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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include software usage? Y
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? 
2.3., 3.2., 3.6., 4.5., 4.7., 4.9.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 4.1.-4.11. The binding assay which depends on good GFP construct isolation which we optimize, careful determination of optimal fluorescein heparin levels for detection, set-up of the various samples, careful pipetting, and then analysis of the fluorescence readings.
E.  Will the filming need to take place in multiple locations? Y, same building different rooms/floors


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 using a GFP-tagged construct is to confirm the identity of a previously unknown protein using the GFP as a handle. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Linda Lowe-Krentz: This method can help with the functional identification of orphan genes when a specific enzyme activity is not available for confirmation. 
1.2. Sara Lynn Farwell: The main advantage of this technique is that the GFP tag allows the same construct to be used for several types of experiments.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Yaqiu (Amy) Li: Generally, individuals who are new to this method may have trouble because the transfection does not always result in a strong construct expression and the cells do not always survive.
1.4. Joshua Slee: We first had the idea for this method when we began to recognize the difficulties of identifying a protein using only the antibodies created against it.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

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

Protocol (read by voice talent at JoVE):
2. Vascular Cell GFP-TMEM184A Expression and Rhodamine-Heparin Binding
2.1. Begin by resuspending the cells of interest in 1 mL of HEPES-buffered saline electroporation buffer [1-WIDE-TXT] and immediately place the cells on ice [1-MED-TXT].
2.1.1. Few seconds Talent resuspending cells in electroporation buffer, with electroporation  buffer container label visible in frame (TEXT: See text for all medium/reagent preparation details)
2.1.2. Talent placing cells on ice (TEXT: Keep cells on ice throughout transfection procedure)
2.2. Add a sufficient volume of GFP-TMEM184A (Pronounce: T-mem-one-eighty-four-A)-tagged plasmid to the cells to achieve a final concentration of 20 micrograms/ml of DNA [1-MED] and transfer approximately 0.4 mL of cells into a pre-chilled electroporation cuvette [2-MED-TXT].
2.2.1. Talent adding plasmid to cells 
2.2.2.  Talent adding cells to cuvette (TEXT: Use identical protocol for GFP construct)
2.3. Electroporate the cells [1-MED-TXT]. Then seed the transfected cells onto tissue culture dishes [2-MED-TXT] and place the dishes in a cell culture incubator for 24-72 hours [3-MED].
2.3.1. Talent adding cuvette to electroporator (TEXT: Exponential Decay, 500 microF,  ohm, and 170 V)
2.3.2. Few seconds Talent adding cells to dish, with medium container visible in frame (TEXT: See text for all medium/reagent preparation details)
2.3.3. Talent placing dish(s) into incubator
2.4. Joshua Slee: “The transfection step is the most critical step of the procedure, because much of the remaining experimental work cannot effectively be completed if the cells are not viable and do not express significant levels of the GFP-tagged construct.” [1-MED-interview style]
2.4.1. Joshua Slee, speaking the above interview style (looking just off-camera)
2.5. At the appropriate experimental time point, add 100 micrograms/ml of rhodamine-heparin to the GFP-plasmid-expressing cell culture medium, [1-MED] and incubate the cells, protected from light, until the desired level of staining is reached, as observed by fluorescence microscopy [2-LM-TXT].
2.5.1. Few seconds Talent adding dye to cells, with dye container label visible in frame
2.5.2. Few seconds Talent at microscope, looking at cells (TEXT: Label ≤ 10 min) OR Authors: do you want to show BAOEC colored CTD MeOH for video.tif or another appropriate representative rhodamine-heprain-stained cell image? If yes, please indicate here (and/or upload the new file through the submission link as appropriate) Note from Authors: We uploaded an image showing GFP and red heparin.
2.6. Next, rinse the cells with PBS and a few seconds of gentle shaking protected from light [1 and 2-MED] followed by fixation with 4% paraformaldehyde for 15 minutes at room temperature with gentle shaking [3 and 4-MED].
2.6.1. Few seconds Talent rinsing/shaking cells, with PBS container visible in frame if possible (broken into 2 shots, unsure what slating says)
2.6.2. Few seconds Talent fixing/shaking cells, with PFA container visible in frame if possible (broken into 2 shots)
