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Abstract 18 

G protein-coupled receptors (GPCRs) are vital signal transducers that upon activation become 19 

phosphorylated on intracellular serine and threonine residues. Although antibodies that 20 

specifically recognize the phosphorylation state of GPCRs have been available for many 21 

years, efficient immunolocalization of phosphorylated receptors in their tissues of origin has 22 

remained elusive. Here we show that GPCR phosphorylation is very unstable during routine 23 

immunohistochemical procedures, necessitating the presence of appropriate phosphatase 24 

inhibitors throughout both fixation and staining procedures. We provide proof of concept 25 

using three out of four phosphorylation state-specific μ-opioid receptor antibodies and show 26 

that this approach can be readily extended to other prototypical GPCRs such as the CB1 27 

cannabinoid receptor. In summary, this improved protocol will facilitate the widespread 28 

application of phosphorylation state-specific antibodies to monitor the physiological and 29 

pharmacological activation of endogenous GPCRs. 30 

31 
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Introduction 32 

Serine/threonine phosphorylation is the most important post-translational modification of 33 

GPCRs 1-5. A widely used approach to analyze GPCR phosphorylation is the use of 34 

phosphosite-specific antibodies 6-9. When available, such antibodies are valuable tools to 35 

elucidate the temporal dynamics of receptor phosphorylation, identify relevant kinases and 36 

phosphatases, and detect receptor activation using immunoblotting techniques7, 10-15. 37 

However, previous attempts using routine immunohistochemical approaches to unequivocally 38 

reveal agonist-induced phosphorylation of endogenous GPCRs in native tissues largely failed. 39 

In intact cells, GPCR dephosphorylation is regulated in time and space, beginning 40 

immediately after receptor activation at the plasma membrane 16. Indeed, phosphosite-specific 41 

antibodies in combination with siRNAs have led to the identification of distinct protein 42 

phosphatase 1 (PP1) and PP2 catalytic subunits as bona fide GPCR phosphatases 17-22. For 43 

many receptors, dephosphorylation is complete within 10 to 30 minutes after agonist washout 44 

17, 18, 21. A notable exception is the agonist-induced phosphorylation of S341/S343 at the SST2 45 

somatostatin receptor, which persists for considerably longer periods 21. Consequently, 46 

activated SST2 receptors could be successfully localized using pS341/pS343-SST2 antibodies 47 

under routine immunohistochemical conditions 23. However, this approach could not easily be 48 

reproduced for other SST2 sites or other GPCRs. 49 

The ability to visualize activated and phosphorylated GPCRs in their tissues of origin 50 

would provide important clues to the physiological and pharmacological regulation of 51 

receptor activation. In particular, it would allow for distinction between currently-activated 52 

and resting GPCR populations in the context of particular physiological or behavioral 53 

conditions. We were therefore motivated to develop and validate immunohistochemical 54 

fixation and staining procedures that can be universally applied to prototypical GPCRs. Our 55 
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improved protocol will facilitate the widespread application of phosphosite-specific 56 

antibodies as biosensors for receptor activation in academic and pharmaceutical research. 57 

 58 

Results 59 

Dephosphorylation of GPCRs occurs rapidly in intact cells and is mediated by the protein 60 

phosphatases PP1 and PP2 16. Serine/threonine phosphatases are known to be activated during 61 

cell lysis and tissue fixation procedures. We therefore systematically tested the inclusion of 62 

appropriate protein phosphatase inhibitors (PPIs) during tissue fixation and/or 63 

immunohistochemical staining procedures. For this purpose, mice were treated with either 64 

methadone or saline, perfusion fixed, and slices of brain and spinal cord were stained with 65 

phosphosite-specific µ-opioid receptor (MOP) or phosphorylation-independent np-MOP 66 

antibodies. As expected, staining using the np-MOP antibody was present in the superficial 67 

layers of the spinal cord, regardless of drug treatment or the presence of phosphatase 68 

inhibitors (Fig. 1). In contrast, immunostaining for pT379-MOP was only detected in 69 

methadone-treated animals when a cocktail of appropriate phosphatase inhibitors was present 70 

during both tissue fixation and throughout the staining procedure (Fig. 1). 71 

Four unique serine and threonine residues are phosphorylated in MOP in response to 72 

full agonists 8, 15. Phosphosite-specific antibodies have been generated for all of these sites, 73 

which work equally well in immunoblot applications 7, 24, 25. We found that three out of four, 74 

namely pS375-MOP, pT376-MOP and pT379-MOP, but not pT370-MOP, are also well 75 

suited for immunohistochemical staining of phosphorylated MOP under these conditions (Fig. 76 

