Supplementary Figure Legends 

Fig S1. Overview of ERE transactivation assay experimental timeline. This flowchart outlines the transactivation assay design described in detail in the Materials and Methods section. Cells were deprived of E2 for 3 days (Day 1-3), transfected with an ERE-luciferase reporter and incubated overnight (Day3), treated with ER antagonist for 6 h before the addition of 20 pM E2 (Day 4), and assayed for detection of ERE-driven luciferase activity the following day after overnight incubation (Day 5).  
Fig S2. ESR1 mutations confer distinct estrogen response phenotypes in lentiviral-transduced cells. WT (gold), Y537S (red), and D538G (blue) lentiviral-transduced T47D cells were deprived of E2 and treated with a 10-point E2 dose range (0-1 nM) as described in Fig 1. EC50 values for control and D538G lentiviral-transduced cells are comparable to values obtained in CRISPR-edited cells and are within the physiological range (20 pM; Table S1). (B and C) Quantification of luciferase activity demonstrates differences between Y537S and D538G ESR1 mutants in constitutive transactivation under conditions of E2 depletion (B) and maximal transactivation in the presence of E2 (C). These representative results corroborate the phenotypes observed in CRISPR-edited cells presented in Fig 1. P-values were obtained from the results of 3 independent experiments (n =3) with triplicate data points using an unpaired, 2-tailed t-test with Welch’s correction; * = p < 0.05; ** = p < 0.005. Similar results were also obtained when additional lentiviral clones were examined (n = 2). 

Fig S3. ESR1 mutations display distinct ser-118 phosphorylation phenotypes in lentiviral-transduced cells. Cell extract preparation and SDS-PAGE were carried out as described in Fig 2. Membranes were immunoblotted for pER(ser118), ER, HA-ER, and actin. In the absence of E2 (blue bars), significant constitutive ER phosphorylation was detected in both Y537S and D538G mutants compared to parental or WT controls [blue asterisks; *** = p < 0.0005 (Y537S); ** = p < 0.005 (D538G)]. However, Y537S clones displayed overall higher (~50%) constitutive ser(118) phosphorylation compared to D538G clones. When treated with 20 pM E2 (red bars), increased ser(118) phosphorylation is observed in both WT/parental controls and D538G mutants compared to ser(118) phosphorylation levels observed in cells cultured in the absence of E2 (red asterisks; * = p < 0.05; ** = p < 0.005), while no further increase is observed in Y537S mutants (A and B). In addition to the detection of the full-length protein, we also observed both higher and lower molecular weight ER-specific bands (*) in the lentiviral overexpressing cells that were not present in the parental control (A); however, none of these immunoreactive species demonstrated constitutive or E2-dependent ser(118) phosphorylation, suggesting that they are not functionally relevant forms of ER. When detected using HA-specific antibody, HA-ER migrated as a doublet ((). As noted in the Materials and Methods section, we can detect ER as a doublet using other commercially available ER-specific antibodies. In addition to the doublet, two non-specific bands (NS), HA-positive bands are present in both the lentiviral cells as well as in the parental control (A). The gel image shown here is a representative result from 3 independent experiments conducted using freshly prepared cell extract. Gel band intensity for each pERα-specific band was quantified using ImageJ densitometry software and normalized to the total amount of actin in each lane. The graph summarizes the average pER band intensities calculated from 3 experiments (n =3), ± SEM. P-values were obtained using an unpaired, 2-tailed t-test with Welch’s correction.

 Fig S4. Dose response analysis demonstrating ESR1 mutations confer similar resistance phenotypes to ER antagonist treatment in the presence or absence of estrogen. (A-D) Representative dose-response curves for parental, WT, Y537S, and D538G mutant cells treated with ER antagonist in the presence or absence of E2 as described in Table 1. No dose response was observed for parental (blue) and WT (red, orange) cells treated with fulvestrant, 4-OHT, or AZD9496 (A, B, C) in the absence of E2 (estrogen-depndent), while a dose-response was observed in control (estrogen-independent) peruvoside-treated cells (D). Estrogen-independent peruvoside inhibition is described in Figure S6. IC50 values similar to those reported in Table S3 were obtained for parental/WT cells treated with inhibitors in the presence of 20 pM E2. Both Y537S and D538G mutants treated with inhibitors in the absence (blue) or presence of E2 (red) had IC50 values that were comparable to those reported in Table S3. These findings demonstrate similar resistance phenotypes between constitutive and E2-stimulated ESR1 transactivation in Y537S and D538G mutants. Statistical comparisons of IC50 values of mutants were analyzed using an unpaired, 2-tailed t-test with Welch’s correction. Individual studies (triplicate wells) were repeated 3 times.

Fig S5. ESR1 mutations confer resistance to ER antagonist treatment in lentiviral-transduced cells. Representative dose-response curves for parental (green), WT (gold), Y537S (red), and D538G (blue) cell lines treated as described in Fig 3. Statistical summary of IC50 values compared to parental/WT controls of lentiviral-transduced cells treated with inhibitors shows that both Y537S and D538G mutants show significantly increased IC50 values (red asterisk) when treated with fulvestrant, 4-OHT, or AZD 9496. Resistance in both mutants was able to be overcome and reach 100% inhibition at higher inhibitor concentrations. No significant difference was observed for control peruvoside-treated mutants (D). For each cell line tested, the average luciferase values over the inhibitor dose range were used to determine individual IC50 values ± SEM. P-values (* <0.05; ** <0.005; *** <0.0005; **** <0.00005) were obtained using an unpaired, 2-tailed t-test with Welch’s correction comparing WT IC50 values to those of Y537S-2 and D538G mutants. For each cell line tested, ≥3 independent experiments with triplicate data points were conducted. A complete summary of statistical analysis of these studies is presented in Table S4.

Fig S6. Peruvoside inhibition of ESR1 is ERE-independent. Representative dose-response curves of WT CRISPR-edited cells transfected with either ERE (blue) or SV40 (red) luciferase treated with an 8-point dose range of either fulvestrant (A), 4-OHT (B), AZD 9496 (C), or peruvoside (D) as described in Materials and Methods. For panels A, B, and C dose dependent inhibition is observed in cells transfected with 3X-ERE luciferase plasmid with IC50 values similar to those obtained in Figure 3 and Table S3; however, no inhibitor dose-dependence was observed in cells transfected with SV40 luciferase plasmid, demonstrating that the inhibition by fulvestrant, 4-OHT, and AZD 9496 is ERE-dependent. Conversely, in panel D, a dose-dependent response was observed in peruvoside-treated cells that were transfected with either 3X ERE or SV40 (non-ERE-containing) plasmid DNA, demonstrating that peruvoside inhibition of ESR1 is ERE-independent, consistent with its mode of action being distinct from ER signaling. Individual experimental trials with triplicate data point were repeated 3 times.
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