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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N_____ If yes, please list make and model of your microscope: ______________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__2.7, 3.3.3, 3.5, 4.3.1, 4.5, 5.6.3________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult aspect of this procedure is ensuring that cells are not left without medium for longer than two minutes while solutions are being added to the wells.  In order to ensure success, wells can be prefilled with medium prior to adding DNA or odor.    






1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions in ‘Schematic_Results_Instructions_JoVE.doc’ for details and examples.  

Conceptual Narrative:
The overall goal of the following experiment is to is to perform a high-throughput measurement of olfactory receptor activation via luciferase assay. (Intro)

This is achieved by transfecting Hana3A cells with vectors containing accessory proteins (RTP-1S and M3-R), firefly and Renilla luciferase, and olfactory receptors in order to express a different OR in each well of a 96-well plate. (P1)

As a second step, the cells are stimulated with odors. (P2)  

Next, luciferase substrate is added, causing the cells that produced luciferase enzyme to luminesce, functioning as a reporter for olfactory receptor activation. (P3)

Results show the responses of the olfactory receptors to the odors based on the luminescence of each well in the plate. (P4)


Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   

[bookmark: _GoBack][image: ]

B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   
· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    
· Enter the name of the individual who will say each line. 
· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Author name Casey Trimmer: The main advantages of this technique over existing methods, like adenoviral transduction of native neurons and calcium imaging, is that this technique scales to high-throughput screens and utilizes the native cAMP-mediated second messenger pathway to examine olfactory receptor activation.      
1.2. Author name Lindsey Snyder: This method can help answer key questions in the field of olfaction, such as matching odor ligands to olfactory receptors and examining the effect of genetic variation on olfactory receptor activation.  

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Plating cells for transfection

2.1. The Hana3A cells used in this protocol are maintained in M10 media at 37 ̊C with 5% CO2. (film talent removing a 10-cm dish of cells from the incubator)

2.2. To prepare cells for transfection, aspirate media from a 100% confluent 10-cm dish of cells. Wash cells by adding 10 ml PBS, swirling the dish, and aspirating the PBS.

2.3. Add 3 ml of 0.05% trypsin/EDTA and wait for about 1 minute for the cells to dissociate at room temperature. Author: are the cells at room temperature during the 1 minute? Yes—the text has been changed.

2.4. Inactivate trypsin by adding 5 ml M10 media. Break up cell clumps by triturating roughly 10 times with a 10-ml pipette.  Pipette carefully to avoid introducing air bubbles into the media. 

2.5. For each 96-well plate, transfer 1 ml of cells into a 15-ml conical tube, centrifuge at 200 x g for 5 minutes, and aspirate the supernatant without disturbing the cell pellet. Author: how many 15-ml conical tubes will you have for the filming?  We will have only 1 15-ml conical tube.

2.6. Resuspend the cells in each 15-ml conical tube in 6 ml M10. Pipette 50 μl of cells to each well of a 96-well plate and incubate overnight at 37 ̊C with 5% CO2.  Author: how many 96-well plates will you have for the filming? We will have two 96-well plate for filming.

3. Transfection of olfactory receptors

3.1. Prior to starting this procedure, observe the cells plated on the previous day to ensure a proper confluency of approximately 30-50% per well. Author: Could you provide a photo of the cells at 30-50% confluency to show here?  Yes—we did not generate these in time for the script review deadline, but we will generate them shortly. 

3.2. Return the plate to the incubator and proceed to prepare the transfection mix.

3.3. The RTP1S-pCI, M3-R-pCI, pCRE-luc, and pSV40-RL plasmids have each been diluted to a concentration of 100 ng/µl in TE buffer. (film talent setting out the 4 tubes of diluted plasmid DNA) Author: depending on the extent of your description of these plasmids in the overview narration, we could add more info about the plasmids in this step.  We don’t feel that more description is necessary here.  

3.4. To make the Plasmid mix, pipette the plasmids into MEM medium per the volumes indicated in this table. (show Table 1 here).  Author: I think it would be clearer to viewers if you included the volumes (µl) of each plasmid in addition to the amount of DNA (ng).  For example, for RTP1S-pCI it would be:  4.8 µl (480 ng).  Could you modify the table and resubmit it?  Table 1 has been modified to show µl values per well. 

3.5. For each 96-well plate, dilute 18 μl lipid transfection reagent in 450 μl MEM medium to make the lipid transfection mix.

3.6. Next pipette the Plasmid mix, the plasmid with the rhodopsin-tagged olfactory receptor (Rho-OR-pCI), and the lipid transfection mix to make the Complex detailed in this table (Table 2).  The well+10% calculation is important to ensure sufficient volume for subsequent steps. Mix the solution by trituration and incubate at room temperature for 15 minutes.

