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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
Can you record movies/images using your own microscope camera? Y
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. 2.1，2.8，3.7，4.10，4.11
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. 2.5 and 3.8_____________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? N
1. Introduction 

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this real-time high-throughput cAMP assay is to screen odorants against odorant receptors and vice versa (Intro). 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Yi Pan: This method is useful for investigating odorant receptor function in that it allows for large-scale screenings of both odorant receptors and ligands, as well as pharmacological characterizations of receptor-ligand pairs of interest.
1.2. Yuetian Zhang: The main advantage of this technique is that we can assess odorant receptor activation efficiently and reliably in a heterologous odorant receptor expression system using live cells.

Protocol: (read by voice talent at JoVE)
2. Plating and Transfection of Hana3A Cells
2.1. Begin by observing Hana3A (pronounced “Hannah 3 A”) cells under a phase-contrast microscope to ensure cell viability and to estimate confluence [1-MED].
2.1.1. Talent approaches microscope with a flask/plate of cells, places it on the stage of the microscope, turns the light on and looks through the oculars while focusing. 
2.2. Then aspirate all medium from the cell culture dish [1-MED-over the shoulder] and wash the cells by adding 10-milliliters of phosphate-buffered saline onto the plate, swirling the dish [2-MED], and aspirating the PBS [3-MED-over the shoulder]. 
2.2.1. Talent aspirates medium from the dish using an aspirating pipette or similar. 
2.2.2. Talent pipettes 10 ml from a bottle of PBS, dispenses it into the plate and then swirls the plate. 
2.2.3. Talent aspirates the PBS. 
2.3. Next, add 3-milliliters of 0.05% trypsin-EDTA onto the plate [1-MED]. Leave the trypsin on the cells for 1 minute or until all cells are afloat [2-CU]. 
2.3.1. *film as written. 
2.3.2. Shot of the cells in the trypsin. The plate is agitated and the cells are seen to float. 
2.4. Inactivate the trypsin by adding 5-milliliters of MEM with 10% FBS and pipetting up and down to break up chunks of cell mass [1-MED-over the shoulder].
2.4.1. *film as written. 
2.5. After performing a cell count [1-MED], transfer 2 x 106 cells per 96-well plate to be transfected to a 15-milliliter tube [2-MED-over the shoulder]. 
2.5.1. Show Talent counting cells while looking through microscope oculars or operating an automated cell counter. Detail not required.
2.5.2. Talent pipettes a volume of the cell suspension from 2.4.1. into a 15 ml tube then repeats the process for a second tube. 
2.6. Yi Pan: It is important to calculate the correct number of cells to be plated onto 96-well plates to avoid over or undergrowth of cells prior to stimulation [1-INT].
2.6.1. Named Talent speaks the above soundbite to camera. 
2.7. Centrifuge the tubes at 200 x g for 5 minutes [1-MED] and then aspirate the supernatant without disturbing the cell pellet [2-CU]. 
2.7.1. Talent places both tubes into the centrifuge, closes the lid and starts the spin. 
2.7.2. *film as written. 
2.8. Add 6-milliliters of medium without antibiotics for each 96-well plate [1-MED-TXT], and pipette up and down without creating air bubbles to break up chunks of the cell mass [2-CU]. 
2.8.1. Talent adds 6 ml of medium from a serological pipette containing 12 ml to one tube and then adds the remaining 6 ml to the second tube. TEXT: MEM + 10% FBS. 
2.8.2. The medium and cells in one of the tubes is pipetted up and down repeatedly. 
2.9. Transfer the suspended cells into a reservoir [1-MED-over the shoulder]. Using a multichannel pipette [2-MED], pipette 50-microliters of cells onto each well of the 96-well plates [3-CU]. Incubate overnight at 37 °C with 5% CO2 [4-WIDE/MED over the shoulder].
2.9.1. The cell suspension from 2.8.2. is dispensed into a reservoir. 
2.9.2. Talent loads tips onto the multichannel pipette and then aspirates cell suspension from the reservoir. 
2.9.3. The solution is dispensed into a row/column of a 96-well plate. 
2.9.4. Talent places two 96-well plates of cells into the incubator. Multiple takes. Shot will be reused twice. Please ensure takes for reuse do not show any identifying changes of clothing. Focus on Talent’s hands or arms covered with a lab coat. 
3. Transfection of Plasmids 
3.1. Prior to transfection, observe the plated cells under a phase-contrast microscope [1-MED] to ensure a proper confluence of approximately 30-50% per well [2-LM] and then return to the incubator [3-MED-over the shoulder].
3.1.1. Talent places one of the 96-well plates onto the stage of the microscope, turns the light on and looks through the oculars while focusing. 
3.1.2. LAB MEDIA: 55831_Zhuang_3.1 Image to be provided. 
3.1.3. Use 2.9.4. Talent puts the plate in the incubator. 
3.2. Thaw the Rho-tagged odorant receptor construct, the accessory factor constructs, and the cyclic-AMP biosensor variant construct [1-CU-TXT]. 
3.2.1. Four appropriately-labeled microfuge tubes containing frozen plasmids are placed in a tube rack/ice bucket (depending on how the lab thaws the constructs). TEXT: Accessory factors: RTP1S and M3R 
3.3. Then prepare a plasmid transfection mixture in 500-microliters of MEM for each 96-well plate [1-MED-TXT]. 
3.3.1. Talent pipettes from one of the tubes in 3.2.1 and adds it to a 15 mL tube containing MEM. TEXT: See Table 1 for details. 
