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Abstract 

 

The estrogen receptor (ER) is a transcription factor that binds under 17 β estradiol 

(E2) stimulation as homodimer to a short DNA consensus sequence named estrogen response 

element (ERE). The ER/ERE interaction has been assessed by several research groups 

through different methodologies notably by surface plasmon resonance (SPR) techniques. The 

biochemical parameters and conditions (solvent, ER concentration, salt, time and 

temperature) used to prepare samples before analysis were very different from one study to 

another. But no studies have aimed to compare the effect of these modifications on ER/ERE 

interaction. Therefore the main objective of the present paper was to assess the influence of 

biochemical parameters onto the ER/ERE interaction with the final aim to improve the 

comprehension of this interaction. Our results highlighted that parameters like solvent, ER 

concentration, salt and surfactant concentration, temperature and time deeply modify ER/ERE 

interaction. Nevertheless, the dimer formation under E2 stimulation occurred with all tested 

conditions. Altogether, incubation parameters of ER with E2, deeply modify its binding level 

onto ERE. These data constitute an important key point to consider for the improvement of 

ER/ERE detection method depending upon the aim of the study (interaction measurement, 

environmental detection, development of new technologies or devices).  

 

Keywords: Surface plasmon resonance, estrogen, estrogen receptor, dimerization, solvent, 

temperature 
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1. Introduction 

 

The estrogen receptor (ER) belongs to the family of nuclear receptor [1].  In cell the 

activity of this transcription factor (TF) is mainly due to its activation by steroid especially 17 

β estradiol (E2). In cells, this TF is implicated in several cellular function and orientation like 

in the proliferation [2], in the differentiation [3, 4], in the protection [5], and finally in gene 

expression.   

 

 Several experiments have been developed for the comprehension and for the 

characterization of the mechanism by which ER is activated by ligand and its binding capacity 

as a homodimer (ER/E2)2 to a specific DNA consensus sequence (ERE) located upstream of 

some estrogenic regulated genes. In this way several biophysical tools have been developed to 

explore the interaction phenomena such as fluorescence anisotropy [6-8], surface plasmon 

resonance (SPR) [9-12], FRET [13], electrochemical [14-16], resonant waveguide [17]. The 

main objectives were to determine the estrogenic compounds/ER interaction properties [18-

20], the ER/ER dimerization phenomena [13, 21], ER/ERE interaction mechanism and 

properties under estrogenic stimulation [9, 10]. 

 

 Now these interactions are used for several purposes such as i) comprehension of 

molecular interaction; ii) measurement of ER interaction properties; iii) evaluation of the 

estrogenic potential of compounds that mimic the natural hormone; iv) the development of 

new methods for environmental monitoring with direct and fast quantification of estrogenic 

compounds and finally; v) their use as a classical model of interaction for the development of 

new devices or apparatus for the biophysical measurement.  
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Among biophysical methods, SPR allows real time monitoring of direct interaction 

between molecules. The signal variation, expressed in resonance unit (RU), is proportional to 

the amount of bound molecules [11]. Recently, SPR technology has been extensively 

developed in the environmental field, especially for the assessment of molecular interactions 

or for the detection of pollutant [11, 22]. These developments are first due to its sensitivity 

without a pre-concentration step (low detection limit (ng/L)) [23]. Then, there is currently a 

high development of miniaturized portable systems [24]. However this technique requires 

knowledge on the interaction considered: in the case of estrogenic compounds, the interaction 

between the compound (like E2) and the estrogen receptor (ER) characterized by ER 

dimerization and bounding with the nucleic acid (ERE). Different SPR systems have been 

used to characterise notably the estrogenic compounds/ER interaction properties [18-20], the 

ER/ER dimerization [21], the ER/ERE binding mechanisms [9, 10, 12, 25-31], and ER 

interaction with some other transcription factors like SP1 [32]. 