3.7. Stop the reaction by adding M10 according to the table (Table 2). 

3.8. Invert the cell plate and tap out the media. Author: do you mean you invert the plate and tap to remove the media from the wells?  Yes—the text has been changed.

3.9. Pipette 50 µl of complex to each well and incubate overnight at 37 ̊C with 5% CO2.   Author: for the video, will you work with only one 96-well plate?  We will work with 2 96-well plates in the video.  

4. Odor stimulation

4.1. On the day after transfection of olfactory receptors, observe the transfected cells to ensure a proper confluency of 50-80% per well. Author: Could you provide a photo of the cells at 50-80% confluency? Return the cells to the incubator.  Yes—we did not generate these in time for the script review deadline, but we will generate them shortly.

4.2. Prepare 1M stock solutions of each odor in DMSO and odor stimulation solutions in CD293 medium. Author: how many odors and odor stimulation solutions will you test? We will use 1 odor solution plus one solution with medium only (no-odor control).

4.3. For screening experiments, dilute each stock solution of odor to 100 μM.  In addition, prepare a no-odor control containing only CD293 medium to control for olfactory receptor background activation.  

4.4. Remove the cells from the incubator and tap out the media on the cell plates.

4.5. Pipette 25 µl of odor stimulation solution to each well and incubate at 37 ̊C with 5% CO2 (Author: at 37 ̊C with 5% CO2, right?) for 4 hours.  Yes—the text has been changed.

5. Measuring OR activity via luciferase assay

Author: the best way to show viewers how the Gen5 software is used for the assay is by screen capture.  We usually do not film the computer screen directly because the images may appear distorted.  For the steps marked ‘SCREEN’ below, would you be able to create and send us screen capture files?

5.1. Begin this procedure by thawing 1 ml of firefly luciferase substrate (stored at -80 ̊C) per 96-well plate. Prepare fresh firefly luciferase reaction quencher and Renilla luciferase substrate reagent (TEXT: 5 μl luciferase quencher/Renilla luciferase substrate per 1 ml of buffer). Approximately 1 ml of reagent is needed per 96-well plate.

5.2. Next prepare the luminescent microplate reader. Author: which model luminescent microplate reader are you using? (film talent by the workstation of the luminescent microplate reader, opening the software) We will be using the Synergy 2 multi-mode microplate reader. 

5.3. (SCREEN) Within the system icon, under the “Pre-heating” Tab, check the box for “ON” and set the temperature of the machine to 25 °C. 

5.4. Under the “Dispenser” tab, prime each dispenser with 1000 μl of 70% ethanol followed by 1000 μl of distilled water.  NOTE: use separate aliquots of alcohol and water for each dispenser. Author: the alcohol and water are already loaded in the reader?  During the ‘priming’ what will be visible for filming? The two dispensers are mounted outside the reader?  Alcohol and water are in 50-ml conicals, and the intake tubes for the two dispensers are located outside the reader and visible for filming.  

5.5. Prime each dispenser with 1500 μl of air (remove dispensers from liquid). Author: do you manually remove the dispenser from the liquid?  Yes, the dispensers are manually removed from the liquid.

5.6. Prime dispenser 1 with 1080 μl of firefly luciferase substrate.  Prime dispenser 2 with Renilla luciferase substrate.  NOTE: Be careful not to cross-contaminate the luciferase substrates.  Author: when do you load the firefly luciferase substrate and the Renilla luciferase substrate?  The intake tubes for the dispensers are placed in 15-ml conicals containing each substrate, and then the dispensers are primed.

5.7. Remove the lid from the 96-well plate and place the plate in the microplate reader.

5.8. (SCREEN) Within the software, under the “File” menu, click on “New Task”. Highlight “Protocols” and click on “Create New”.  In the next window, the circle next to “Standard Protocol” should be selected.  Click “OK.”   Double click on “Procedure” on the left hand side of the screen.

5.9. (SCREEN) Dispense 10 μl of firefly luciferase substrate to all wells using dispenser 1: Under the “Actions” menu, click “Dispense”.  In the “Dispense Step” window, set: “Dispenser” to 1, “Priming” to none, “Dispense Volume” to 10 μl and “Rate” to 225 μl/sec.  Click “OK”.   Author: this is happening inside the reader and not visible for filming, right?  Yes, this is internal and will not be visible.

5.10. (SCREEN) Shake the plate for 30 seconds: under the “Actions” menu, click “Shake”.  In the “Shake Step” window, set “Intensity” to Medium and “Duration” to 0:30 MM:SS.  Click “OK”.

5.11. (SCREEN) Read the luminescence of all wells for 0.5 sec per well: under the “Actions” menu, click “Read”.  In the “Read Step” window, set: “Detection Method” to Luminescence, “Read Type” to Endpoint, “Integration Time” to 0:00:50 MM:SS:ss, “Filter Sets” to 1, “Emission” to Hole, “Optics Position” to Top, “Gain” to 135, and “Read Height” to 1.00 mm.  Click “OK”.