3.4. Next, a prepare a transfection mixture containing 18-microliters of lipid-mediated transfection reagent in 500-microliters of MEM [1-MED-over the shoulder].
3.4.1. Talent pipettes from a tube of lipofectamine or similar and adds it to a tube containing 500 ul of MEM. 
3.5. Mix the transfection mixture with a plasmid mixture by pipetting up and down [1-MED], then incubate at room temperature for 15 minutes [2-MED-over the shoulder].
3.5.1. Talent transfers the transfection mixture to the tube containing the plasmid mixture and pipettes up and down (or vice versa) 
3.5.2. Talent caps the tube and then presses start on a countdown timer set to 15 min. 
3.6. After the incubation stop the reaction by adding 5-milliliters of MEM with 10% FBS to the transfection mix [1-CU].
3.6.1. *film as written. 
3.7. Next, spread out a thick layer of sterile paper towels in the cell culture hood [1-MED]. Take a 96-well plate with cells from the incubator [2-MED-over the shoulder]. Gently and repeatedly tap the plate upside-down on the pile of paper towel so that the medium is completely absorbed by the paper towel [3-MED-TXT]. 
3.7.1. *film as written. 
3.7.2. Talent takes one of the 96-well plates from the incubator. The other plate is visible in the incubator. 
3.7.3. Talent back at the TC hood with the plate taps the plate as described. TEXT: Do not forcefully or abruptly tap the plate as one could lose cells.
3.8. Transfer 50-microliters of the combined transfection mixture to each well of the 96-well plate [1-CU] and incubate overnight for 18 to 24 hours at 37 °C with 5% CO2 [2-MED-over the shoulder].
3.8.1. Talent pipettes transfection mixture into wells of the 96-well plate. This can be done with a multi- or single channel pipette depending on the lab’s preference. 
3.8.2. Talent places the transfected 96-well plate into the incubator and takes out the other 96-well plate. 
3.9. Yuetian Zhang: A time-managed transfection and stimulation schedule should precede the measurement when more than one 96-well plate is tested in one experiment, so that all plates are measured after the same transfection and stimulus exposure interval [1-INT].
3.9.1. Named Talent speaks the above soundbite to camera. 
4. Stimulation and Measuring OR Activity Using the Real-Time cAMP Assay
4.1. Before stimulation, observe the transfected cells under a phase-contrast microscope [1-MED] to ensure a proper confluence of 50-80% per well before returning to the incubator [2-LM].
4.1.1. Talent places one of the 96-well plates onto the stage of the microscope, turns the light on and looks through the oculars while focusing. 
4.1.2. LAB MEDIA: 55831_Zhuang_4.1 Image to be provided. 
4.2. Then prepare stimulation medium by adding 10 millimolar HEPES [1-MED-over the shoulder] and 5 millimolar glucose to Hank's Balanced Salt Solution [2-MED]. 
4.2.1. Talent pipettes from an appropriately labeled tube/bottle of HEPES and adds it to a labeled tube containing HBSS. 
4.2.2. Glucose is pipetted from a labeled tube and added to the tube. 
4.3. Thaw 55-microliter aliquots of real-time cAMP assay substrate reagent aliquots on ice [1-CU-TXT]. 
4.3.1. [bookmark: _GoBack]Talent places one appropriately labeled tube of cAMP assay substrate reagent into an ice bucket. TEXT: Use 1 tube per plate.
4.4. Prepare 2% equilibration solution by mixing 55-microliters of the substrate reagent and 2750-microliters of stimulation medium [1-MED].
4.4.1. Talent picks up one of the tubes from the ice bucket and pipettes the volume from it into a labeled tube containing 2750 ul of stimulation medium 
4.5. After spreading out a thick layer of paper towels on the bench, gently and repeatedly tap the plate upside-down on the paper towel so that the transfection medium is absorbed by the paper towel [1-MED-over the shoulder/CU].
4.5.1. Talent gently and repeatedly tapping the plate on a thick layer of paper towels on the bench. Shot will be reused once. 
4.6. Wash the cells by pipetting 50-microliters of stimulation medium to each well [1-MED].
4.6.1. Talent pipettes stimulation medium from a reservoir and adds it to the wells of the 96-well plate. 
4.7. Gently and repeatedly tap out the stimulation medium from the 96-well plate [1-CU].
4.7.1. Use 4.5.1. Talent tapping out the plate on paper towels. 
4.8. Pipette 25-microliters of 2% equilibration solution into each well [1-MED-over the shoulder] and incubate at room temperature in dark for 2 hours [2-MED].
4.8.1. Talent adds solution from the tube last seen in 4.2.1. to the wells of the 96-well plate. 
4.8.2. Talent places a box/cover over the plate. 
4.9. Prior to the end of the incubation time, dilute thawed odorant stock solutions to working concentration in stimulation medium [1-CU]. 
4.9.1. Talent adds the volume from a labeled tube of odorant stock solution to a tube containing stimulation medium. 
4.10. Before odorant addition use a chemiluminescence plate reader to measure the basal luminescence level of the plate [1-MED-over the shoulder/MED]. 
4.10.1. Talent at the plate reader measuring fluorescence of the plate (detail not required). 
4.11. Quickly remove the plate from the plate reader [1-MED-over the shoulder] and add 25-microliters of the odorant dilutions to each well [2-CU], then immediately start continuous luminescence measurement of all wells for 20 cycles within 30 minutes [3-MED]. 
4.11.1. The plate carousel opens and Talent removes the plate. 
4.11.2. 25-microliters of an odorant dilution is added to multiple wells. 
4.11.3. Use 4.10.1 Talent taking a reading from the plate using the plate reader (detail not required). 