2 upper panel). Neither p-MOP nor np-MOP staining was apparent in MOP knockout mice 77 

(Fig. 2 lower panel).. To further substantiate the specific binding of phospho-MOP 78 

antibodies, we performed peptide neutralization controls. When pS375-MOP or pT379-MOP 79 

antibodies were incubated with an excess of their respective immunizing peptide containing 80 
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S375 or T379 in phosphorylated form, immunostaining was completely absent in the 81 

superficial layers of the spinal cord (Fig. 3). In contrast, immunostaining was virtually 82 

unaffected by the addition of the corresponding non-phosphorylated peptides, indicating 83 

unequivocal detection of agonist-dependent S375 and T379 phosphorylation of MOP (Fig. 3).  84 

The antagonist naloxone drives MOP into an inactive state, preventing agonist-85 

induced phosphorylation. When mice were treated with the selective MOP agonist fentanyl, 86 

we found the typical staining pattern for pS375-MOP, pT376-MOP and pT379-MOP as 87 

evidence of MOP activation. In contrast, this staining was not detected in animals injected 88 

with naloxone immediately prior to fentanyl challenge, indicating that MOP activation was 89 

blocked by the antagonist (Fig. 4). Next, we compared the immunostaining patterns obtained 90 

for phospho-MOP with total MOP obtained with an antibody that detects the receptor in a 91 

phosphorylation-independent manner. While there was good overlap in many brain regions, 92 

including habenula and fasciculus retroflex, neither pS375-MOP, pT376-MOP, nor pT379-93 

MOP immunostaining was evident in the nucleus accumbens or caudate putamen (Fig. 5). 94 

These results suggest that region-specific MOP activation patterns exist, which can now be 95 

visualized for the first time. 96 

The final set of experiments was designed to extend this new approach to another 97 

prototypical GPCR namely the CB1 cannabinoid receptor. In fact, the p425-CB1 antibody 98 

produced staining in hippocampus and cortex closely resembling that of the np-CB1 antibody 99 

only when mice were treated with CP-55940 but not in untreated mice 26 (Fig. 6). This 100 

staining was completely abolished when the p425-CB1 antibody was neutralized with its 101 

immunizing peptide or when CP-55940 action was blocked with antagonist (Fig. 6). At higher 102 

magnification it became apparent that in CP-55940- treated mice the p425-CB1 antibody 103 

exclusively labelled fibers and terminals similar to that seen with the np-CB1 antibody (Fig. 104 

7).105 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted June 16, 2022. ; https://doi.org/10.1101/2022.06.14.496067doi: bioRxiv preprint 

https://doi.org/10.1101/2022.06.14.496067


 6

Discussion 106 

GPCRs are privileged targets for small molecule drugs in almost all therapeutic areas 27. 107 

However, to date, the visualization of therapeutic drug effects on endogenously expressed 108 

GPCRs in native tissues has remained a major challenge. Activation of GPCRs by their 109 

endogenous ligands or exogenous agonists results in conformational changes that are 110 

recognized by a family of kinases termed G protein-coupled receptor kinases (GRKs) 1-5. The 111 

unique ability of GRKs to recognize activated receptors results in agonist-dependent 112 

phosphorylation at intracellular serine and threonine residues 1-5. Thus, analysis of agonist-113 

driven phosphorylation of GPCRs can provide valuable insights into receptor activation. 114 

Antibodies that specifically recognize the GPCR phosphorylation state have been available in 115 

some cases over the last 20 years. Indeed, phosphosite-specific GPCR antibodies have proven 116 

useful to detect receptor activation and to profile the pharmacological properties of new 117 

ligands 12-15. To date, however, their utility has been largely limited to immunoblotting 118 

approaches using heterologous receptor expression systems, while detection of 119 

phosphorylated GPCRs from tissue lysates has been mostly unsuccessful, due to their low 120 

abundance in vivo. 121 

 Here we have systematically developed an improved immunohistochemical staining 122 

procedure that allows for visualization of opioid drug effects in the mouse brain in vivo. We 123 

also show that this approach can be easily extended to other prototypical GPCRs such as the 124 

