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A.  Will you require JoVE to record video microscopy through a microscope? N
B.   Does your protocol include descriptions of 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 individual steps (not sections) of your protocol will viewers benefit most from having filmed? 3.5.-3.7., 4.1., 4.4.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  3.5. – 3.7.: Excision of the membrane, mounting and manual cell counting. (It is not “difficult”, but the correct orientation of the membrane is critical)

E. Will the filming need to take place in multiple locations? N
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to examine the influence of toxic chemicals on endothelial cell migration using different migration assays. (Intro) First, the use of a modified Boyden chamber assay to examine the chemokinesis of exposed endothelial cells is demonstrated. (C1) In the next experiment, a wound healing assay is combined with cell tracking to provide additional in-depth information about the dynamics of cell migration. (C2) In the final assay, investigation of the mitochondrial membrane potential is demonstrated for identifying the underlying mechanisms of impaired endothelial cell migration. (C3) Ultimately, these migration assays can be used to evaluate the effects of highly toxic alkylating agents on the mitochondrial membrane potential and migration of endothelial cells. (C4)
From Section 0 – Schematic Overview.ai

(C1) show boyden chamber with cells (middle left well with cells/filter/pink media in bottom left of graphic) and have at least one cell migrate through filter/chamber into bottom well

(C2) show cell monolayer (like top circle in bottom middle of graphic) and have pipette tip appear and and scratch “wound” into cells, then zoom into wound to show split and add red lines, bracket and micromteter text
(C3) show cell with mitochondia (top cell in bottom right), then add “TMRM” and have mitochondria turn red/yellow
(C4) with “mitochondrial membrane potential” please show Fig_3A-C.tif; with “migration of endothelial cells” please show Fig_2A_REV_2.tif OR Fig_1C.tif (Authors: please indicate which figure is more appropriate/preferred for illustrating this point)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Dirk Steinritz: The methods can help answer key questions in the field of wound healing disorders induced by highly toxic chemicals.  

1.2. Dirk Steinritz: Demonstrating the procedure will be Ram, Conny, Emine and Steffen
, all technicians from my laboratory. 
1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Early endothelial cell culture
2.1. To pre-coat the cell culture flasks, begin by adding a sufficient volume of freshly-prepared gelatin [2.1.1.-WIDE-TXT] to just cover the bottom of a sterile cell culture flask [2.1.2.-CU].

2.1.1. Few seconds Talent adding gelatin to flask (TEXT: See text for all reagent/media preparation details)

2.1.2. Shot of bottom of flask just covered with gelatin, with gelatin container label visible in frame if possible

2.2. Place the flask in a cell culture incubator for at least 30 minutes [2.2.1.-MED]. Then remove the remaining gelatin solution [2.2.2.-CU] and transfer the embryonic stem cell-derived early endothelial cells, or EEC (Pronounce: E-E-C), in enough media to culture the cells to 80% confluency [2.2.3.-CU].
2.2.1. *Film as written
2.2.2. Few seconds gelatin being moved

2.2.3. Few seconds cells being added, with EEC container label visible in frame if possible
2.3. When the cells have reached sub-confluence, remove the medium [2.3.1.-MED], rinse the cells with PBS [2.3.2.-CU], and incubate them in 1 ml of accutase per 25 cm2 for 2-10 minutes [2.3.3.-CU].
2.3.1. Few seconds Talent removing medium
2.3.2. Few seconds cells being washed with PBS, with PBS container label visible in frame if possible
2.3.3. Few seconds accutase being added, with accutase container label visible in frame if possible 

2.4. When the cells have detached, split them at a 1:5 ratio in fresh medium [2.4.1.-MED].
2.4.1. Few seconds Talent adding cells to one container, with 4 other containers visible in frame
3. Boyden Chamber

3.1. For endothelial cell migration analysis by Boyden chamber assay, pre-coat the filter inserts in 500 microliters of freshly-prepared 0.1% gelatin [3.1.1.-WIDE].
3.1.1. Few seconds Talent adding gelatin to at least one insert
3.2. After harvesting the EEC as just demonstrated, count the cells [3.2.1.-MED] and add 500 microliters of cell culture medium to the lower compartments of the Boyden chamber [3.2.2-CU].
3.2.1. Few seconds Talent at microscope, counting cells