 

In the characterization of (ER/E2)/ERE interaction [9, 10, 12, 25-31] (Fig. 1), various 

experimental conditions have been used such as solvent to dissolve E2, the range of ER 

concentration and the ER/E2 incubation parameters (Table 1) without any justifications. The 

diversity of the experimental conditions makes the establishment of this experimental 

approach difficult. Moreover, these variations of experimental design could explain few 

authors did not reproduce the increase of the ER binding level by SPR in the presence of E2 

[30]. Our work aims to homogenate protocol depending onto the aim of the study.  Therefore 

we evaluate the impact of i) the solvent used in ER/ERE and on (ER/E2)/ERE interactions; ii) 

the ER concentrations (10 nM or 50 nM); iii) the buffer salt concentration; iv) the temperature 

and time effects on dimer formation; and v) the temperature and time effects onto the dimer 

preservation. We aim to determine the optimum conditions for (ER/E2)/ERE interaction 
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analysis by considering the dimer formation best conditions, its preservation and its detection 

via a SPR system either for its use in fundamental studies or in screening purpose.  
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2. Materials and methods  

 

2.1. Reagents 

 

All chemicals used in this work were of analytical grade. Tris buffer, Tween 20, 

dimethyl sulfoxide (DMSO), methanol and 17β-estradiol (E2) were purchased from Sigma-

Aldrich (St Quentin Fallavier, France).  

 

TNMT (Tris, NaCl, MgCl2, and Tween) buffer contains 50 mM Tris HCl, 150 mM 

NaCl, 10 mM MgCl2, 0.05% Tween 20, pH 7.5. Three additional modified TNMT buffers 

were prepared: TNMT methanol (0.2% vol/vol), TNMT DMSO (0.2% vol/vol) and TNMT 

solvent free buffers. In the last one, E2 is prepared firstly in methanol then 2 µL is evaporated 

and E2 (solvent free) is dissolved in TNMT. 

 

Human recombinant ERα and Estrogen Response Element (ERE) used have been 

previously described [10]. 

 

2.2. Solutions preparation 

 

2.2.1 E2 solution  

 

E2 was dissolved in methanol or in DMSO and added to running buffer to prepare E2 

standards with final concentrations ranging from 2 to 2000 nM. Final methanol or DMSO 

concentrations were 0.2% (vol/vol) in TNMT buffer or milliQ water.  
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2.2.2 ER solution 

 

ER solutions were diluted in TNMT buffer for final concentration of 20 nM, 30 nM or 

100 nM.  

 

2.2.3 ER/E2 solution  

 

A volume of buffer containing or not E2 was mixed with an equal volume of ER 

solution. The final concentration of solvent and of ER was therefore 0.1% and 10, 15 or 50 

nM respectively.  

 

2.3. SPR experiments  

 

Biacore analysis has been performed at 25°C on Biacore 1000 apparatus. ERE was 

firstly bound onto the activated sensor chip surface streptavidin’s coated (SCSA) by injection 

of ERE solution (450 nM diluted in running buffer) at a flow rate of 5 μL/min. 

 

The ER/ERE interaction was measured by injecting 40 μL of the ER in the presence or 

in the absence of E2 onto the ERE bound sensor chip surface with a constant flow rate of 20 

μL/min. After reversion to running buffer, the dissociation phase was recorded for 180 s. 

After each injection, the surface was regenerated by injection of 20 μL of a 0.1% SDS 

solution (20 μL/min) followed by rinsing with running buffer for 2 min. One cycle of 

regeneration was enough to remove all bound proteins. 

 

The quantification of the binding ER/ERE was determined from the sensorgram 10 s 
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after the reversion to running buffer.  

 

Incubation kinetics for the binding of ER with E2 and the binding level offer onto 

ERE were assessed at different temperatures 0.1°C, 21.6°C, 25°C, 26.5°C, 30°C and 

compared to the reference incubation conditions (overnight at 4°C) determined in previous 

works [10]. Some experimental parameters such as conditioning of the surface and running 

buffer alone (TNMT buffer) have been previously described [10]. 
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3. Results and discussion 

 

Fig. 1 and table 1 summarize the method and the experimental parameters generally 

described in the literature for the detection of estrogenic compound by SPR (based on 

ER/ERE interaction). However, the parameters differ from one study to another as for 

example:  

 

- The solvent for E2 solubilization was either DMSO, ethanol or methanol and was used 

interchangeably without any justification.  

