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Estrogen receptor preparation effects on the receptor-DNA interaction by surface plasmon resonance

Introduction

Since three decades several publications have aimed to understand the molecular mechanisms by which estrogen receptor alpha (ERα) bind with small palindromic consensus sequence known as estrogen response element (ERE) in the presence of the ER natural ligand 17-β-estradiol (E2) [START_REF] Druege | Introduction of estrogenresponsiveness into mammalian cell lines[END_REF][START_REF] Klinge | Estrogen receptor interaction with estrogen response elements[END_REF][START_REF] Kumar | The estrogen receptor binds tightly to its responsive element as a ligandinduced homodimer[END_REF]. The first assessments were mainly based on the use of band shift, and then the emergence of new technologies, such as surface plasmon resonance [START_REF] Cheskis | Estrogen Receptor Ligands Modulate Its Interaction with DNA[END_REF], fluorescence anisotropy [START_REF] Ozers | Equilibrium binding of estrogen receptor with DNA using fluorescence anisotropy[END_REF][START_REF] Ozers | The dissociation rate of estrogen receptor alpha from the consensus estrogen response element[END_REF], quartz crystal microbalance [START_REF] Su | Combinational application of surface plasmon resonance spectroscopy and quartz crystal microbalance for studying nuclear hormone receptorresponse element interactions[END_REF], gold nanoparticles [START_REF] Tan | Gold-nanoparticle-based assay for instantaneous detection of nuclear hormone receptor-response elements interactions[END_REF], silicon nanowire [START_REF] Zhang | Highly sensitive and reversible silicon nanowire biosensor to study nuclear hormone receptor protein and response element DNA interactions[END_REF], have permit to characterize the interaction properties of ERα towards ERE. Moreover knowledge in E2/ER/ERE interaction is used for the development of new screening methods in drug discovery [START_REF] Rich | Kinetic analysis of estrogen receptor/ligand interactions[END_REF] and also for the monitoring the presence of endocrine disrupting chemicals (EDC) in environment [START_REF] Habauzit | Determination of estrogen presence in water by SPR using estrogen receptor dimerization[END_REF][START_REF] Seifert | In vitro analysis of xenoestrogens by enzyme linked receptor assays (ELRA)[END_REF].

Previous papers have described ER/ERE interaction for several purposes [START_REF] Habauzit | SPR-based biosensors: a tool for biodetection of hormonal compounds[END_REF] by using Surface Plasmon Resonance as analytical tool. The first one is the molecular mechanism by which ER bind with E2 [START_REF] Rich | Kinetic analysis of estrogen receptor/ligand interactions[END_REF][START_REF] Seifert | In vitro analysis of xenoestrogens by enzyme linked receptor assays (ELRA)[END_REF], form a dimer [START_REF] Habauzit | Determination of estrogen presence in water by SPR using estrogen receptor dimerization[END_REF][START_REF] Jisa | Kinetic analysis of estrogen receptor homo-and heterodimerization in vitro[END_REF] and then interact alone or with cofactor on ERE [START_REF] Cheskis | Estrogen Receptor Ligands Modulate Its Interaction with DNA[END_REF][START_REF] Habauzit | Determination of estrogen presence in water by SPR using estrogen receptor dimerization[END_REF][START_REF] Li | Regulation of bcl-2 transcription by estrogen receptor-α and c-Jun in human endometrium[END_REF][START_REF] Song | Study sequence rules of estrogen receptor α-DNA interactions using dual polarization interferometry and computational modeling[END_REF][START_REF] Song | Spacer effect of cooperative binding of estrogen receptor α and specificity protein 1 to composite DNA: A surface plasmon resonance study[END_REF]. This knowledge was used for the determination of interaction properties (i.e interaction constant) and recently for environmental purpose (i.e detection or quantification) [START_REF] Habauzit | Determination of estrogen presence in water by SPR using estrogen receptor dimerization[END_REF][START_REF] Gao | Assessment of estrogenic activity of perfluoroalkyl acids based on ligandinduced conformation state of human estrogen receptor[END_REF][START_REF] Wong | A new bisphenol A derivative for estrogen receptor binding studies with surface plasmon resonance[END_REF]. But a discrepancy in the experimental conditions reported in the literature can be noticed [START_REF] Habauzit | Impact of biochemical design on estrogen receptor/estrogen response element interaction by surface plasmon resonance technology[END_REF] and few publications have detailed the biochemical parameters used and the influence of the parameters choice.