5. Results: Kinetic Measurements of the Response of OR5AN1 to Muscone
5.1. 379 unique human odorant receptors were screened against 30 μM muscone using the real-time cAMP assay. Colored blocks along the x-axis indicate different human odorant receptor families. The y-axis represents normalized luminescence 30 minutes after odorant addition when the response reached a maximum for the positive control. The response of OR5AN1 (pronounced “O-R-five-A-N-one”) is indicated [1-LM]. 
5.1.1. [bookmark: OLE_LINK1]LAB MEDIA: 55831_Zhuang_Figure1.tif TEXT: n = 3. Error bars show SEM. Video editor please highlight the colored blocks along the x axis in time with the narration and the legend on the y axis when “y-axis” is narrated. 
5.2. This figure shows real-time measurements of OR5AN1 activation by different concentrations of muscone and the result from a no-odor negative control. The arrow indicates the time point of odorant addition [1-LM]. 
5.2.1. LAB MEDIA: 55831_Zhuang_Figure2A.tif. Video Editor please flash the arrow when mentioned in the narration. 
5.3. Here, a concentration-response curve of OR5AN1 against muscone 30 minutes after odorant addition is shown [1-LM]. 
5.3.1. LAB MEDIA: 55831_Zhuang_Figure2B.tif Show image. 

6. Conclusion (said by authors on camera)
6.1. Yi Pan: The technique described here takes a total of 3 days starting with a stock plate of cultured cells on the first day. Once mastered, the protocols on the last day can be completed in 3 hours for each 96-well plate if it is performed properly.
6.2. Yuetian Zhang: After watching this video, you should have a good understanding of how to measure the activation of odorant receptors using a real-time cAMP assay in Hana3A cells.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.


General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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