-  The concentrations of ER ranged from 10 nM up to 270 nM. These concentration 

values could influence the concentration of E2 needed to induce the ER dimerization.  

- The conditions of temperature and time used for ER/E2 incubation (to reach the 

dimerization of ER in the presence of E2) range from 37°C/5 minutes to 

4°C/overnight.  

 

However, for a more widespread use of SPR in this purpose, there is a need of 

standardized protocols. In the following, we tried to bring a light on the best conditions 

needed for the ER/ERE interaction study by SPR either for fundamental study purpose as well 

as for optimizing our endocrine disrupting chemical detection method. 17-β-estradiol (E2) 

was chosen as model estrogenic compounds.  

 

3.1. Solvent effect on the ER / ERE interaction.  

 

The solubility of E2 in pure water is relatively low (5.5 μM at 25°C and pH 7 [33]) 

and consequently, a co-solvent was used to improve the dissolution of E2. However, the 
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solvents modify the parameters of analysis (bulk refractive index corresponding to the blank 

of analysis (Fig. S1.A)) but also could modify the ER/ERE interaction either directly or 

indirectly by impacting the ER/E2 binding or then (ER/E2)/ERE interaction.  

 

The indirect effect of the solvent on ER/ERE interaction has been evaluated by using 

the dimerization of ER in the presence of E2. The ER (50 nM) was incubated overnight at 

4°C, with and without E2 (1000 nM) previously dissolved or not in solvent. The mixture was 

then injected on the ERE-SCSA. 0.1%-DMSO buffer induced difference of the bulk refractive 

index when compared to the TNMT alone and TNMT-0.1% methanol (respectively 220 RU 

and 190 RU) in particular for DMSO (1.8 more important at 350 RU) (Fig. S1.B).  

 

The ER binding level onto ERE is higher in TNMT-0.1% methanol (216 RU to 480 

RU, Fig. 2A), than in TNMT-0.1% DMSO (153 to 250 RU) and TNMT alone (162 to 282 

RU). In these conditions, the ER binding level was dependent of the solvent used for the 

estrogenic compound solubilisation, in particular with methanol compared to the other 

solvents (2.2 fold in methanol vs 1.7-1.6 in other conditions). This is due to the estrogenic 

effect on the dimerization process as previously described [10]. 

 

Thus, DMSO and methanol induced an opposite effect on the ER/ERE interaction: the 

first one decreasing the ER binding level, while the second one increasing it. Such solvent 

effects have been already described for other protein’s solubilisation by Hirota-Nakaoka et al. 

[34], who described the increase of the protein solubility with DMSO compared to alcohol. 

Moreover, they highlighted the higher denaturant effect of DMSO due to its polarity [34, 35]. 

So, DMSO could decrease the signal through its mild detergent effect. Methanol at low 
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concentration may induce a better ER folding state of the protein and improved its capacity to 

interact with ERE. 

 

E2 concentration influences also the ER/ERE binding SPR signal. At 50 nM E2, the 

resonance unit is doubled in all buffers as previously described in TNMT-0.1% methanol 

when the E2/ER molar ratio concentration reached 1:1 [10]. This ratio was verified with 

DMSO and solvent free buffer. Then, E2 concentrations ranging from 1 nM to 100 nM in 

TNMT solvent free, and TNMT-0.1% DMSO or TNMT-0.1% methanol were tested in the 

presence of 50 nM of ER (Fig. 2B). Although the level of binding is influenced by the 

solvents, the dimerization of ER protein occurred regardless the solvent but only when the 

E2/ER molar ratio reached 1:1 (Fig. 2B). However, methanol produced a higher of binding 

level. Consequently, in the following experiments, TNMT-0.1% methanol buffer has been 

used for better ER binding level monitoring. In conclusion, methanol should be used 

preferentially for detection methods in order to increase ER detection. But for fundame ntal 

study purpose the studies should use evaporated solvent for more physiologic conditions. In 

addition, the bulk refractive index linked to the solvent has been subtracted of all sensograms 

in the following part of the publication as advised [36]. 