CB1 cannabinoid receptor. Key to this new protocol was the finding that GPCR 125 

phosphorylation is highly unstable during routine immunohistochemistry and that inclusion of 126 

protein phosphatase inhibitors was required during both the fixation and staining procedures. 127 

Several lines of evidence suggest that our approach facilitates the localization of bona fide 128 

phosphorylated GPCRs. First, phospho-GPCR immunostaining strongly increased when 129 

animals had been treated with agonist. Conversely, immunostaining was not detected when 130 
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agonist action was blocked by antagonist. Second, robust phospho-GPCR immunostaining 131 

was only apparent when appropriate protein phosphatase inhibitors were included in all steps 132 

of fixation and staining procedures. Third, phospho-GPCR immunostaining was completely 133 

neutralized by preincubation with cognate phosphorylated peptides but not with the 134 

corresponding non-phosphorylated peptides. 135 

In summary, we provide a proof of concept for using phosphorylation state-specific 136 

antibodies as biosensors to elucidate GPCR activation in native tissues. Our approach not 137 

only facilitates the visualization of the effects of agonists and antagonists in preclinical animal 138 

studies, but also in human tissues. It also allows for elucidation of different cellular and 139 

subcellular activation patterns in response to external stimuli or drug administration. 140 

Therefore, phosphorylation state-specific antibodies are a new class of biomarkers of GPCR 141 

activation that are likely to find widespread application in academic and pharmaceutical 142 

research. 143 

144 
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Figure legends 145 

 146 

Fig. 1. Comparison of phospho-MOP immunohistochemistry in the presence or absence of 147 

protein phosphatase inhibitors. (A, B) Animals were either treated with methadone or saline 148 

for 30 min, transcardially perfused, fixed and stained in the presence (+) or absence (-) of 149 

protein phosphatase inhibitors (PPI). Shown are confocal images of coronal sections of the 150 

spinal cord stained with pT379-MOP or np-MOP antibody. Note that PPIs need to be present 151 

during both fixation and staining procedures to obtain agonist-induced phospho-MOP 152 

immunostaining. Scale bar = 250 µm. 153 

 154 

Fig. 2. Immunohistochemical staining of agonist-induced MOP phosphorylation in the mouse 155 

spinal cord. Animals were treated with methadone or saline for 30 min, transcardially 156 

perfused, fixed and stained in the presence of PPIs. Shown are confocal images of coronal 157 

sections of the spinal cord stained with phosphosite-specific antibodies pT370-MOP, pS375-158 

MOP, pT376-MOP and pT379-MOP, or phosphorylation independent np-MOP antibody. 159 

Note that pS375-MOP, pT376-MOP and pT379-MOP, but not pT370-MOP, revealed an 160 

agonist-dependent MOP phosphorylation immunostaining in a pattern closely resembling that 161 

of agonist-independent np-MOP imunostaining. Scale bar = 250 µm. 162 

 163 

Fig. 3. Peptide neutralization of agonist-induced MOP phosphorylation staining in the mouse 164 

spinal cord. Animals were treated with methadone for 30 min, transcardially perfused, fixed 165 

and stained in the presence of PPIs. Shown are confocal images of coronal sections of the 166 

spinal cord stained with phosphosite-specific antibodies pS375-MOP or pT379-MOP in the 167 

presence or absence of their immunizing peptides containing S375 or T379 in phosphorylated 168 

form (p-Peptide) or the corresponding non-phosphorylated peptide (np-Peptide). Note that 169 
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phospho-MOP immunostaining was completely neutralized by excess of phosphorylated 170 

peptide but not of non-phosphorylated peptide. Scale bar = 250 µm. 171 

 172 

Fig. 4. Antagonist block of phospho-MOP immunostaining. Animals were either treated with 173 

saline or fentanyl for 15 min. Where indicated, animals were pretreated with naloxone for 10 174 

min followed by 15-min fentanyl treatment. Animals were then transcardially perfused, fixed 175 

and stained in the presence of PPIs. Shown are confocal images of coronal sections of the 176 

spinal cord stained with phosphosite-specific antibodies pS375-MOP, pT376-MOP or pT379-177 

MOP or phosphorylation independent np-MOP antibody. Note that agonist-induced phospho-178 

MOP immunostaining is diminished by antagonist treatment. Scale bar = 250 µm. 179 

