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Methods of ERK phosphorylation experiments

The AlphaLisa SureFire Ultra pERK 1/2 Assay kit (Perkin Elmer, Waltham, MA, USA) recommends performing assessment of ERK phosphorylation by a two-plate method for adherently growing cells and a one-plate method for cells growing in suspension. Based on these recommendations, we initially applied the two-plate assay. However, inter-sample variability within an experiment was too large to allow robust quantification of phosphorylated ERK (pERK). As replicates of lysate from a single well consistently yielded low variability, we assume that the high variability is due to variable loss of loosely attached cells during the washing step. This was similarly observed in 96 well (recommended standard), 24 and 48 well plates and in standard and coated plates from several manufacturers. Therefore, we switched to the one-plate assay which does not involve washing steps and, accordingly, yielded less inter-sample variability within an experiment. For the one-plate assay, cells were cultured in serum-free medium for 24 h, harvested, counted and resuspended in HBSS. We then added 4 µL of suspension (5 million/mL or dilutions thereof) to each well in a 384 well Optiplate. Following incubation for two hours at 37°, we stimulated the cells by adding 4 µL vehicle or isoprenaline solution (10 µM final concentration, dissolved in HBSS supplemented with 0.1% BSA). After 5 min of stimulation, reactions were stopped by adding 2 µL lysis buffer, followed by placing the plate on a rotary shaker for 10 min. Thereafter, Acceptor beads mix (5 μL) was added followed by another 10 min of incubation at room temperature, and then addition of the streptavidin mix (5 μL) under subdued lighting and covered by TopSeal. After another 2 min on the rotary shaker, the plates were incubated at room temperature for approximately 20 h under coverage with TopSeal and followed by detection using the Enspire Multimode plate reader (Perkin Elmer). This consistently yielded quadruplicates with low inter-sample variability.
In contrast, our pERK assay does not include a standard curve and only allows quantification of signals relative to basal values within the same experiment. Therefore, pERK data are presented as % of matched basal with each data point being the mean of a quadruplicate measurement (see Results).
As we had not previously done ERK activation studies with β3-adrenoceptors in HEK cells, we had no basis for sample size determination for ERK phosphorylation; after having tried numerous assay conditions with the two-plate and the one-plate method, we stopped the assessment of ERK phosphorylation after n = 5 in the final chosen protocol (see above) because of obvious futility.

Results of ERK phosphorylation experiments
[bookmark: _GoBack]We have tested a range of experimental conditions to explore effects of isoprenaline on ERK phosphorylation; these included using the two-plate and one-plate method as described by the manufacturer, cell culture plates with and without coating from several manufacturers, various stimulation times and various cell numbers in the assay. None of them yielded robustly detectable ERK phosphorylation. Based on these pilot experiments, we considered using 10 µM isoprenaline for 5 min in the one-plate assay (see Methods) as the most promising approach and have tested this in 5 experiments each using 2,500, 5,000, 10,000 and 20,000 cells/well. These experiments, in line with the various pilot experiments, did not detect robust pERK stimulation by as compared to basal values (Supplemental Figure).

Discussion of ERK phosphorylation experiments
ERK phosphorylation is an alternative signalling pathway for β3-adrenoceptors detectable in some cell types such as CHO cells (Hutchinson et al., 2005; Sato et al., 2007; Sato et al., 2008) but, similar to other Gs-coupled receptors, β3-adrenoceptors tend to cause only moderate ERK phosphorylation unless expressed at very high densities. Methods such as immunoblotting may be more sensitive to detect ERK phosphorylation than the AlphaLisa SureFire Ultra pERK 1/2 Assay kit used in the present study. However, the aim of the present study has not been to test whether β3-adrenoceptor stimulation can activate ERK but rather whether pre-treatment with agonist desensitizes this. This study aim requires a robust signal and an assay suitable for the large number of data points needed for concentration-responses curves with and without pre-treatment. 

Despite intensive efforts including numerous assay variations, we were unable to detect robustly quantifiable isoprenaline-induced ERK phosphorylation in the HEK cells. Two findings indicate that this is not a false negative. Firstly, a positive control for pERK (included in the kit) was used in each experiment and always yielded a positive signal. Second, we detected β3-adrenoceptor-induced ERK phosphorylation using the same methods in transfected CHO cells (Okeke et al., 2018). 

[bookmark: _Hlk520202732]The lack of pERK detection in the present study may not be surprising as β3-adrenoceptor-induced ERK phosphorylation has been reported to be a PTX-sensitive cellular response (Gerhardt et al., 1999; Soeder et al., 1999; Cao et al., 2000; Sato et al., 2008) and our present and previous data (Michel-Reher and Michel, 2013) do not support major Gi coupling of β3-adrenoceptors expressed in HEK cells. Moreover, data obtained with β2-adrenoceptors in a different model suggest that cAMP-elevating agents may have inhibitors effects on ERK phosphorylation (Pon et al., 2016), raising the possibility that stimulatory and inhibitory effects may cancel each other in some cell types. Therefore, we conclude that HEK cells are unsuitable to study desensitization of ERK phosphorylation by β3-adrenoceptor agonism; other cell types may be required to address this question. In line with this conclusion, it has been reported that ERK phosphorylation previously observed upon stimulation with isoprenaline in HEK cells is not mediated by β- but rather by α1A-adrenoceptors (Copik et al., 2015). Of note, this conclusion explicitly does not rule out the existence of weak β3-adrenoceptor coupling to ERK phosphorylation in HEK cells. On the other hand, it should be noted that biased signalling at β3-adrenoceptors is not limited to ERK phosphorylation but may also involve other pathways such as p38 phosphorylation or extracellular acidification rate (Sato et al., 2007; Sato et al., 2008).

Supplemental Figure: Effect of 10 µM isoprenaline on pERK at different cell numbers per well. Each data point represents one experiment and is the mean in the isoprenaline quadruplicate expressed as % of the mean in basal quadruplicate. Basal values varied considerably between experiments and ranged from 4,000 to 76,000 for 2,500 cells, from 16,000 to 250,000 for 5,000 cells, from 52,000 to 490,000 for 10,000 cells, and from 126,000 to 625,000 for 20,000 cells per well. Horizontal lines are means with 95% confidence intervals; the dashed horizontal line indicates the line of identity with basal.
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