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Supplemental Materials 
 
Supplemental Movie 1.  
 
An example movie of exocytic events in a cell following agonist treatment. The movie was 
recorded at 10Hz and is played back at 15Hz. Example events showing the rapid appearance and 
diffusion of fluorescence, characteristic of exocytic vesicle fusion as described before by us and 
others, are highlighted in blue. In addition, two example events that are not classified as exocytic 
events, due to their movement and fluorescence signature, are highlighted in yellow. Scale bar = 
5 μm 
 
Supplemental Figure 1: Clustering and Internalization of MOR across conditions 

(A)  9.04 µm x 9.04 µm ROI of HEK293 cell expressing SpH MOR in TIRF +/- gallein and  
+/- DAMGO addition. SpH-MOR clusters on the cell surface in response to DAMGO 
before internalizing in both control and gallein treated cells. Right panel: Quantification 
of % normalized fluorescence in control and gallein conditions for the first 5 minutes 
following DAMGO addition. Values are normalized to the first frame following 
DAMGO addition. n=15 cells for Ctrl; n=15 cells for gallein.  

(B) 9.04 µm x 9.04 µm ROI of HEK293 cell expressing SpH MOR WT or S363A in TIRF 
+/- DAMGO addition. SpH-MOR clusters on the cell surface in response to DAMGO 
before internalizing in both control and S363A conditions. Right panel: Quantification of 
% normalized fluorescence in control and S363A conditions for the first 5 minutes 
following DAMGO addition. Values are normalized to the first frame following 
DAMGO addition. n=6 cells for Ctrl; n=15 cells for S363A.  

(C) 9.04 µm x 9.04 µm ROI of HEK293 cell expressing SpH MOR WT or S363A(treated 
with gallein) in TIRF +/- DAMGO addition. SpH-MOR clusters on the cell surface in 
response to DAMGO before internalizing in both control and S363A +  gallein 
conditions. Right panel: Quantification of % normalized fluorescence in control and 
S363A + gallein conditions for the first 5 minutes following DAMGO addition. Values 
are normalized to the first frame following DAMGO addition. n=6 cells for Ctrl; n=10 
cells for S363A + gallein.  

(D) 9.04 µm x 9.04 µm ROI of HEK293 cell expressing SpH MOR WT or S363D +/- 
DAMGO addition. SpH-MOR clusters on the cell surface in response to DAMGO before 
internalizing in both control and S363D conditions. Right panel: Quantification of % 
normalized fluorescence in control and S363D conditions for the first 5 minutes 
following DAMGO addition. Values are normalized to the first frame following 
DAMGO addition. n=5 cells for Ctrl; n=9 cells for S363D. 

 



Supplemental Figure 2: Raw MOR recycling events across all conditions.  
 “*” denotes statistical significance (p<0.05) within family (condition) in Two-Way ANOVA. 
“#” denotes statistical significance (p<0.05) between families at the same time points.  

(A) Number of recycling events per cell area (μm2) over time in response to DAMGO in +/- 
Washout conditions. p>0.9999 for - Washout baseline vs. - Washout 1 min; p=0.3063 for 
- Washout baseline vs. - Washout 6 min. p<0.0001 for + Washout baseline vs. + Washout 
1 min; p<0.0001 for + Washout baseline vs. + Washout 6 min. Unpaired t test: p=0.2854 
for  - Washout baseline vs. + Washout baseline; p=0.0042 for - Washout 1 min vs. + 
Washout 1 min; p<0.0001 for - Washout 6 min vs. + Washout 6 min; - Washout: n=15 
cells; + Washout: n=27 cells  

(B) Number of recycling events per cell area (μm2) over time in response to DAMGO 
washout in control or PTX conditions. p =0.0090 for Ctrl baseline vs. Ctrl 1 min; 
p<0.0001 for Ctrl baseline vs. Ctrl 6 min. p=0.8650 for PTX baseline vs. PTX 1 min; 
p=0.6789 for PTX baseline vs. PTX 6 min. Unpaired t test: p=0.0064 for Ctrl baseline vs. 
PTX baseline; p=0.0127 for Ctrl 1 min vs. PTX 1 min; p=0.3216 for Ctrl 6 min vs. PTX 
6 min. Ctrl: n=10 cells; PTX: n=8 cells  

(C) Number of recycling events per cell area (μm2) over time in response to DAMGO 
washout in control or gallein conditions. p<0.0001 for Ctrl baseline vs. Ctrl 1 min; 
p<0.0001 for Ctrl baseline vs. Ctrl 6 min; p=0.1561 for gallein baseline vs. gallein 1 min; 
p=0.0018 for gallein baseline vs. gallein 6 min. Unpaired t test: p=0.0046 for Ctrl 
baseline vs. gallein baseline; p=0.0778 for Ctrl 1 min vs. gallein 1 min; p=0.2675 for Ctrl 
6 min vs. gallein 6 min. Ctrl: n=9 cells; Gallein n=25 cells  

(D) Number of recycling events per cell area (μm2) over time in response to DAMGO 
washout in control, mSIRK, or 12155 conditions. p=0.0083 for Ctrl baseline vs. Ctrl 1 
min; p=0.0002 for Ctrl baseline vs. Ctrl 6 min; p=0.0026 for mSIRK baseline vs. mSIRK 
1 min; p=0.3378 for mSIRK baseline vs. mSIRK 6 min; p=0.7501 for 12155 baseline vs. 
12155 1 min; p=0.9174 for 12155 baseline vs. 12155 6 min. Sidak’s multiple 
comparisons test: p=0.8845 for Ctrl baseline vs. mSIRK baseline; p=0.8397 for Ctrl 
baseline vs. 12155 baseline; p=0.0005 for Ctrl 1 min vs. mSIRK 1 min; p=0.2760 for Ctrl 
1 min vs. 12155 1 min; p=0.0021 for Ctrl 6 min vs. mSIRK 6 min; p=0.1079 for Ctrl 6 
min vs. 12155 6 min. Ctrl: n=10 cells; mSIRK: n=12 cells; 12155: n=12 cells  

(E) Number of recycling events per cell area (μm2) over time in response to DAMGO 
washout in control, S363A, S363A + gallein, or S363D conditions. p<0.0001 for Ctrl 
baseline vs. Ctrl 1 min; p<0.0001 for Ctrl baseline vs. Ctrl 6 min; p=0.9682 for S363A 
baseline vs. S363A 1 min; p=0.0047 for S363A baseline vs. S363A 6 min; p=0.1553 for 
S363A + gallein baseline vs. S363A + gallein 1 min; p=0.0093 for S363A + gallein 
baseline vs. S363A + gallein 6 min; p=0.9539 for S363D baseline vs. S363D 1 min; 
p=0.9391 for S363D baseline vs. S363D 6 min; Sidak’s multiple comparisons test: 
p=0.0392 for Ctrl baseline vs. S363A baseline; p=0.0429 for Ctrl baseline vs. S363A + 
gallein baseline; p=0.7023 for Ctrl baseline vs. S363D baseline; p=0.8718 for Ctrl 1 min 
vs. S363A 1 min; p=0.5442 for Ctrl 1 min vs. S363A + gallein 1 min; p=0.0370 for Ctrl 1 
min vs. S363D; p=0.9752 for Ctrl 6 min vs. S363A 6 min; p=0.9990 for Ctrl 6 min vs. 
S363A + gallein 6 min; p<0.0001 for Ctrl 6 min vs. S363D 6 min. Ctrl: n=18 cells; 
S363A: n=15 cells; S363A + gallein: n=9 cells; S363D: n=10 cells.  
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