 180 

Fig. 5. Agonist-induced phospho-MOP immunostaining in mouse brain. Animals were treated 181 

with methadone for 30 min, transcardially perfused, fixed and stained in the presence of PPIs. 182 

Shown are confocal images of coronal brain sections stained with phosphosite-specific 183 

antibodies pS375-MOP, pT376-MOP or pT379-MOP or phosphorylation independent np-184 

MOP antibody. Note that all three phosphosite-specific antibodies detected agonist-induced 185 

MOP phosphorylation in the medial habenula and fasciculus retroflexus but not in nucleus 186 

accumbens or caudate putamen, a brain regions known to be rich in MOP receptors as shown 187 

by np-MOP antibody staining. Scale bar = 250 µm. 188 

 189 

Fig. 6. Agonist-induced phospho-CB1 immunostaining in mouse brain. Animals were either 190 

treated with Vehicle or CP-55940 for 30 min. Where indicated, animals were pretreated with 191 

AM251 for 45 min followed by 30-min CP-55940 treatment. Animals were then 192 

transcardially perfused, fixed and stained in the presence of PPIs. Shown are confocal images 193 

of coronal brain sections stained with phosphosite-specific antibody pS425-CB1, in the 194 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted June 16, 2022. ; https://doi.org/10.1101/2022.06.14.496067doi: bioRxiv preprint 

https://doi.org/10.1101/2022.06.14.496067


 10

presence or absence of the p-Peptide containing S425 in phosphorylated form, or 195 

phosphorylation independent np-CB1 antibody. Note that agonist-induced phopho-CB1 196 

immunostaining is diminished by antagonist treatment. Note that phospho-CB1 197 

immunostaining was completely neutralized by excess of phosphorylated peptide. Scale bar = 198 

1000 µm and 250 µm. 199 

 200 

Fig. 7. Agonist-induced phospho-CB1 immunostaining in mouse brain. Animals were either 201 

treated with Vehicle or CP-55940 for 30 min. Animals were then transcardially perfused, 202 

fixed and stained in the presence of PPIs. Shown are confocal images of coronal brain 203 

sections stained with phosphosite-specific antibody pS425-CB1. Note that agonist-induced 204 

phopho-CB1 immunostaining is localized to fibers and terminals in cortex and hippocampus. 205 

Scale bar = 100 µm. 206 

 207 

 208 

209 
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Methods 210 
 211 

Antibodies 212 

The phosphorylation state-specific MOP antibodies pT370-MOP (7TM0319B), pS375-MOP 213 

(7TM0319C), pT376-MOP (7TM0319D), pT379-MOP (7TM0319E), pS245-CB1 antibody 214 

(7TM0056A) and the phosphorylation-independent antibodies np-MOP (7TM0319N) were 215 

provided by 7TM Antibodies (www.7tmantibodies.com). The np-MOP was from abcam 216 

(ab134054) and the np-CB1 antibody from Cayman (10006590). 217 

 218 

Animals 219 

Mice (JAXTM C57Bl/6J obtained from Charles River) were housed 2–5 per cage under a 12-220 

hr light-dark cycle with ad libitum access to food and water. All animal experiments were 221 

approved by Thuringian state authorities and performed in accordance with European 222 

Commission regulations for the care and use of laboratory animals. Our study is reported in 223 

accordance with ARRIVE guidelines 28. In all experiments, male and female mice aged 8–30 224 

weeks between 25 and 35 g body weight were used. 225 

 226 

Drugs and routes of administration 227 

All drugs were freshly prepared prior to use and were injected subcutaneously (s.c.) or 228 

intraperitoneally (i.p.) in unanaesthetized mice at a volume of 10 μl/g bodyweight. Opioid 229 

drugs were diluted in 0.9% (w/v) saline and cannabinoid drugs in vehicle solution, containing 230 

13.2% ethanol and 0.25%Tween80 in 0.9% saline, for injections. Drugs were obtained and 231 

used as follows: fentanyl citrate (0.3 mg/kg for 15 min; s.c.) (B. Braun 06900650), 232 

levomethadone hydrochloride (15 mg/kg for 30 min; s.c.) (Sanofi-Aventis 07480196), 233 

naloxone (2 mg/kg for 25 min; s.c.) (Ratiopharm 04788930), CP-55940 (0.75 mg/kg for 30 234 

min; i.p.) (Sigma-Aldrich C1112) and AM251 (3 mg/kg for 45 min; i.p.) (MedChemExpress 235 
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183232-66-8). CP-55940 was dissolved in vehicle solution containing ethanol, NaCl and 236 