 

3.2 Effect of the ER concentration on the ligand dependent homodimerization 

 

In SPR experiment described in the literature (Table 1), the concentration of ER 

ranges from 10 nM to 270 nM. The ER dimerization was obtained for an E2/ER ratio 1:1 

when ER concentration was 50 nM or more ([10] and present study). The influence of ER 

concentration was tested by measuring the binding of ER/E2 (obtained with incubation of ER 

at 10 nM with E2 at 1000 nM) in TNMT-0.1% methanol) onto the ERE-SCSA. E2 induced an 
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increase of the ER binding level (56 to 114 RU) corresponding to ER dimerization under E2 

stimulation (Fig. 3A). Such increase was shown reproducible: variation of 3 and 11% (n=3) 

respectively in the absence of E2 and in the presence of E2.  E2 (concentration ranging from 

0.5 nM to 1 µM) was then mixed with 10 nM of ER in order to verify the dependence of the 

dimerization to molecular 1:1 ratio (E2/ER). Low E2 concentration (from 0.5 to 5 nM) 

induced a constant ER binding level (Fig. 3B and 3C) while E2 concentrations higher than 5 

nM produced a strong increase (1.7 fold). This phenomenon may be attributed to the ligand 

dependent homodimerization of ER under E2 stimulation. Therefore the ligand dependent 

homodimerization occurred between 5 and 10 nM of E2. This range of concentrations is in 

agreement with previous published data [11]. A higher fixation level of ER was obtained 

when E2/ER molar ratio is reached 1:1 whatever the concentration of ER. 

 

3.3. Effect of the concentration of salt and detergent decrease onto ER / ERE 

interaction 

 

Increasing concentration of E2 was prepared either in TNMT buffer or in milliQ 

water. Then samples were equally mixed with ER previously dissolved in TNMT buffer. The 

final ER concentration was 10 nM in either TNMT or TNMT/water buffer. In this last sample 

the average salt and detergent concentrations were twice fold lower.  

 

The E2 concentrations between 5.10-10 M to 1.10-6 M induce the increase of ER 

binding level from 47 RU to 72 RU. As previously described, the ER binding level increases 

between 5 and 10 nM (Fig. 4). The same evolution is observed for ER and E2 incubated with 

TNMT/water. Nevertheless the overall binding is upper than those observe for the TNMT 

buffer. The binding level is between 153 to 295 RU in the TNMT/water assay. The increase 
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factor remained also the same with respectively 1.5 in TNMT and 1.9 in TNMT/water. 

Unlike, the ligand homodimerization of ER under E2 stimulation, the amount of ER binding 

is dependent upon the salt and detergent. Lower is the salt concentration, upper is the ER 

binding level, as previously described [8]. Moreover, Tween 20 allows the dissociation of 

molecules that are bound with a low free energy. Decrease of tween concentration could 

allow the increase of nonspecific bounding of ER [37] but ameliorates the ER detection 

sensitivity. 

 

3.4. Effect of incubation conditions for dimer formation 

 

In order to gain deeper insight on the ER dimerization, influence of time and 

temperature were assessed. The dimer could be obtained more rapidly for a temperature above 

4°C. As previously published [10], overnight incubation at 4°C during 12 hours allows to 

double the ER binding level and the complex is stable up to 60 hours when preserved at 4°C. 

Moreover, as shown in Table 1, an incubation time ranging from 5 min to overnight, with 

temperature from 0°C to 37.5°C has been used [9, 10, 12, 25-31, 38]. For the following, ER 

dimerization by using 4°C overnight was considered as the standard dimerization conditions. 

ER was mixed with or in the absence of E2 at 5 temperatures (0.1°C, 21.6°C, 25°C, 26.5°C, 

30°C) for 0 min to overnight and injected onto the ERE-SCSA. For each temperature, 

ER/ERE binding level has been monitored as a function of time (Fig. S2 and 5).  