2.7. To assess the GFP-tagged-rhodamine-heparin co-localization, use a confocal microscope with the appropriate GFP and rhodamine excitation and emission lasers [1-MED] to image at least 50 cells from each separate labeling experiment [2-MED-over the shoulder-TXT].
2.7.1. Talent approaches microscope, places plate onto microscope (Video Editor: only as much action as necessary for narrative)
2.7.2. Few seconds Talent at microscope, imaging cells, with microscope computer monitor visible in frame (TEXT: Controls = identical, non-transfected cells)
2.8. Examine the images in the appropriate image analysis program to determine the relative rhodamine binding and uptake in each cell [1-SCREEN-TXT], using a freehand tool to circle the cells within each fluorescent image [2-SCREEN].
2.8.1. *To be provided by Authors: Few seconds file being opened in image analysis program (TEXT: Convert to grey scale as appropriate)
2.8.2. *To be provided by Authors: Few seconds one cell being circled
2.9. Use the measure tool to determine the intensity within each circled space [1-SCREEN]. Then export the fluorescence intensity data to a spreadsheet to calculate the area multiplied by the intensity [2-SCREEN], subtracting the background for the same amount of area for each cell [3-SCREEN].
2.9.1. *To be provided by Authors: Few seconds intensity being measured for at least one cell
2.9.2. *To be provided by Authors: Few seconds data being opened/imported into spreadsheet
2.9.3.  *To be provided by Authors: Few seconds background being subtracted from at least one cell
2.10. The fluorescence per cell can then be averaged for all of the cells to obtain statistically significant data [1-SCREEN].
2.10.1. *To be provided by Authors: Few seconds fluorescence/cell being averaged for at least one cell
3. Fluorescence Resonance Energy Transfer (FRET) from GFP-TMEM184A to Rhodamine-Heparin and Live Cell Imaging of Rhodamine-Heparin Uptake
3.1. To facilitate the fluorescence resonance energy transfer from GFP-TMEM184A to rhodamine-heparin, first mount fixed, GFP-TMEM184A-transfected, rhodamine-heparin-labeled cells onto glass microscope slides [1-WIDE].
3.1.1. Few seconds Talent adding cells to at least one slide, with cell container and other slides visible in frame 
3.2. Excite the cells at 405 nm for imaging the rhodamine emission [1-MED-over the shoulder], followed by excitation at 488 nm to image the GFP emission [2-SCREEN].
3.2.1. Talent at microscope, exciting cells, with cells visible on computer monitor 
3.2.2. *To be provided by Authors: Cells being excited/imaged at 488 nm Author note: We have uploaded just the image.  If you prefer, we can upload an image of the entire microscope screen with the images.
3.3. Then excite the cells at 561 nm for a second rhodamine emission imaging [1-SCREEN-TXT].
3.3.1. *To be provided by Authors: Cells being excited/imaged at 561 nm (TEXT: Controls = cells w/o GFP-TMEM184A/rhodamine-heparin) Author note: As with 3.2.2, we could upload an entire microscope screen image if you prefer.
3.4. For live cell imaging of the rhodamine-heparin uptake, seed a 100 mm confluent dish culture of the GFP-TMEM184A-transfected cells [1-MED] into six 35 mm live cell imaging dishes to obtain cells near confluence [2-MED].
3.4.1. Few seconds Talent seeding cells onto dish, with medium container visible in frame
3.4.2. Talent placing dish(es) into incubator
3.5. After 48 hours, replace the supernatant with culture medium without phenol red [1-MED] and transfer a dish of cells to a confocal microscope with a warming stage set to 37 °C [2-MED].
3.5.1. Few seconds Talent adding medium to one dish, with medium container visible in frame
3.5.2. Talent placing plate onto microscope
3.6. Focus the microscope [1-MED] and add 100 micrograms/ml of rhodamine-heparin to the cells with gentle mixing [2-CU].
3.6.1. Few seconds Talent adjusting focus
3.6.2. Rhodamine-heparin being added to cells with gentle mixing
3.7. Then immediately begin recording the live images [1-MED-over the shoulder]. If no heparin uptake occurs within the field of view, move the dish slightly to identify the cells with at least one green vesicle containing the rhodamine label [2-SCREEN-TXT].
3.7.1. Talent starting imaging, with computer monitor with cells visible in frame
3.7.2. Few seconds dish/image being moved to find red cell with green (TEXT: Image under same emission/excitation parameters as heparin uptake) Author note: We uploaded the microscope computer image that could be part of this if you prefer.
4. In Vitro Heparin Binding Assay
4.1. For heparin binding assessment in vitro, rinse one black, avidin-coated 96 well plate [1-WIDE] and one black, non-coated 96 well plate with 200 microliters 0.2% CHAPS (Pronounce: chaps)-PBS per well for three 5 minute washes with shaking [2-MED].
4.1.1. Few seconds Talent adding CHAPS to coated plate, with both plates and CHAPS-PBS container visible in frame
