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A.  Will you require JoVE to record video microscopy through a microscope, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 3.2-4.5

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Understanding of the chlorine exposure system protocol step#3
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of the following experiment is to observe the effect of chlorine exposure in in vitro cell culture models of the lung airway and heart. (Intro) This is achieved by first culturing rat cardiomyocytes or human airway epithelial cells. (P1) The rat cardiomyocyte cultures will be exposed to chlorine gas to evaluate the chlorine toxicity against vital organs such as the heart, (P2) whereas the exposure of differentiated cultures of human airway epithelial chlorine allows the further modeling of human exposures to toxic gases. (P3) Ultimately caspase 3/7 release and the transepithelial electrical resistance can be measured to determine the apoptotic cell death of the cardiomyocytes and the membrane disruption and cell death of the human airway epithelial cells, respectively. (P4)
(P1) with “rat cardiomyocytes” please show Figure 1A.tif; with “human … cells” please show (Authors: please provide Figure 2A panel 1 image without the “1” label)
(P2) Figure 1D.tif
(P3) Figure 2A.tif
(P4) with “ultimately caspase 3/7 release” please show Figure 1E.tif; with “transpithelial electrical resistance” please show Figure 2B.tif (Authors: please provide Figure 2B as its own .ai, .tif, or .psd file without the “B”) if necessary/appropriate, please show Figure 1D.tif again with “apoptoic … cardiomyocytes” and Figure 2A.tif with “membrane … cells”
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Shama Ahmad: The main advantage of this technique over existing chemical exposure methods is that this technique involves targeting tissue primary cell cultures instead of whole animals, allowing a simple in vitro toxicity testing method. 
1.2. Shama Ahmad: Demonstrating the procedure will be Tara Hendry-Hofer an expert operator of the exposure system. 
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. Chlorine exposure and transepithelial electrical resistance (TER) measurement
2.1. To perform chlorine exposure experiments, the chlorine exposure system must be contained inside a qualified chemical hood with an operational face velocity of 100 fpm. 
2.1.1. WIDE: Talent enters frame, approaches chlorine exposure system (Video Editor: If possible, outline or otherwise indicate chemical hood when mentioned)
2.1.2. MED: Few seconds Talent setting face velocity to 100 fpm (TEXT: 2° containment in event of leaks)
2.2. Before beginning the exposure, first adjust the system to a slight positive pressure with 0.5 inches of water. Then feed dry air and an appropriate level of chlorine into the system at 15 l/min through a Mass Flow Controller. The chlorine exposure system uses a compressed gas cylinder containing 1% chlorine in dry nitrogen. 

2.2.1. CU: Shot of 0.5 in of water in system OR MED: Talent adding water to system

2.2.2. MED: Talent turning on dry air

2.2.3. CU: Shot of chlorine being turned on/set to 15 l/min

2.2.4. CU: Shot of compressed gas cylinder, if possible with label indicating 1% chlorine in dry nitrogen visible (Video Editor: if possible/appropriate, please circle or otherwise indicate 1% chlorine in dry nitrogen on cylinder label when mentioned)

2.3. Next, lock the chamber lid with the 4 mini-bio containment unit locks and the low-durometer silicone gasket to provide the pressure seal, and then, using the custom designed flow panel, regulate the dilution airflow and the chlorine concentration to the exposure chambers. 
2.3.1. MED: Talent locking at least one mini-bio containment unit lock

2.3.2. CU: Low-durometer gasket being closed/locked

2.3.3. CU: Shot of flow panel, then few seconds dilution airflow being regulated (Videographer: Combine 2.3.3. and 2.3.4. as appropriate)
2.3.4. CU: Few seconds chlorine concentration being regulated (Videographer: Combine 2.3.3. and 2.3.4. as appropriate)

2.4. A low volume sampling pump pulls the exhaust from the chambers into a chlorine analyzer to monitor concentrations that are then recorded on a data logger connected to the analyzer.  
2.4.1. CU: Shot of low volume sampling pump

2.4.2. CU: Shot of chlorine analyzer

2.4.3. CU: Shot of data logger

2.5. Use a flow meter to measure the flow rates within the chambers prior to exposure to ensure equal delivery and exhaust rates.  
2.5.1. MED: Few seconds Talent using flow meter to measure rates within at least one chamber
2.6. Now remove the supernatant media from the cells of interest and add fresh media to the cell culture. 
2.6.1. MED: Few seconds Talent removing supernatant

2.6.2. CU: Few seconds media being added to cell culture 
2.7. Then expose the cell cultures to the chlorine gas at the appropriate ppm and exposure period in the two sealed polysulfone biocontainment chambers. After the exposure, flush the chambers with air for about 5 minutes until the chlorine level falls below 1 ppm for safe opening of the system and removal of the cells.

2.7.1. MED: Talent placing plate into at least one chamber (TEXT: See text for suggested ppm exposure times) 
2.7.2. MED: Talent setting machine to flush air/turning on air (Videographer: If possible, please capture air flushing sound) (Video Editor: If possible, consider adding sound of air flushing to part of clip?)