Tween80. A total of 35 mice (n=4-6 per treatment condition) were used.  237 

 238 

Immunohistochemistry 239 

Mice were deeply anaesthetized with isoflurane (CP-Pharma 4001404) and then subjected to a 240 

transcardial perfusion with calcium-free Tyrode’s solution containing protein phosphatase-241 

inhibitors (+PPIs) (1 tablet PhosSTOP per 10 ml) (Roche 04906845001) followed by 242 

Zamboni’s fixative containing 4% paraformaldehyde and 0.2% picric acid in 0.1 M phosphate 243 

buffer pH 7.4 +PPIs. Brains and spinal cords were rapidly dissected and postfixed in the same 244 

fixative for 4 h at room temperature. The tissue was cryoprotected by immersion in 10% 245 

sucrose +PPIs followed by 30% sucrose +PPIs for 48 h at 4 °C before sectioning using a 246 

freezing microtome. Tissue was cut into 40 μm sections. Free-floating sections were washed 247 

in PBS +PPIs and incubated in methanol containing 0.3% H2O2 for 30 min. After washing in 248 

PBS-T (PBS + 0,3% Tween®20), the sections were blocked in PBS containing 0.3% Triton 249 

X-100, PPIs and 10% NGS for 2 h. Subsequently, the sections were incubated with primary 250 

antibody in PBS containing 0.3% Triton X-100, 2% NGS +PPI overnight at 4°C. Where 251 

indicated, primary antibodies were preincubated with 1 µg/ml of their cognate phospho-252 

peptide or the corresponding non-phospho-peptide for 1 h at room temperature. Staining of 253 

primary antibody was detected using the biotin amplification procedure as described 29, 30. 254 

Briefly, tissue sections were transferred to biotinylated donkey anti-rabbit IgG (1:300 in PBS 255 

containing 0.3% Triton X-100, PPIs and 10% NGS) for 2 h, washed in PBS-T plus PPIs and 256 

then incubated in AB solution (reagents from the Vector ABC kit; 25 μl A and 25 μl B in 10 257 

ml PBS+0.3% Triton X-100 and PPIs) for 60 min, washed again in PBS-T plus PPIs and 258 

transferred to biotinylated tyramine (BT) solution (BT was prepared as described by Adams 259 

31, 5 μl BT+0.01% H2O2 in 1 ml PBS+0.3% Triton X-100 and PPIs) for 20 min, followed by a 260 
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final incubation step in streptavidin-AlexaFluor555 conjugate 1:400 in PBS+0.3% Triton X-261 

100 containing 10% NDS + PPI) overnight at 4°C. Sections were then mounted onto 262 

SuperFrost Plus glass slides (ThermoFisher 15438060) and cover slipped with Eukitt 263 

(ORSAtec). Specimens were examined using a Zeiss LSM 900 laser scanning confocal 264 

microscope equipped with ZEN software for image analysis.  265 

 266 

Data availability 267 

All data supporting the findings of this study are available within the article and its 268 

supplementary information files. Additional information, relevant data and unique biological 269 

materials will be available from the corresponding author upon reasonable request. Source 270 

data are provided with this paper. 271 

272 
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 368 

 369 

Fig. 1. Comparison of phospho-MOP immunohistochemistry in the presence or absence of 370 

protein phosphatase inhibitors. (A, B) Animals were either treated with methadone or saline 371 

for 30 min, transcardially perfused, fixed and stained in the presence (+) or absence (-) of 372 

protein phosphatase inhibitors (PPI). Shown are confocal images of coronal sections of the 373 

spinal cord stained with pT379-MOP or np-MOP antibody. Note that PPIs need to be present 374 

during both fixation and staining procedures to obtain agonist-induced phospho-MOP 375 

immunostaining. Scale bar = 250 µm. 376 
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 378 

 379 

Fig. 2. Immunohistochemical staining of agonist-induced MOP phosphorylation in the mouse 380 

spinal cord. Animals were treated with methadone or saline for 30 min, transcardially 381 

perfused, fixed and stained in the presence of PPIs. Shown are confocal images of coronal 382 

sections of the spinal cord stained with phosphosite-specific antibodies pT370-MOP, pS375-383 

