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Supplemental Experimental Procedures: 
 
Cell Culture 
Cells were cultured in Dulbecco’s modified Eagle’s media (DMEM), 10% fetal bovine 
serum, 0.5% Pen/Strep, and 0.5% Amphotericin B. Opto-MOR and rat MOR containing 
pcDNA3 plasmids were stably transfected into HEK293 cells and maintained under 400 
!g/ml geneticin (G418) selection.  All in vitro studies utilizing opto-MOR contained 10 !M 
9-cis retinal (Sigma) in the media to preserve photostable active receptors. 
 
Preparation of DRG neuronal cultures 
DRGs were dissected from 6-7 week old Advillin-Cre mice in HBSS with 10 mM HEPES 
(HBSS+H) and first digested with 45U papain (Worthington Biochemical) for 20 min at 
37°C. Ganglia were washed with HBSS+H and further digested in 1.5 mg/ml 
collagenase (Sigma) at 37°C for 20 min. Neurons were washed with HBSS and 
resuspended in Neurobasal media (Gibco) containing 5% FBS (Life Technologies), and 
supplemented with 1x B27 (Gibco), 2 mM Glutamax (Life Technologies) and 100 U/ml 
penicillin/streptomycin (Life Technologies). Ganglia were then triturated through a flame-
polished Pasteur pipette 6 times, before being filtered through a 40 µm nylon cell strainer 
(Falcon). Following centrifugation and washing with DRG media, cells were plated onto 
12 mm coverslips coated with collagen and poly-D-lysine (both from Sigma). Neurons 
were grown in a humidified incubator at 37°C in 5% CO2. For pERK staining, DRG 
cultured coverslips were fixed for 15 with 4% paraformaldehyde then rinsed 3x with PBS, 
permeabilized and blocked in (3% GS, 0.3% Triton X-100) for 20 min @RT. Coverslips 
were then washed 3x with PBS and incubated in primary antibody (mouse monoclonal 
pERK (Cell Signaling 9106; 1:500) diluted in PBS (with 3% GS, no Triton) overnight at 
4°C. Coverslips were then washed 3x with PBS and secondary antibody (Goat ! mouse 
Alexa Fluor 594; A11032) for 1 hr at RT, then washed 5x in PBS, mounted cell side 
down in ProLong Gold antifade +DAPI (Life Technologies P36931).  
 
Slice Physiology 
Whole-cell patch-clamp recordings were made using fire-polished glass pipettes with a 
resistance of 4-7 M" filled with (in mM): 120 K+gluconate, 5 NaCl, 2 MgCl2, 0.1 CaCl2, 
10 HEPES, 1.1 EGTA, 4 Na2ATP, 0.4 Na2GTP, 15 phosphocreatine; pH adjusted to 7.3 
with KOH, 291 mOsm. The liquid junction potential was calculated to be 16.2 mV and 
was not corrected. Slices were transferred to the recording chamber in the dark and 
perfused (~2 mL/min) with oxygenated aCSF containing (in mM): 124 NaCl, 2.5 KCl, 1.2 
NaH2PO4, 24 NaHCO3, 5 HEPES, 12.5 glucose, 2 CaCl2, 1 MgCl2; pH=7.3, 300-325 
mOsm. GABAergic neurons in the PAG were visualized through a 40x objective using 
IR-DIC microscopy on an Olympus BX51 microscope, and YFP+ neurons were identified 
using epifluorescent illumination.  
 
Recordings were made with Patchmaster software controlling a HEKA EPC10 amplifier. 
Following gigaseal formation and stable whole-cell access, currents elicited by 
stimulation of opto-MOR and MOPR were isolated by blocking AMPA/KARs (10 !M 
NBQX, Abcam), NMDARs (50 !M D-APV, Abcam), GABAARs (100 mM picrotoxin, 
Abcam), and GABABRs (50 !M saclofen, Abcam). Neurons were voltage clamped at -60 
mV and whole-cell currents were recorded using a gap-free protocol with regular test-
pulses to monitor input resistance (-10 mV every 10 sec, 5 kHz sampling rate). Only 
cells with a stable Rs < 35 M"  were included in our analysis. For current-clamp 
recordings, neurons were held at ~-65 mV and data was sampled at 20 kHz. Input 
resistance and excitability was determined with a series of 1 second current steps from   



!

-20 pA to +100 pA in 10 pA increments. Ramp currents were elicited following a prepulse 
to -20 mV for 500 ms, then neurons were hyperpolarized to -120 mV over a 250 ms 
interval. Light stimulation was delivered through the objective with a 470 nm LED 
coupled to the back fluorescent port of the microscope, and light intensity was 10 
mW/mm2 at the surface of the slice. GIRK currents were blocked by adding 1 mM BaCl2 
to the antagonist cocktail while endogenous MOPRs were stimulated with 1 !M DAMGO 
(Tocris). 
 
Statistical Methodology and Data analysis 
All data are expressed as mean ± SEM. Statistical significance was taken as *p < 0.05, 
**p < 0.01, ***p < 0.001, as determined by the Student’s t-test (paired and unpaired): 
One-Way Analysis of Variance (ANOVA) or One-Way Repeated Measures ANOVA, 
followed by Dunnett’s or Bonferroni post hoc tests as appropriate. Statistical analyses 
were performed in GraphPad Prism 6.0. 
 
 
 