3.2.2. Few seconds medium being added to at least one compartment
3.3. Next, add exactly 1x104 EEC in 500 microliters of medium to each filter [3.3.1.-CU]. Then, after removing any bubbles, place the Boyden chamber into the incubator for exactly 8 hours [3.3.2.-MED].
3.3.1. Cells being added to at least one filter, with EEC container label visible in frame if possible

3.3.2. *Film as written
3.4. At the end of the incubation, rinse the filters one time with PBS [3.4.1.-CU]. Then fix the cells with the addition of 0.5 ml of 4% paraformaldehyde to both compartments [3.4.2.-CU].
3.4.1. Few seconds at least one filter being rinsed with PBS

3.4.2. PFA being added to the second compartment (e.g. PFA already in top compartment so being added to bottom) of at least one well, with PFA container label visible in frame if possible
3.5. After 20 minutes, wash the filters at least 3 times with 0.1 M PBS [3.5.1.-CU] and excise the membranes with a scalpel [3.5.2.-CU].
3.5.1. Few seconds at least one filter being washed, with 0.1 M PBS container label visible in frame if possible
3.5.2. Few seconds at least one filter being excised
3.6. Use mounting medium supplemented with DAPI [3.6.1.-CU] to mount each membrane between two glass cover slips, taking care to note the orientation of the filters [3.6.2.-CU].
3.6.1.  Mounting medium being added to coverslip, with DAPI/mounting medium container visible in frame if possible
3.6.2. Shot of correctly oriented mounted filter, then few seconds second coverslip being placed
3.7. Then use a fluorescent microscope at a 400x magnification to count only the cells that have migrated toward the lower compartment [3.7.1.-MED], taking care not to confuse the pores [3.7.2.-LM] with the migrating cells [3.7.3.-LM].
3.7.1. Talent at microscope, selecting 400x objective

3.7.2. 01_filter_Figure1.tif: please indicate at least one small faint blue circle 
3.7.3. 01_filter_Figure1.tif: please indicate at least one big bright blue circle/oval
4. Wound healing assay, cell tracking, and mitochondrial membrane potential assessment
4.1. To initiate the wound healing assay, manually lift the cells from an 80% confluent EEC culture dish [4.1.1.-WIDE] by gently pushing a sterile 10 microliter pipette tip across the surface of the culture in a smooth, straight line from one side of the dish to the other [4.1.2.-CU].

4.1.1. Talent taking lid off of culture, picking up pipette tip

4.1.2. Few seconds wound being made 
4.2. Wash the plate twice in 0.1 M PBS to remove the detached cells [4.2.1.-CU]. Then add medium supplemented with the compound of interest to the culture container [4.2.2.-CU-TXT].

4.2.1. Few seconds plate being washed with 0.1 M PBS visible in frame

4.2.2. Compound of interest being added to cells, with compound container label visible in frame if possible (TEXT: e.g., 15 ng/ml alpha linolenic acid in 1.5 ml medium) (Video Editor: Only include text if appropriate/container label not visible)

4.3. Then mount the culture dish under a microscope capable of live cell imaging under cell culture conditions [4.3.1.-MED-TXT] and acquire time-lapse images over 24 hours at 10 minute intervals using at least a 1024 x 1024 resolution [4.3.2.-LM].
4.3.1. TEXT: e.g. 37°C, 5% CO2, w/ humidity
4.3.2. 02_timelapse_Movie1.avi
4.4. At the end of the imaging session, use the appropriate software tool to measure the gap width at 0 [4.4.1.-SCREEN] and 24 hours [4.4.2.-SCREEN].
4.4.1. *Authors will provide
4.4.2. *Authors will provide
4.5. To perform a cell tracking assay, import the image sequence into ImageJ [4.5.1.-LM] and enable the MTrackJ ImageJ plugin [4.5.2.-LM].

4.5.1. JoVE.ai: 00:00-00:10

4.5.2. JoVE.ai: 00:20-00:25

4.6. Then, using the “add” command, select 10 cells randomly in the field of view to manually track the movement of these cells over the 24 hour imaging period [4.6.1.-LM].