On the whole, this study aims to show the outstanding of ER preparation initial steps, generally not described in the literature, but that were found very fundamental for a reproducibility of the analytical method.

Three steps are necessary, ER is thawed, then ER is mixed with E2, and finally ER/E2 is injected for interaction with ERE. An overnight incubation at 4°C is required for ER dimerization [START_REF] Habauzit | Determination of estrogen presence in water by SPR using estrogen receptor dimerization[END_REF]. In our previous paper, we compared various experimental conditions usually employed for the determination of ER/ERE interaction properties [START_REF] Habauzit | Impact of biochemical design on estrogen receptor/estrogen response element interaction by surface plasmon resonance technology[END_REF] such as the effects of solvent in the estrogenic compounds solubilisation, the temperature and the time for the E2/ER incubation. Three parameters could deeply modify the ER binding level towards ERE [START_REF] Habauzit | Impact of biochemical design on estrogen receptor/estrogen response element interaction by surface plasmon resonance technology[END_REF]. A decrease of ER/ERE binding level was clearly observed depending on the temperature and time. Furthermore, incubation at different times and temperatures induce a decrease of the ER binding level, due to a thermal deactivation of the active ER form. In this context, the present paper aims to study the influence of the temperature of ER thaw and the presence of two additional compounds, which are known to avoid protein damages (bovine serum albumin (BSA) and protease inhibitor cocktail). These two last assessed parameters have (1) potential aspecific interaction with E2 and the surface or prevention of ER enzymatic degradation by competition (BSA) and have [START_REF] Klinge | Estrogen receptor interaction with estrogen response elements[END_REF] prevent ER enzymatic degradation by competition and involvement in ER stability (protease inhibitor cocktail).

Materials and methods

Reagents

Chemicals, Tris buffer, tween 20, methanol 17β-estradiol (E2), NaCl, MgCl2, bovine serum albumin (BSA) and EDTA free protease inhibitor cocktail for use with mammalian cell and tissue extract were analytical grade and purchase from Sigma-Aldrich (Saint Quentin Fallavier, France). Human recombinant estrogen receptor alpha (ERα), and estrogen response element (ERE) sequence were obtained as previously described [START_REF] Habauzit | Determination of estrogen presence in water by SPR using estrogen receptor dimerization[END_REF].

ER preparation and incubation period in ice or ambient temperature

ERα was stored at -80°C until their use and was then thaw on ice or at ambient temperature (22 °C) during 1 hour (Fig. 1). ER stock solution was diluted in TNMT buffer (50 mM Tris HCl, 150 mM NaCl, 10 mM MgCl2, 0.05% Tween 20, pH 7.5) to a final concentration of 100 nM, and then equally mix were stored either on ice or at ambient temperature for one hour (Fig. 1) with TNMT containing different concentrations of E2 previously dissolved in methanol. Methanol concentration was 0.1% in TNMT buffer. The final concentration of ER and E2 was 50 nM and between 1 nM and 100 nM respectively.

Preparation of BSA and protease inhibitor solution and mixing step with ER

BSA and anti-protease cocktail were prepared in TNMT buffer. ER solution (with or without E2) was prepared with anti-protease cocktail (1/2000 of TNMT) or BSA (final concentration of 1 mg/ml). Finally all ER preparations were incubated at least overnight before their analysis on Biacore instrument. 

SPR experiments

Experiments were performed at 25 °C on Biacore 1000 apparatus. After ERE immobilisation, ER samples were injected on the sensor chip with a flow rate of 20 µl/min during 2 min. After the injection the dissociation phase was followed during 180 s. ER binding level was measured 24 s after each injection. The surface was regenerated with 0.1% of SDS solution followed by 2 min in running buffer.

