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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____yes, a microinjection____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: Zeiss Stemi 2000 zoom, boom mounted scope.

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____yes____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 
2.3, 2.4 & 3.1-3.6  tissue culture and Flexstation run
4.1-4.7 prepare and inject CNiFERs in vivo
5 - in vivo two-photon imaging of implanted CNiFERs

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 to be filmed by their protocol numbers. (Please do not list an entire section.) ___4.1-4.7___________________

E.  Will the filming need to take place in multiple locations? (Y/N) ___yes____ If yes, how far apart are the locations? 
Three rooms, tissue culture, mouse surgery and two-photon imaging, all located on the 9th floor of Icahn, west wing.



1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this video is to describe the methodology for the construction and testing of cell based neurotransmitter fluorescent reporters, or CNiFERs (rhymes with “sniffers”), which can be used to optically monitor the release of specific neurotransmitters in vivo. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Paul Slesinger: This method can help answer key questions in neuroscience concerning the timing and release of neuromodulators in the brain. 
1.2. Marian Fernando: The main advantage of this technique is that it can be adapted for any type of neurotransmitter or neuromodulator that signals through a G protein-coupled receptor.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Emre Lacin: Visual demonstration of this method is helpful as the in vivo implantation of CNiFER cells and subsequent in vivo imaging are technically challenging.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the Icahn School of Medicine at Mount Sinai.



Protocol (read by voice talent at JoVE):
2. Lentiviral infection of HEK293/TN-XXL/Gqi5 cells
2.1. To begin this procedure, seed the HEK293 cells, which contain the FRET-based (pronounced ‘fret’ like met) calcium detector and chimeric G protein, in a T25 flask [2.1.1-MED-over the shoulder-TXT].  Then, grow the cells in a humidified incubator at 37°C with 5 % CO2 until about 50 % confluent [2.1.2-MED]. 
2.1.1. Talent seeds a T25 flask with HEK293 cells. Text: T25 flask with 0.7 x 106 HEK293/TN-XXL/Gqi5 cells
2.1.2. Talent places the flask in the incubator
2.2. Afterward, aspirate the media from the T25 flask [2.2.1-MED-over the shoulder].  Add 2 ml of the lentivirus/media mixture [2.2.2-CU] and incubate the T25 flask at 37°C with 5 % CO2 [2.2.3-CU].
2.2.1. *Film as written
2.2.2. *Film as written
2.2.3. CU the flask as it is placed in the incubator
2.3. The next day, harvest the infected HEK293 cells [2.3.1-MED-over the shoulder-TXT].  Next, resuspend the cell pellet in 5 ml of HEK293 growth media [2.3.2-CU].  
2.3.1. *Film as written. Text: See Table 2 in the accompanying manuscript – Split into two shots, 2.3.1.b
2.3.2. CU the cell pellet as it is resuspended in HEK293 growth media
2.4. Seed 1.5 ml of cells in a T25 flask for FACS analysis and 1 ml of cells in a T75 flask for freezing and storage [2.4.1-MED]. For the 10-point agonist curve, to test the infected cells, seed the first two rows of a fibronectin-coated 96-well plate with 100 µl of the cell suspension per well [2.4.2-CU].  Then, incubate the HEK293 cells growing in a T25 flask, a T75 flask and a 96-well plate until about 90% confluent at 37°C with 5 % CO2 for 1 to 2 days [2.4.3-MED].
2.4.1. Talent places a T25 flask and T75 flask containing 3.5 ml and 9 ml of growth media on the tissue culture hood and seeds 1.5 ml and 1 ml of cell suspension.
2.4.2. CU the 96-well plate as the cells are seeded on the first two rows
2.4.3. Talent places a T25 flask, a T75 flask and a 96-well plate in the incubator