4.1.2. Talent placing plates onto shaker
4.2. After the last wash, add 100 microliters of 60 picomoles/well of biotinylated anti-GFP in triplicate to the avidin-coated plate for each GFP-binding group [1-CU-TXT].
4.2.1. Few seconds anti-GFP being added to at least one well, with anti-GFP container label visible in frame (TEXT: See text for plate layout details) Author note: A layout picture was uploaded also.
4.3. Next, add buffer only to the control wells [1-CU] and seal all of the wells with a plate cover [2-CU] for a 2 hour incubation at room temperature with shaking [3-CU].
4.3.1. Buffer being added to at least one well, with buffer container visible in frame
4.3.2. Few seconds plate being sealed
4.3.3. Few seconds plate being shaken
4.4. At the end of the incubation, wash all of the wells three times in CHAPS-PBS as just demonstrated [1-MED] and add 100 microliters of 5 nanomoles/well of GFP-TMEM184A or GFP alone to the appropriate wells in the avidin-coated plate [2-MED].
4.4.1. Few seconds Talent adding CHAPS-PBS to at least one well, with CHAPS-PBS container visible in frame
4.4.2. Few seconds Talent adding GFP to at least one well, with GFP container visible in frame (either GFP)
4.5. After a one hour incubation at room temperature with shaking [1-CU], wash all of the wells with fresh CHAPS-PBS [2-CU] and add 100 microliters of each experimental fluorescein-heparin concentration to the appropriate test wells in triplicate to the avidin-coated plate [3-CU].
4.5.1. Few seconds plate(s) shaking
4.5.2. Few seconds CHAPS-PBS being added to at least one well, with CHAPS-PBS container visible in frame
4.5.3. Few seconds experimental fluorescein-heparin being added to at least one well, with experimental fluorescein-heparin container label visible in frame Videographer note: 4.5.3 and 4.6.2 should be swapped due to mis-slating. The footage from 4.5.3 is actually 4.6.2 and vice versa.
4.6. Add the concentration standards to both the avidin-coated and non-coated plates [1-CU] and incubate both plates for 10 minutes at room temperature with shaking protected from light [2-CU].
4.6.1. Standard(s) being added to at least one well, with both plates and standards container(s) visible in frame 
4.6.2. Few seconds plates shaking see note for 4.5.3
4.7. Now use a plate reader to record the initial, heparin fluorescence emission in the control wells of both plates [1-MED] and the initial, total fluorescence emission from the wells with the immobilized GFP or GFP-TMEM184A in the avidin-coated plate [2-SCREEN-TXT].
4.7.1. Talent loading plate(s) onto plate reader
4.7.2.  *To be provided by Authors: Shot of initial, total fluorescence emission from GFP wells in avidin-coated plate (TEXT: Adjust to ensure fluorescent heparin detection between lowest and highest concentrations as necessary). Author note: This is now also available.
4.8. Then transfer the unbound fluorescent heparin from the wells with the immobilized GFP-TMEM184A or GFP into the corresponding wells in the non-coated black plate [1-MED-over the shoulder].
4.8.1. Few seconds Talent transferring heparin from one well to new well
4.9. After immediately reading the fluorescence emission on the non-coated black plate [1-CU], add 100 microliters of fresh CHAPS-PBS back into wells from which the fluorescein-heparin was removed [2-CU] and read the fluorescence emission for these wells to obtain the fluorescence emission from the removed, unbound samples in the non-coated plate [3-SCREEN-TXT].
4.9.1. Plate being loaded onto plate reader 
4.9.2. Few seconds CHAPS-PBS being added to at least one well
4.9.3. *To be provided by Authors: Shot of emission of washed wells (TEXT: Repeat/record unbound heparin transfer/fluorescence emission reading x3) Author note: Original image of 4.9.3 was updated.  A new image will be uploaded.  Please find the one that says 4.9.3 final.
4.10. When all of the “unbound” readings have been obtained, use the total heparin emission values to confirm the correct levels of heparin were added to each well by subtracting the average background readings from the values [1-MED-over the shoulder].
4.10.1. Talent at computed, subtracting background readings from values, with monitor visible in frame
4.11. Then create a plot of the emission vs. the total fluorescein-heparin added to determine the scale of the emission vs. the amount of heparin [1-SCREEN] and plot the corrected bound heparin vs. the added heparin for the triplicates from both of the GFP and GFP-TMEM184A wells [2-SCREEN/LM].   
4.11.1. *To be provided by Authors: Shot of plot of emission vs. total fluorescein-heparin added  Author note: a graph has been uploaded 
4.11.2. *To be provided by Authors: Shot of corrected bound heparin vs added heparin for both sets of wells OR Figure 4.tif Author note: use Figure 4
5. Results: Representative GFP-TMEM184A-Transfection Effects 

