation times, as detailed in their product datasheets. To further validate the specificity of the anti-ER
antibody (Abcam, Cat# ab16660), its performance was tested using an ER knockdown cell line.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) Human breast adenocarcinoma cell lines MCF7 (ATCC HTB-22) and T47D (ATCC HTB-133), as well as human embryonic kidney
epithelial cell line HEK293T (ATCC CRL-3216), were obtained directly from the American Type Culture Collection (ATCC).

Authentication All cell lines were authenticated by the supplier (ATCC). Upon receipt, cell line identity was further validated by assessing
morphology and growth characteristics, which were compared to the expected features provided by the supplier.

Mycoplasma contamination All cell lines were routinely tested for mycoplasma contamination using the Myco-Sniff-Valid™ Mycoplasma PCR Detection Kit
(MP Biomedicals, Cat# 3050301).

Commonly misidentified lines  The cell lines used in this study (MCF7, T47D, and HEK293T) are not listed in the International Cell Line Authentication
(See ICLAC register) Committee (ICLAC) database of commonly misidentified cell lines.
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