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Figure Legends: 

Figure 1: High efficacy agonist pre-treatment slowed dissociation of fluorescent agonist DermA594: A) 

HEK293 cells stably expressing FLAG-MOPr were incubated at 37°C with concanavalin A (black, 600 

μg/mL) and morphine (blue, 10μM), DAMGO (white, 10μM), or ME (red, 30μM) for two hours. 

Following incubation, cells were washed and imaged at RT while DermA594 (100nM) was applied for 

90 seconds and then rapidly washed. DermA594 fluorescence intensity on the plasma membrane was 

normalized to the intensity at the end of the 90-second application and single examples are plotted. The 

area under the curve (AUC) during the first 3 minutes of DermA594 dissociation is shaded in gray for 

untreated FLAG-MOPr. B) Summarized data plot the AUC of the normalized DermA594 fluorescent 

signal for the first 3 minutes following washout of DermA594 (n=7-9, avg. +/- s.e.m.). Morphine, 

DAMGO, and ME treatment all significantly increased the AUC relative to untreated cells. C) The 

apparent association rate (k(app)) was determined under each treatment condition (untreated, morphine 

(10μM), DAMGO (10μM), or ME (30μM) for 2 hrs.) and is plotted, (n=6-7, avg. +/- s.e.m.) (**, p< 

0.01; ***, p<0.001 relative to untreated; ###, p<0.001 relative to morphine treatment, one-way 

ANOVA, Tukey’s post hoc) 

 

Figure 2: Phosphorylation motif involved in agonist modulation of MOPr binding affinity. A) The 

amino acid sequence of the C-terminus of murine MOPr is depicted beginning with phenylalanine 347. 

Serine and Threonine residues are shown in red. Two phosphorylation clusters “TSST” and “STANT” 

are underlined. B) Serine and threonine residues were mutated to alanine within the STANT (middle, 

STANT-3A) and TSST (right, TSST-4A) cluster. Cells were either untreated (black) or treated for 20 

minutes (open) or 2 hrs. (red) with ME (30μM). After washing ME, DermA594 (100nM, 90 sec.) was 

applied and rapidly washed. Dissociation of DermA594 from WT (left), STANT-3A (middle), and 

TSST-4A (right) FLAG-MOPr was plotted. C) TSST-4A had less DermA594 bound after 3 minutes of 

washout of DermA594 relative to WT and STANT-3A (n=6-11, avg +/- s.e.m.). D) Time course of 
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modulation by ME. WT and TSST-4A FLAG-MOPr were treated with ME (as in fig 2B) for various 

times from 2- 120 minutes and washed. The area under the normalized curve for the dissociation of 

DermA594 was plotted relative to ME treatment time (n=7-9, avg. +/- s.e.m.), (*, P< 0.05; **, p< 0.01; 

***, p< 0.001 vs. WT, two-way ANOVA, Tukey’s post hoc). 

 

Figure 3:  Modulation in the C-terminal tail of MOPr is restricted to TSST. HEK293 cells expressing 

mutant FLAG-MOPr were untreated (open squares) or treated with ME (30 μM) for 2 hrs. (closed 

squares) and dermA594 (100 nM, 90 sec) was added and then washed. Dissociation of DermA594 was 

measured and plotted. Previously shown data with WT FLAG-MOPr were superimposed with light gray 

(untreated) and light red (ME 2 hrs.) lines. A-B) TSST to TESE (TEST) and TSST to EEEE (TSST-4E) 

were used to mimic phosphorylation. B-E) TSST to TSAA (TSAA) attenuated the ME-induced 

modulation of DermA594 binding to approximately the same extent as mutation of TSST + STANT to 

AAAA + AANA (TSST/STANT-7A) or mutation of all 11 serine and threonine residues in the C-

terminal tail to alanines (C-term 11A) (n=4-6, avg. +/- s.e.m.). D) Summarized data plotting AUC for 

the first 3 minutes of DermA594 dissociation for the mutants that were graphed above. WT MOPr AUC 

is drawn as light grey line (untreated) and light red line (ME, 2 hrs.) for comparison. Statistics compare 

mutant vs. WT under the same treatment conditions (either untreated or ME treated) (n=5-15, avg. +/- 

s.e.m.). 

 

Figure 4: C-terminal mutation had only a modest effect on morphine-induced modulation of binding. 

HEK 293 cells expressing WT, TSAA, and C-term 11-A MOPr were untreated (A), or treated with 

morphine (B, 10 μM, 2 hrs.) or ME (C, 30 μM, 2 hrs.). The normalized relative amount of DermA594: 

M1-A488 is plotted immediately following DermA594 exposure (100 nM, 90 sec). D) AUC for the first 

3 minutes of DermA594 dissociation is plotted for each condition. (*, p< 0.05; ***, p< 0.001 vs. WT 

under same drug treatment condition, two-way ANOVA, Tukey’s post hoc) (n=5-15, avg. +/- s.e.m.). 
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Figure 5: C-terminal serine and threonine residues are involved in sustained acute desensitization. A) 

FLAG-MOPr + mCherry AAV2 was injected into the MD thalamus of MOPr KO mice. Coronal brain 

slices were made and an mCherry expressing cell was filled with Alexa 488. The fixed coronal brain 

slice was imaged using widefield fluorescence (top) or laser scanning confocal microscopy (middle). 

Confocal image of an Alexa 488 (green) filled cell also expressing mCherry (red), (merged in yellow) 

among other AAV2 infected cells from the brain slice pictured above. Scale: 40 μm. Bottom: two-

photon images of a live brain slice showing neurons in MD thalamus exressing mCherry (left) and 

stained with M1-Alexa 488 anti-FLAG antibody (middle) and overlaid in the merged image (right). 

Scale: 10 μm. B) Exemplary whole-cell electrophysiological recordings from wildtype and mutant 

FLAG-MOPr expressing cells. Slices were treated with an approximately EC50 concentration of ME 

(100 nM). Cells were desensitized with ME (30 μM, 5 minutes) and then retested with EC50 ME 5 

minutes later. C) Summary data show the percentage of the current remaining following desensitization 

in the continued presence of ME 30 μM (Acute Decline) and the percent amplitude of the EC50 ME 

measured 5 minutes after desensitization relative to the current evoked prior to desensitization (EC50 5 

minutes) in individual cells (open circles) and as an average (avg. +/- s.e.m. n= 9-10 slices, 6-10 

animals). D) FLAG-MOPr + mCherry AAV2 was injected into LC of MOPr KO mice and 

representative whole-cell voltage clamp recordings are shown for WT or TSST/ STANT-7A MOPr. A 

sub-saturating concentration of ME (100 nM) was applied before and following a 10-minute super-

saturating concentration of ME (30 μM, 10 minutes) to induce acute desensitization. E) Acute decline in 

the continued presence of agonist and sustained desensitization (EC50 5 minutes) were measured as 

described above. Average and individual measurements (cyan open circles) are plotted (avg +/- s.e.m. 

n= 6-7 slices, 4-5 animals.) *, p<.05 compared to WT, One-way ANOVA, Tukey’s post hoc. 
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