 

Whatever the temperature and the presence or not of E2, the ER/ERE binding level 

decreased as a function of time (Fig. 5 and S2.B). However, the decrease was more important 

when the temperature increased (Fig. 5 and S2.B). Without E2, and after about 400 min of 

incubation, the decrease of SPR response reached 0.02, 0.54, 0.60, 0.84 and 0.74 RU/min at 
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respectively 0.1°C, 21.6°C, 25°C, 26.5°C, 30°C. With E2, the decrease was 0.02, 0.27, 0.48, 

0.65, and 0.69 at respectively 0.1°C, 21.6°C, 25°C, 26.5°C and 30°C. The decrease of 

ER/ERE binding level was then faster without E2. In addition, the protective effect of E2 was 

more marked at low temperatures: in the absence of E2, the ER/ERE binding decrease was 

1.8 times faster than with E2 at 21.6°C while it was 1.1 times faster at 30 °C. These data were 

consistent with stability experiments in thermal denaturation, in which E2 promoted an 

inhibition of ER denaturation [38, 39]. 

 

However, dimerization was observed (Fig. 5 and S2.B) in all cases except for 0.1°C 

(incubation on ice), probably due to a lack of molecular diffusion in sample. The condition of 

the dimer formation was summarized in Fig. 5. The time required to observe the dimer 

decreased with the temperature increase. For example, less than 90 min were necessary at 

26.5°C showing the possibility of a one day test. Nevertheless, the binding level and the 

increase were weak. In this way the parameters previously described [10], 4°C overnight, 

seems to be a better protocol for ER dimerization monitoring in fundamental study of 

ER/ERE interaction. For environmental monitoring, faster analysis is possible with incubation 

during 90 min at 26.5°C. Finally, the variability of the ER binding level depending upon the 

incubation time and temperature could explain why Pearson et al (2001) [30] did not 

reproduce the increase of the ER binding level by SPR neither at 4°C or 25°C after 1 hour 

(Fig. 5). 

 

3.5. Stability over time of the (ER/E2)/ERE binding level after an initial incubation at 

4°C overnight 
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Impact of time and temperature on the stability of dimer was explored after an initial 

incubation overnight at 4°C. Samples were maintained up to 535 min at two temperatures 4°C 

and 25°C before analysis by SPR (Fig. 6). At 4°C the ER/ERE binding was stable at least for 

535 min (~9 h), either with or without E2 (Fig. 6 and Fig. S3.A and S3.C). At 25°C, the 

binding level of ER decreases with time. This decrease reaches 1.4 times less than the initial 

binding level in the absence of E2 and 3 times less than the initial binding level in the 

presence of E2 (Fig. 6, and Fig. S3.B and S3.D). ER binding level stability is influenced 

deeply by temperature even if the concentration remains the same and the previous incubation 

was common (4°C, overnight). This decrease was probably due to thermal instability of ER, 

in the presence or in the absence of E2. Therefore, after an initial incubation period, samples 

must be conserved at 4°C for preserving the integrity of the binding level signal and the 

binding level of ER is highly reproducible.  

 

4. Conclusion 

 

Several protocols have been established to study the ER/ERE interaction using SPR 

technology in the presence or in the absence of estradiol. The main objective of this work was 

to evaluate the impact of the different experimental conditions in order to impro ve the study 

of the ER/ERE binding and then to use this knowledge for the improvement of EDCs’ test in 

environmental monitoring purpose. Here we evidence that the ER/ERE interaction is deeply 

influenced by all tested parameters such as: the solvent used the protein concentration, the 

time and the temperature. This diversity in experimental setup makes difficult the result 

comparison [30].  

 

These results allowed drawing two strategies depending upon the aim of the study.  
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- For environmental detection test: EDC should be extracted and be concentrated in 

methanol. The use of this solvent allowed to increases the signal intensity making the 

detection easier. Then the extract was diluted in TNMT and was mixed with ER 

protein at a final concentration of 15 nM. The ER mix with tested-water could 

decrease the salt and detergent concentration and therefore increase the overall ER 

binding level and therefore the sensitivity of the method. Finally the extract and ER 

were then incubated at 26°C during 90 minutes. Samples were then injected on ERE 

surface. If the sample could be not injected immediately on ERE surface, it must be 

conserved at 4°C up to their analysis. The analysis could be therefore perfo rmed in 

less than 2 hours and the development of this SPR technology will merely permit to 

decrease analysis time and improve the limit of detection thanks to the development of 

SPR sensitivity. Finally, the ER binding level and ER concentration will define the 

amount of E2 equivalent in the sample.  