MOP, pT376-MOP and pT379-MOP, or phosphorylation independent np-MOP antibody. 384 

Note that pS375-MOP, pT376-MOP and pT379-MOP, but not pT370-MOP, revealed an 385 

agonist-dependent MOP phosphorylation immunostaining in a pattern closely resembling that 386 

of agonist-independent np-MOP imunostaining. Scale bar = 250 µm. 387 
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 403 

 404 

 405 

Fig. 3. Peptide neutralization of agonist-induced MOP phosphorylation staining in the mouse 406 

spinal cord. Animals were treated with methadone for 30 min, transcardially perfused, fixed 407 

and stained in the presence of PPIs. Shown are confocal images of coronal sections of the 408 

spinal cord stained with phosphosite-specific antibodies pS375-MOP or pT379-MOP in the 409 

presence or absence of their immunizing peptides containing S375 or T379 in phosphorylated 410 

form (p-Peptide) or the corresponding non-phosphorylated peptide (np-Peptide). Note that 411 

phospho-MOP immunostaining was completely neutralized by excess of phosphorylated 412 

peptide but not of non-phosphorylated peptide. Scale bar = 250 µm. 413 
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 434 

 435 

Fig. 4. Antagonist block of phospho-MOP immunostaining. Animals were either treated with 436 

saline or fentanyl for 15 min. Where indicated, animals were pretreated with naloxone for 10 437 

min followed by 15-min fentanyl treatment. Animals were then transcardially perfused, fixed 438 

and stained in the presence of PPIs. Shown are confocal images of coronal sections of the 439 

spinal cord stained with phosphosite-specific antibodies pS375-MOP, pT376-MOP or pT379-440 

MOP or phosphorylation independent np-MOP antibody. Note that agonist-induced phopho-441 

MOP immunostaining is diminished by antagonist treatment. Scale bar = 250 µm. 442 

443 
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 444 

 445 

Fig. 5. Agonist-induced phospho-MOP immunostaining in mouse brain. Animals were treated 446 

with methadone for 30 min, transcardially perfused, fixed and stained in the presence of PPIs. 447 

Shown are confocal images of coronal brain sections stained with phosphosite-specific 448 

antibodies pS375-MOP, pT376-MOP or pT379-MOP or phosphorylation independent np-449 

MOP antibody. Note that all three phosphosite-specific antibodies detected agonist-induced 450 

MOP phosphorylation in the medial habenula and fasciculus retroflexus but not in caudate 451 

putamen, a brain region known to be rich in MOP receptors as shown by np-MOP antibody 452 

staining. Scale bar = 250 µm. 453 
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 455 

 456 

Fig. 6. Agonist-induced phospho-CB1 immunostaining in mouse brain. Animals were either 457 

treated with Vehicle or CP-55940 for 30 min. Where indicated, animals were pretreated with 458 

AM251 for 45 min followed by 30-min CP-55940 treatment. Animals were then 459 

transcardially perfused, fixed and stained in the presence of PPIs. Shown are confocal images 460 

of coronal brain sections stained with phosphosite-specific antibody pS425-CB1, in the 461 

presence or absence of the p-Peptide containing S425 in phosphorylated form, or 462 

phosphorylation independent np-CB1 antibody. Note that agonist-induced phopho-CB1 463 

immunostaining is diminished by antagonist treatment. Note that phospho-CB1 464 

immunostaining was completely neutralized by excess of phosphorylated peptide. Scale bar = 465 

1000 µm and 250 µm. 466 
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 469 

Fig. 7. Agonist-induced phospho-CB1 immunostaining in mouse brain. Animals were either 470 

treated with Vehicle or CP-55940 for 30 min. Animals were then transcardially perfused, 471 

fixed and stained in the presence of PPIs. Shown are confocal images of coronal brain 472 

sections stained with phosphosite-specific antibody pS425-CB1. Note that agonist-induced 473 

phopho-CB1 immunostaining is localized to fibers and terminals in cortex and hippocampus. 474 

Scale bar = 100 µm. 475 

 476 

 477 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted June 16, 2022. ; https://doi.org/10.1101/2022.06.14.496067doi: bioRxiv preprint 

https://doi.org/10.1101/2022.06.14.496067