5.1. The length of time after transfection impacts the distribution of the GFP-TMEM184A, which appears to accumulate over at least 72 hours [1-LM], with more GFP apparent in the peri-nuclear region over time [2-LM].

5.1.1. GFP image for video.tif: no animation
5.1.2. GFP image for video.tif: please circle/indicate brighter staining in middle/left of cell

5.2. The staining pattern of GFP in this representative vascular cell culture appears to be most similar to that of an antibody raised against a C-terminal peptide; a logical outcome given that the GFP is at the C-terminus of the protein [1-LM].

5.2.1. BAOEC colored CTD MeOH for video.tif: no animation OR please indicate one cell Author note: We have stained new cells with both antibody and GFP and have a new image with CTD antibody staining and GFP construct in the same sample.  It is uploaded as 5.2.1

5.3. The use of a fluorescent rhodamine-heparin ligand can also be used for the real-time evaluation of ligand-receptor co-localization over time [1-LM].

5.3.1. movie.mp4: please highlight/indicate image area within circle in bottom row/bottom row OR no animation

5.4. Heparin uptake is increased in GFP-TMEM184A construct-transfected, stable knockdown cells [1-LM], resulting in cells that can regain the ability to internalize rhodamine-heparin [2-LM] at or above the level of wild-type cells [3-LM].

5.4.1. Figure 5 no A B.tif: please outline/indicate middle stable knockdown image
5.4.2. Figure 5 no A B.tif: please indicate KD + (fourth) data column
5.4.3. Figure 5 no A B.tif: please indicate A7r5 + (second) data column

5.5. [bookmark: _GoBack]Using the demonstrated plasmid-encoded GFP-tagged system, the anti-GFP antibody isolated GFP-TMEM184A construct demonstrates a specific, saturable heparin binding [1-LM], while the control GFP does not bind any heparin [2-LM].

5.5.1. Figure 4.tif: please add/indicate open, white data squares
5.5.2. Figure 4.tif: please add/indicate closed, black data circles

5.6. Simple immunofluorescent staining with antibodies against GFP can also provide information about the GFP location based on the antibody access in non-permeabilized cells [1-LM], providing preliminary evidence that the GFP expressed at the plasma membrane is extracellular [2-LM].

5.6.1. figure 5.tif: please highlight/indicate top middle and right images
5.6.2. figure 5.tif: no animation
6. Conclusion (said by authors on camera)
6.1. Joshua Slee: Once mastered, this technique can result in excellent GFP-construct expression after 24 to 48 hours of culture. The live imaging and heparin uptake studies can then be completed in as little as 15 minutes.  
6.2. Yaqiu (Amy) Li: While attempting the live imaging protocol, it is important to remember that some cells might not exhibit the co-localized uptake, so it is often necessary to examine other cells.
6.3. Sara Lynn Farwell: Binding assays with GFP ligands can be complicated by dimer or higher order aggregates of the GFP protein, particularly if they are in detergent micelles.
6.4. Linda Lowe-Krentz: Overall, the expression of GFP-tagged proteins can facilitate a wide variety of experiments to confirm the identity of a previously unknown protein.  

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.  

GFP image for video.tif
BAOEC colored CTD MeOH for video.tif
Figure 5 no A B.tif
Figure 4.tif
figure 5.tif 

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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