3. Preparation for FACS and isolation of single CNiFER clones 
3.1. Before FACS analysis, determine the functional expression of the GPCR by preparing a drug plate with 10 different agonist concentrations that bracket the predicted EC50 [3.1.1-MED-over the shoulder-TXT].  Prepare different concentrations of agonist using a serial dilution method and create a template to keep track of the drug concentrations [3.1.2-LM]. 
3.1.1. Talent adding agonist to the wells.  Text: GPCR: G protein-coupled receptor
3.1.2. LAB_MEDIA: Figure 3 Plate Template.tif
3.2. Next, set the plate reader temperature to 37°C [3.2.1-MED-over the shoulder].  Then, program the 96-well fluorometric plate reader for measuring FRET and performing solution transfers [3.2.2-MED-over the shoulder-TXT]. 
3.2.1. Talent sets the plate reader temperature to 37°C using the keypad
3.2.2. Talent uses the software to program the 96-well fluorometric plate reader for measuring FRET and performing solution transfers. Text: FRET: fluorescence resonance energy transfer.
3.3. For measuring FRET with a genetically encoded FRET-based calcium sensor, TN-XXL, set the excitation wavelength at 436 ± 4.5 nm [3.3.1-MED-over the shoulder SCREEN]. Then, set the emission filters and the cutoff filters for eCFP and Citrine (pronounced ‘sit-reen’) [3.3.2-MED-over the shoulder SCREEN -TXT]. 
3.3.1. *Film as written
3.3.2. [combined with 3.3.1] Talent sets the wavelength and filters set on the computer monitor. Text: See the accompanying manuscript for settings
3.4. Next, program the plate reader to measure the emissions at 485 nm and 527 nm every 3.5 to 4 seconds for a total of 180 seconds [3.4.1-CU SCREEN].  Choose the options for 100 µl plate volume, 150 µl pipet height, and delivery of 50 µl of drug from the 3-fold compound plate. Set the time point for drug delivery at 30 seconds. [3.4.2-SCREEN]. 
3.4.1. CU the plate reader as it is programmed 
3.4.2. [combined with 3.4.1] *Film as written
3.5. After that, aspirate the media from Rows A and B and add 100 µl of ACSF to the 96-well CNiFER plate that is about 90 % confluent [3.5.1-MED-over the shoulder].  Then, load the 96-well CNiFER plate and the 3-fold drug plate into the plate reader [3.5.2- MED-over the shoulder].  Allow 30 minutes to equilibrate the plates at 37°C before starting the program [3.5.3-CU].
3.5.1. *Film as written
3.5.2. *Film as written 2nd take better
3.5.3. CU the plates as they are allowed to equilibrate
3.6. To analyze the plate reader data, export the fluorescence values to a text file [3.6.1- MED-over the shoulder].  Import the data to a spreadsheet, and convert fluorescence intensities to FRET ratios. Draw a graph of peak FRET ratios for different agonist concentrations [3.6.2-SCREEN].  
3.6.1. Talent sitting in front of monitor and export the fluorescence values to a spreadsheet
3.6.2. To be submitted by authors. A screen movie to show the procedure described.
3.7. Then, normalize the fluorescence intensities to the pre-stimulus baselines [3.7.1-SCREEN], and calculate the FRET ratio [3.7.2-SCREEN-TXT].  Determine the peak FRET ratio and generate a graph [3.7.3-SCREEN].
3.7.1. To be submitted by authors. A screen movie to show the procedure described. 
3.7.2. To be submitted by authors. A screen movie to show the procedure described. Text: FRET ratio: ∆R/R
3.7.3. To be submitted by authors. A screen movie to show the procedure described.