Results

Incubation temperature effects on the ER/ERE binding level

During manipulations implementing the ER / E2 / ERE interaction, several steps were required to set the temperature and time such as the ER thawing step and the incubation step of ERα protein with E2. The effect of these steps was evaluated by the measurement of the ER binding level on ERE in the presence of E2 concentration ranging from 10 -9 to 10 -7 M. As shown in Fig. 2, modification of temperature during these steps modify the ER binding in the presence of low concentration of E2 (10 -9 M) with an average of 1 247 ± 13 RU (mixing ambient) and 989 ± 9 RU (mixing ice) for ER protein thaw on ice and 669 ± 26 RU (mixing ambient) and 789 ± 53 RU (mixing on ice) for protein thaw at ambient temperature respectively (Fig. 2). Such discrepancies are also observed for high E2 concentration (10 -7 M) with an average of 2 097 ± 109 RU (mixing ambient) and 1 232 ± 91 RU (mixing ice) for ER protein thaw at ambient temperature and 1 131 ± 80 RU (mixing ambient) and 1 154 ± 97 RU (mixing on ice) for protein thaw on ice respectively. Three conditions (thawing ice/mixing ice; thawing ambient /mixing ice; thawing ambient/mixing ambient) reach the same level of ER binding in the presence of high concentration of E2. Considering the ratio of the signal ER with 10 -7 M E2 / signal ER with 10 -9 M E2 increase due to the increase of E2 concentration, the values are respectively 1.7, 1.2, 1.7 and 1.5 (Fig. 2 A-B) depending upon the step used.

Thawing ER protein on ice instead of ambient temperature induces a higher level of the basal ER binding level (Fig. 2A). But these differences are less pronounced for higher E2 concentration; the influence of the presence of E2 in the sample is lower when incubation was performed on ice, the ratio reaches 1.2 and 1.5 instead of 1.7 for room temperature incubation. Previously, high concentration of E2 was showed to be linked with ER dimerization [START_REF] Habauzit | Determination of estrogen presence in water by SPR using estrogen receptor dimerization[END_REF]. The whole results ask on the ER state during the experiment and the ER binding level may not represent the same event as previously published. As the ER binding level decreases with the temperature used during the sample preparation, the question of the level of degradation of the protein ER is raised at ambient temperature is worth mentioning. 

Effect of Protease inhibitor and BSA on ER/ERE binding level

No clear difference in the ER binding profiles is observed between thaw ice / mix ice and thaw ambient / mix ice. It may be due to the fact that during the ambient thaw step the temperature is not ambient but between -80°C and ambient temperature (Fig. 3). On the contrary, the combination with the second temperature step seems to be critical for ER binding level. Indeed, the ambient temperature after initial thaw step at ambient temperature produces a decrease of the ER binding level in the absence of E2 (Fig. 3 A-B). This decrease of around 25% is in the same order as those previously described after incubation at 21°C during two hours [START_REF] Habauzit | Impact of biochemical design on estrogen receptor/estrogen response element interaction by surface plasmon resonance technology[END_REF].

This decrease seems to demonstrate the thermal inactivation of ER is characterized by a decrease in the ER binding level. Moreover, the presence of a low amount of E2 prevents ER from this inactivation phenomena probably by maintaining ER in its active conformation. Indeed, high E2 concentration permits ER dimerization after overnight incubation (characterized by ligand dependent increase in ER binding level). Therefore the decrease of ER binding level on ERE after an ambient thawing could be linked either to a degradation of ER by proteolysis or by the influence of temperature on the protein folding. That decrease in binding level is never observed when ER is conserved on ice. Therefore, protease inhibitor cocktail and/or BSA were added to ER solutions (Fig. 3). The incubation was then performed in the same conditions.

The addition of protease inhibitor cocktail decreases the ER binding on ERE sequence. However, E2 induced an increase of the ER binding ratio that remain in the same range as after ice incubation with respectively 1.2 (Thawing ice /mixing ambient) and 1.5 (Thawing ambient /mixing ambient). Even if the protease inhibitor cocktail is EDTA free, the cocktail composition deeply prevents ER from binding to ERE as well as the ligand dependent dimerization of ER. The presence of BSA did not modify the ER binding level when the protein is incubated at ambient temperature regardless of the E2 concentration. The addition of BSA did not increase the SPR signal showing that there are neither interaction between ER and BSA nor aspecific BSA binding on the surface.