5.12. (SCREEN) Dispense 10 μl of Renilla luciferase substrate to all wells using dispenser 2.  Set the conditions as shown for using dispenser 1 (step 5.9), except set “Dispenser” to 2.

5.13. (SCREEN) Shake plate for 30 seconds.  (Set the conditions as in step 5.10)

5.14. (SCREEN) Read luminescence of all wells for 0.5 sec per well.  (Set the conditions as in step 5.11)

5.15. Clean the plate reader:  from the system icon under the “Dispenser” tab: Purge 1000 μl of firefly luciferase substrate from the firefly luciferase dispenser (dispenser 1) into a recovery tube.  NOTE: firefly luciferase can be stored at -80 °C and reused. Author: is this visible for filming? What about the Renilla luciferase substrate in dispenser 2?  Yes, this is visible for filming because the dispenser and recovery tube are located outside the reader.  The Renilla substrate is not purged, because it cannot be reused.  

5.16. Prime each dispenser with 1000 μl of distilled water, followed by 1000 μl of 70% ethanol, and finally 1500 μl of air (remove dispensers from liquid).  Author: please suggest what footage to get here.  As in step 5.4, the dispensers and conicals containing ethanol and water are visible for filming.     

6. Results: characterization of odorant/olfactory receptor interactions

6.1. Shown here are results from a primary screen that tested 328 olfactory receptors, or ORs, against 26 odors at a concentration of 100 μM. This histogram depicts the frequency or count of baselined luciferase values calculated for each odorant-OR pair in the screen. 
- 51640_Mainland_Figure1.pdf

6.2. As odorant-receptor activation pairs are sparse, the majority of the values are centered at zero and the large central distribution estimates the noise distribution for this assay.  Dose response curves were performed on 48 odorant-OR pairs randomly distributed across the range of baseline values, as indicated by the colored bars.  Blue bars are pairs that were classified as agonists based on the full dose response, and red bars are pairs that were not classified as agonists.
- 51640_Mainland_Figure1.pdf

6.3. True positive rate was then plotted against the false positive rate using the R statistical package. The area under the curve, or AUC, is 0.68, indicating that odorant-OR pairs with higher luciferase screen values are more likely to pass dose response than those with lower values.  These data suggest that the primary screen is a useful method to enrich for odorant-OR pairs that will be classified as agonists in a full dose response experiment.
· 51640_Mainland_Figure2.pdf


INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.
If you have not already done so, all figures with multiple panels should be broken up so that each panel is a separate image.  You can upload figures via the link provided in the initial e-mail from your editor.

Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis; however for the results, the specific filename should be given in parenthesis.

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj



7. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.

7.1. Author name Lindsey Snyder: Once mastered, this technique can be done in approximately 6 hours for five 96-well plates, excluding incubation time, if it is performed properly.
7.2. Author name Casey Trimmer: After watching this video, you should have a good understanding of how to perform a high-throughput analysis of olfactory receptors using transfection, odor stimulation, and measurement of activation with luciferase assay.  (restate overall goal of the procedure mention specific steps).
   
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, 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.  

2.2 – 51640_Mainland_Figure3.pdf – picture of Hana3A cells in a 10cm dish at 100% confluency (forthcoming)
3.1 – 51640_Mainland_Figure4.pdf – picture of Hana3A cells in a 96-well plate at 30-50% confluency (forthcoming)
4.1 – 51640_Mainland_Figure5.pdf – picture of Hana3A cells in a 96-well plate at 50-80% confluency (forthcoming)
5.3 – 51640_Mainland_Figure6.pdf – screenshot of Gen5 software
5.8 – 51640_Mainland_Figure7.pdf – screenshot of Gen5 software
5.8 – 51640_Mainland_Figure8.pdf – screenshot of Gen5 software
5.9 – 51640_Mainland_Figure9.pdf – screenshot of Gen5 software
5.10 – 51640_Mainland_Figure10.pdf – screenshot of Gen5 software
5.11 – 51640_Mainland_Figure11.pdf – screenshot of Gen5 software
5.12 – 51640_Mainland_Figure12.pdf – screenshot of Gen5 software
5.13 – 51640_Mainland_Figure10.pdf – screenshot of Gen5 software
5.14 – 51640_Mainland_Figure11.pdf – screenshot of Gen5 software
6.1 – 51640_Mainland_Figure1.pdf – histogram of frequency of baselined luciferase values
6.2 – 51640_Mainland_Figure1.pdf – histogram of frequency of baselined luciferase values
6.3 – 51640_Mainland_Figure2.pdf – ROC curve of true positive rate versus false positive rate


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, as well as an introduction to your videographer, closer to your filming date.
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