4. CNiFER implantation into mouse cortex 
4.1. Prepare the CNiFER injection pipet by pulling a glass capillary on a vertical electrode puller [4.1.1-MED-over the shoulder-TXT]. Use a pair of forceps to break the tip of the electrode to a diameter of approximately 40 µm [4.1.2- MED - over the shoulder].  Place an ACSF soaked sponge on a previously formed 2 x 3 mm thinned-skull window of an anesthetized mouse to keep moist while preparing the cells for injection [4.1.3-MED - over the shoulder].
4.1.1. *Film as written. Text: I.D. of 0.53 mm
4.1.2. A SCOPE movie to show the breaking of  the electrode tip to a diameter of approximately 40 µm talent breaking electrode
4.1.3. A SCOPE movie to show the described procedure. Text: See the accompanying manuscript for details placing soaked sponge over window on mouse
4.2. Next, harvest the CNiFER clone that was grown in a T75 flask to about 80 % confluency [4.2.1-MED-over the shoulder].  Aspirate the media and wash the cells with sterile PBS [4.2.2-MED-over the shoulder].  Remove PBS and use 10 ml of ACSF to dislodge the cells from the bottom of the flask [4.2.3-CU].  
4.2.1. *Film as written
4.2.2. *Film as written mislabeled 4.2.1
4.2.3. CU the bottom of the flask as the cells are dislodged
4.3. Then, triturate the cells to dissociate the cell clumps [4.3.1-CU].  Centrifuge for 2 minutes in a cell culture centrifuge, remove the supernatant and resuspend the pellet in 100 µl of ACSF [4.3.2-MED-over the shoulder].  Subsequently, centrifuge for 30 seconds at 1400 x g and remove the supernatant, leaving a pellet covered in ACSF [4.3.3- MED-over the shoulder]. 
4.3.1. *Film as written
4.3.2. Talent places the sample in the centrifuge – added shot: talent placing tube in centrifuge and starting centrifuge.
4.3.3. CU the sample as the supernatant is removed, leaving a pellet covered in ACSF – add shot 4.3.3 ‘centrifuge shot’
4.4. Afterward, backfill the injection pipette with mineral oil [4.4.1-MED-over the shoulder].  Load the pipette onto a nanoinjector, and advance the plunger to eject a small bead of oil [4.4.2-CU – 3 shots]. 
4.4.1. *Film as written
4.4.2. CU the pipette as a small bead of oil is ejected – split into three shots
4.5. Put 5 µl of CNiFER cell suspension onto a strip of plastic paraffin film near the mouse preparation [4.5.1- MED-over the shoulder].  Draw up the CNiFER cells into the pulled pipette [4.5.2-CU].
4.5.1. *Film as written
4.5.2. CU the pipette as the CNiFERs cells are drawn up
4.6. Now, move the pipette to the target X and Y coordinates [4.6.1-MED - over the shoulder].  Lower the pipette and pierce the thinned skull, continue to about 200 to 400 µm below the skull surface in layers 2/3 of the cortex [4.6.2-SCOPE]. 
4.6.1. CU the pipette as it is moved to the target X and Y coordinates
4.6.2. A SCOPE movie to show the pipette being lowered, piercing the thinned skull and entering below the skull surface
4.7. Inject 4.6 nl of CNiFER cells at the deepest site with the nanoinjector, note movement in the oil and cell interface and then wait for 5 minutes for the cells to dispense. [4.7.1-CU].   Withdraw the pipette ~ 100 m and inject another 4.6 nl of CNiFER cells, and again wait 5 minutes. Afterward, withdraw the pipette slowly and gently to prevent backflow of the CNiFERs [4.7.2-SCOPE].
4.7.1. Talent uses the nanoinjector to inject the CNiFER cells Not slated
4.7.2. CU the pipette as it is slowly withdrawn

5. In vivo imaging of CNiFER clones
5.1. In this procedure, place the imaging platform with the head-restrained mouse under 10-X and 40-X water immersion objectives in a two-photon imaging microscope [5.1.1-MED].   Insert the filter cube for FRET imaging that has a dichroic mirror at 505 nm and band-pass filters that span 460 nm to 500 nm for measuring eCFP and 520 nm to 560 nm for measuring Citrine [5.1.2-MED]. 
5.1.1. *Film as written
5.1.2. *Film as written
5.2. Then, add ACSF to the well containing the thinned-skull window and lower the 10-X water immersion objective into the ACSF [5.2.1-CU]. Use the eyepiece in conjunction with a mercury lamp and a GFP filter cube to locate the surface of the cortex and vasculature below the window [5.2.2-SCOPE].  Switch to the 40-X water immersion objective to locate CNiFERs by manually focusing on the surface of the cortex over the cells using the GFP filter cube and a mercury lamp.
5.2.1. CU the objective as it is lowered into the ACSF
5.2.2. A SCOPE movie to show the surface of the cortex below the window
5.2.3. [combined with 5.2.2] A SCOPE movie to show the focusing on the cells
5.3. Next, select the appropriate light path for two-photon imaging [5.3.1-SCREEN].  Turn on the near infrared femtosecond pulsed laser, select a wavelength of 820 nm and a power setting of 5-15% [5.3.2-SCREEN]. 
5.3.1. To be submitted by authors. A screen movie to show the procedure described 
5.3.2. To be submitted by authors. A screen movie to show the procedure described
5.4. Set the PMT1 & PMT2 voltage to a sub-maximal value, typically 500 to 1000 V depending on the PMT [5.4.1-SCREEN].  Then, set the gain to 1 for each channel and zero the Z position for the objective [5.4.2-SCREEN]. 
5.4.1. To be submitted by authors. A screen movie to show the procedure described 
5.4.2. To be submitted by authors. A screen movie to show the procedure described
5.5. Afterward, lower the objective ~ 100 to 200 m from the cortical surface and start the x-y scan [5.5.1-SCREEN]. Adjust the focus to visualize the CNiFERs embedded in the cortex [5.5.2-SCREEN].  Adjust the laser power, gain and PMT voltage for each channel to optimize the signal-to-noise ratio of the CNiFER fluorescence [5.5.3-SCREEN]. 
5.5.1. To be submitted by authors. A screen movie to show the procedure described 
5.5.2. To be submitted by authors. A screen movie to show the procedure described
5.5.3. To be submitted by authors. A screen movie to show the procedure described
5.6. Next, use the software to restrict the imaging to a region that contains the CNiFER cells as well as a background region [5.6.1-SCREEN].  Select the Kalman line averaging for 2 for a suitable signal-to-noise ratio, and use a scan rate of 0.3-1 Hz at 4 µs per pixel [5.6.2-SCREEN]. 
5.6.1. To be submitted by authors. A screen movie to show the procedure described.
5.6.2. To be submitted by authors. A screen movie to show the procedure described.
5.7. [bookmark: _GoBack]After that, draw an ROI around the CNiFER cells, surrounding about 3 to 4 cells per plane [5.7.1-SCREEN-TXT].  Set up real-time analysis of ROI average intensities. Then, start acquisition to monitor the CNiFER fluorescence over time, and begin electrical stimulation or a behavioral experiment while monitoring FRET [5.7.2-SCREEN]. 
5.7.1. To be submitted by authors. A screen movie to show the procedure described. Text: ROI: region-of-interest over the two emission images
5.7.2. To be submitted by authors. A screen movie to show the procedure described.
5.7.3. Talent starts acquisition on the computer screen to monitor the CNiFER fluorescence