Fig. 3. Effect of conditions on the ER binding level onto ERE, either by comparison of the ER without E2 or with low or high concentration of E2 (A -B) or by studying the E2 dose effect on the ER binding level (C -D).

Discussion

Dimerization of ER is obtained in the presence of high concentrations of E2, but a decrease of the ER binding level was observed as a consequence of a thermal inactivation of ER [START_REF] Habauzit | Impact of biochemical design on estrogen receptor/estrogen response element interaction by surface plasmon resonance technology[END_REF]. Therefore, to decipher the role of time and thermal effect on ER activity, two critical parameters were assessed. The first one is the temperature of ER aliquot thaw. The second parameter is the temperature during ER/E2 mixing. The thawing step in ice and the mixing step at ambient temperature are necessary to obtain a high ER binding level. Then ER have to be incubated overnight at 4°C. The other conditions, ER stabilization with protease inhibitor cocktail or BSA, were also studied to show if the decrease of ER binding level is not linked to the ER enzymatic degradation. Indeed these two substances could inhibit the enzymatic degradation of ER.

Except the protease inhibitor treated samples, all samples showed an increase of the ER binding level depending on E2 concentration [START_REF] Habauzit | Determination of estrogen presence in water by SPR using estrogen receptor dimerization[END_REF][START_REF] Habauzit | Impact of biochemical design on estrogen receptor/estrogen response element interaction by surface plasmon resonance technology[END_REF]. This phenomena illustrates the importance of the 4°C overnight incubation that permits the dimerization process to occur. But the ER binding level magnitude as well as the ratio (ER high E2/ ER low E2) are linked with the temperature step occurring before the overnight incubation at 4°C. Less difference is observed for the sample thawed on ice and mixed at ambient temperature. Here the ambient mix seems to improve the ER binding capacity by a 60% increase of the binding level. It may illustrate the ER refolding by the combination of the temperature and the overnight incubation. And low concentration of E2 seems to mimic this effect by increasing ER binding level by 25% for samples thawed on ice and incubated on ice. Conversely, for ambient incubation conditions no differences were observed with or without low concentration of E2. Interestingly, anti-protease cocktail inhibit drastically the ER binding level. It is merely due to one component of the anti-protease cocktail that modifies the ER dimerization and binding, unlike BSA that did not modify the binding level. These two conditions underline that the decrease of the ER binding level is related to the temperatures of thawing and of mixing and not to an enzymatic degradation.

Conclusion

ER binding level to ERE depends on the physical and biochemical parameters used for the preparation of the samples and those used during the interaction measurements. Up to now, no works have tried to compare these parameters effects on the protein binding level on ERE sequence. Here we have shown that these conditions (temperature used for ER thaw, temperature used for the mixing step and adjunction of BSA and protease inhibitor cocktail) modify interactions and underline that some other effects could affect the protein binding such as thermal inactivation as previously shown. Therefore, measurement of affinity constants should not been performed before the critical biochemical parameters established. Indeed, our data showed that depending upon the protocol used for the study of ER binding properties, the dimerization and thermal denaturation could be equally studied making difficult to determine what phenomena are measured. In conclusion, for biosensor development the best parameters are the ER thaw in ice followed by incubation at ambient temperature without BSA or protease inhibitor cocktail. Finally such biochemical parameters therefore deeply modify biosensor answer.

Compliance with ethical standards

Conflict of interest: The authors declare that they have no competing interest

Fig. 1 .

 1 Fig. 1. Summary of experiment realized
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 2 Fig. 2. Thawing and mixing temperature effect on ER binding level. Mean of the ER binding level after thawing onto ice (A) or thawing at ambient temperature (B). (C) to (E): Temporal sensor response to sample containing different concentrations of E2; thawing on ice -Mixing ice (C) or mixing at ambient temperature (E) and thawing at ambient temperature -mixing ice (D) or mixing ambient (F). The data are shifted along the X-axis.