4.6.1. JoVE.ai: 00:26-00:29 and 00:54-00:58

4.7. Use the “Measure” command to display the results [4.7.1.-LM]. Then use the “Movie” command to export the tracks [4.7.2.-SCREEN].
4.7.1. JoVE.ai: 01:09-01:15

4.7.2. JoVE.ai: 01:19-01:39
4.8. To assess the mitochondrial membrane potential of the cells, after treatment with the experimental compound of interest [4.8.1.-MED], replace the cell culture medium with 2 microliters of freshly prepared TMRM (Pronounce: T-M-R-M) in 1 ml of fresh cell culture medium [4.8.2.-CU-TXT].
4.8.1. Talent adding compound to cells, with compound container visible in frame if possible

4.8.2. TMRM being added to cells, with TMRM container label visible in frame if possible  (TEXT: TMRM = tetramethylrhodamine) 

4.9. Then, without washing, immediately place the dish under the microscope [4.9.1.-CU] and obtain images of the control [4.9.2.-SCREEN] and experimentally-treated cells without changing the acquisition parameters to ensure comparability between the different groups [4.9.3.-SCREEN].
4.9.1. *Film as written

4.9.2. *Authors will provide

4.9.3. *Authors will provide
5. Results: Endothelial cell migration after exposure to toxic chemicals
5.1. Wound healing requires angio- and vasculogenesis, which are dependent on the migration of endothelial cells. As illustrated by the graph, exposure of the EEC to the alkylating agent chlorambucil results in a significant decrease in cell migration as measured by the Boyden chamber assay [5.1.1.-LM].
5.1.1. Fig_1C.tif: indicate chlorambucil data points and/or add left “significant” bracket at top of graph

5.2. The addition of the reactive oxygen species, or ROS (Pronounce: R-OS)-scavenger alpha linolenic acid directly after 24 hour-chlorambucil exposure significantly rescues this phenotype almost to control levels [5.2.1.-LM]. 
5.2.1. Fig_1C.tif: indicate chlorambucil data points and/or right “significant” bracket
5.3. The Boyden chamber assay, however, does not provide information about the migration behavior of the cells. In this representative wound and healing assay, the unexposed EEC were able to close the gap within 24 hours [5.3.1.-LM], while the chlorambucil-treated EEC were not [5.3.2.-LM].

5.3.1. Fig2A_REV_2.tif: please highlight top left and middle images

5.3.2. Fig2A_REV_2.tif: please highlight middle left and middle images

5.4. Moreover, cell tracking of the individual EEC revealed that the chlorambucil-exposed cells exhibited little movement [5.4.1.-LM], which was restored after treatment with the ROS-scavenger [5.4.2.-LM].

5.4.1. Fig2A_REV_2.tif: please highlight middle right image

5.4.2. Fig2A_REV_2.tif: Please highlight bottom right image

5.5. In fact, chlorambucil-exposed EEC exhibit a breakdown of their mitochondrial membrane potential, as illustrated by their lack of TMRM expression [5.5.1.-LM]. Treatment of the EEC with the ROS-scavenger, however, prevented this mitochondrial damage, maintaining their mitochondrial membrane potential.
5.5.1. Fig_3A-C.tif: please highlight middle image

5.5.2. Fig_3A-C.tif: please highlight right image
6. Conclusion (said by authors on camera)
6.1. Dirk Steinritz: After watching this video, you should have a good understanding of how to analyze the migration of chemically-disturbed endothelial cells using a modified Boyden chamber assay or a wound healing assay and how to assess their mitochondrial membrane potential.
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.  

Section 0 – Schematic Overview.ai

3.9 –
01_filter_Figure1.tif – color image of a filter insert at 400x 

4.3 – 
02_timelapse_Movie1.avi – time lapse 24h cell migration

JoVE.ai
Fig2A_REV_2.tif

Fig_1C.tif

Fig_3A-C.tif  – multi-color image displaying the mitochondrial membran potential
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.
�Authors: please include the demonstrators’ full names and affiliations so this information can appear on screen when they are introduced. Also, if these demonstrators are not co-authors, they will each need to fill out a video release form.
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