6. Results: Examples of Flexstation analysis, agonist-induced FRET response and dose response curves for D2 CNiFER  
6.1. In this example, D2R CNiFER FRET response was measured on a plate reader with a solution delivery system [6.1.1-LM].  This graph shows the FRET response during the application of dopamine to D2 CNiFERs. Note that eCFP emission decreases while Citrine emission increases with dopamine [6.1.2-LM-TXT].  And here is a plot of the corresponding FRET ratio [6.1.3-LM]. 
6.1.1. Figure 4.tif: Show Figure 4 A (without text “Dopamine” and the red line)
6.1.2. Figure 4.tif: In Figure 4A, add text “Dopamine” and the red line. Text: eCFP excitation with eCFP and Citrine emissions
6.1.3. Figure 4.tif: Add Figure 4B
6.2. Shown here are the dose response curves for the response of D2 CNiFERs to dopamine [6.2.1-LM] and to norepinephrine [6.2.2-LM].  In addition, the response of “control” CNiFERs lacking the D2R is presented [6.2.3-LM].  This bar graph shows the FRET ratio response for other neurotransmitters and modulators at 50 nM and 1 µM [6.2.4-LM]. 
6.2.1. Figure 5.tif: Show Figure 5A (without text “DA”, “NE” and “control”), then add text “DA”
6.2.2. Figure 5.tif: In Figure 5A, add text “NE”
6.2.3. Figure 5.tif: In Figure 5A, add text “control”
6.2.4. Figure 5.tif: Show Figure 5B
6.3. Here, electrical stimulation of DA neurons in the substantia nigra elicits a large change in the FRET ratio for D2 CNiFERs. Note how the amplitude of the response increases with increasing intensity of electrical stimulation [6.3.1-LM].  
6.3.1. Figure 6 In vivo figure.tif: Show Figure 6b.  


7. Conclusion (said by authors on camera)
7.1. Emre Lacin: After watching this video, you should have a good understanding of how to create, test and implement the use of CNiFERs for in vivo imaging.
7.2. Marian Fernando: Throughout the development of CNiFERs, it is essential to maintain proper sterile technique since these cells will be ultimately implanted into living mice.   
7.3. Paul Slesinger: The realization of CNiFERs provides an important tool for researchers in the field of neuroscience to optically measure the release of any neurotransmitter or neuromodulator that signals through a G protein coupled receptor.
   

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.  

3.3.1-3.3.2_avc.mp4
3.4.1-3.4.2_new_avc.mp4
3.6.2_avc.mp4
3.7.1-3.7.3_avc.mp4
5.3.1_avc.mp4
5.3.2_avc.mp4
5.4.1-5.4.2_avc.mp4
5.5.1-5.5.3_avc.mp4
5.6.1-5.6.2_avc.mp4
5.7.1-5.7.3_avc.mp4
Figure 4a.eps
Figure 4b.eps
Figure 5a.eps
Figure 5b.eps

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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