 

- For fundamental studies: incubation overnight at 4°C should be use preferentially with 

no solvent or methanol only. Moreover as protocol (solvent, protein concentration, 

time and temperature) influence deeply the binding level of ER onto the ERE, it could 

be difficult to calculate easily a true affinity constant for ER. The binding level 

comparison between control conditions and E2 effect seems to be currently the main 

way in ER/ERE interaction study.  

Abbreviations  

ER, estrogen receptor; ERE estrogen response element; E2, 17 β estradiol; SPR, surface 

plasmon resonance; RU, resonance unit; TNMT, Tris Nacl MgCl tween buffer; SCSA, sensor 

chip surface streptavidin’s coated; DMSO, dimethyl sulfoxide; Na: not available
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Table Legend 

Table 1: ER / E2 incubation parameters for ER / ERE interaction experiments by SPR 

in literature. Na: not available 

 

Figures Legends  

 

Fig. 1: Assay design used in this study 

 

Fig. 2: Effect of the added solvent in TNMT buffer on ER/ERE interaction 

A: Impact of solvent on ER/ERE interaction in the presence of E2. Sensorgrams were 

obtained with the injection of a mix containing 50 nM ER with 100 nM E2 or without E2 

dissolved in different solvents: in TNMT free solvent TNMT (evaporated methano l) or with 

0.1% of methanol, with 0.1% of DMSO.  

B: Evolution of the ligand dependent ER binding level prepared with or without DMSO and 

methanol. 

 

Fig. 3: ER binding on ERE at 10 nM as a function of E2 concentration diluted in 0.1% 

methanol-TNMT buffer 

A: Sensograms obtained with the injection of 10 nM ER, previously incubated overnight at 

4°C with or without 1000 nM E2. Binding level in each condition was sum up in the 

histogram inside the sensogram.  

B: Sensorgrams obtained with injection of ER mixed with increasing amounts of E2 (from 

5.10−11 to 10−5 M). Signals increased with the concentration of E2 (bottom to top).  
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C: Evolution of the ligand dependent ER binding level at 10 nM in function of E2 

concentration 

 

Fig. 4: Effect of the decrease of the salt and detergent concentration on the ER/ERE 

interaction 

ER was equally mixed either with E2 previously dissolved in TNMT buffer or in pure water. 

The binding level was then monitored by SPR experiment.  

 

Fig. 5: Impact of temperature and time on the dimer formation 

Kinetics and ratio of ER binding level in the presence or in the absence of E2 at different 

temperatures obtained from Fig. S2 A&B. 

 

Fig. 6: Stability of ER binding level over time at 4°C and 25°C in the presence or in the 

absence of E2 after an initial incubation overnight at 4°C.  

ER (50 nM) in the absence or in the presence of E2 (1000 nM) in 0.1% methanol TNMT 

buffer were incubated overnight at 4°C for dimer formation. Before their injection on Biacore 

system, samples were then kept at 4°C and 25°C. The data were obtained from Figure S3.  
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Table 1 

ER nM 

E2 

nM 

Solvent used 

for E2 

solubilisation 

% 

Solvent 

Incubation 

Time  

Incubation 

Temperature  

Reference 

50 
10 to 

100 

DMSO 0.2% 15 min Ice  [28] 

24.5 0 to 100 Na Na 45 min 4°C [27] 

90 1000 Na Na 1 h 25°C and 4°C [30] 

35-270  1000 Na Na overnight Na [9] 

50 

0.5 to 

1000 
Methanol 0.1% overnight 4°C [10] 

125-110 10 Ethanol 0.1% 30 min 4°C [12, 31, 40] 

10 1 Ethanol Na 30 min 

room 

temperature 
[26] 

200 
0.1 to 

10000 

DMSO 0.1% 5 min 37°C [29] 

20 
1 to 

10000 

DMSO 0.1% 5 min 37°C [25] 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 

 

 

 