2.7.3. CU: Shot of screen/dial/other indicating chlorine level <1 ppm
2.8. To measure the transepithelial electrical resistance of the chlorine-exposed cell cultures, use an epithelial voltohmmeter with a pair of silver chloride “chopstick” electrodes.
2.8.1. CU: Shot of voltohmmeter and chopstick electrodes (Video Editor: if possible, please indicate voltohmmeter and chopstick electrodes with arrow and appropriate text when mentioned)

2.9. First, equilibrate the chopstick electrodes in the air-liquid-interface media 15 minutes before use. Then add 1 ml of warm media to the apical surface and 2 ml to the basolateral surface of the cell culture.

2.9.1. MED: Talent placing electrodes into media

2.9.2. CU: 1 ml media being added to aplical surface

2.9.3. CU: 2 ml being added to basolateral surface

2.10. Now dip the shorter arm of the electrode into apical media and the longer arm into the basolateral media and click the ‘measure’ button on the voltohmmeter to evaluate the electrical resistance. 
2.10.1. MED: Talent dipping shorter arm into apical media, then longer arm into basolateral media (Videographer: Split action into separate steps as necessary)

2.10.2. CU: “Measure” button being clicked
2.11. Then, to determine the transepithelial electrical resistance, subtract the resistance across a cell-free culture support from the resistance measured across each cell layer:

2.11.1. TEXT BLACK ON WHITE:

TER (ohms/cm2)=TER across cell containing membrane-TER across empty membrane
Area of membrane surface               
3. Results: Representative effects of chlorine exposure on rat and human cells
3.1. Primary rod-shaped cardiomyocytes attach, spread, and differentiate on laminin matrices into confluent cultures. 
3.1.1. LAB MEDIA: Figure 1A.tif (Video Editor: with “attach” please highlight/outline the top left inset image; with “spread … differentiate” please highlight/outline the top right inset image)

3.2. In this representative experiment, the rat cardiomyocytes were further characterized on the basis of their sarcomeric actin and SERCA2 expression.
3.2.1. LAB MEDIA: Figure 1BC.tif 

(Video Editor: with “sarcomeric actin” please highlight/indicate the green cell image and the western blot spot indicated by the “Sarcomeric actin” arrow and text; 

with “SERCA2 expression” please highlight/indicate the western blot spot indicate by the “SERCA2” arrow and text)

3.3. Rat cardiomyocytes are highly susceptible to chlorine toxicity: a 15 minute exposure to 100 ppm chlorine causes extensive cell rounding and death in submerged cultures and a disruption of the confluent layers on cells observed on the laminin coated membranes.
3.3.1. LAB MEDIA: Figure 1D.tif (Video Editor: with “Rat cardiomyocytes” please highlight the left column of images; with “extensive … membranes” please highlight the right column of images) 

3.4. The cells also exhibit an enhanced apoptotic cell death as indicated by the release of caspase 3/7 in cardiomyocytes grown on inserts.
3.4.1. LAB MEDIA: Figure 1E.tif (Video Editor: with “enhanced … caspase 3/7” please highlight/indicate/color with bright color/outline the 100 data bars for both the 4h and 24 h conditions)
3.5. In these next figures, a representative experiment with chlorine-exposed differentiated human airway epithelium is shown.

3.5.1. LAB MEDIA: Figure 2 JOVESA.tif

3.6. Exposure of human airway epithelium to chlorine causes sloughing and lifting of cell membranes at both low and high concentrations. Damage by a low chlorine concentration is quickly reversed. However, in cells exposed to higher chlorine concentrations, the ability to recover from the gas exposure is delayed or absent, as observed by visual inspection or cell proliferation assessment by Ki-67 staining. 
3.6.1. LAB MEDIA: Figure 2A 

(Video Editor: with “Exposure … epithelium” please highlight top left image; 

with “causes sloughing” please add/flash/indicate open arrows in top middle and top right images; 

with “lifting of cell membranes” please add/flash/indicate solid black arrow in top right image; 

with “at both low” please highlight top middle image; 

with “and high” please highlight top right image; 

with “Damage … reversed” please highlight middle middle image and add/flash/indicate the black arrowhead; 

with “delayed or absent … visual inspection” please highlight middle right image; 

with “or cell .. staining” please highlight bottom right image)

3.7. Transepithelial electrical resistance measurements and caspase activity further confirm these results and provide evidence for a loss of membrane integrity and apoptotic cell death upon chlorine exposure. Thus these studies describe the development of an in vitro chlorine exposure system that causes loss of membrane integrity and cell death of airway epithelium and cardiomyocytes.
3.7.1. LAB MEDIA: Figure 2BC.tif (Authors: please provide Figure 2B as a composite .ai, .tif, or .psd file without the “B” and “C” labels) (Video Editor: with “Transepithelial … measurements” please highlight/outline/indicate left graph; with “and caspase activity” please highlight/outline/indicate right graph)
4. Conclusion (said by authors on camera)

4.1. Tara Hendry-Hofer: After its development, this technique paved the way for researchers in the field of toxicology to explore the mechanisms of the toxicity of poisonous gases in complex organ systems such as the lung and heart.       
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.  

3.1.1 Shama AhmadFigure 1A.tif-pictograph to depict attachment and spreading of primary rat cardiomyocytes.
3.2.1 Shama AhmadFigure 1BC.tif-Immunofluorescence and Western blot to depict cardiomyocyte specific sarcomeric actin and SERCA2 expression in rat cardiomyocyte preparations in this study. 
3.3.3 Shama AhmadFigure 1D.tif-Suceptibility to chlorine of cardiomyocytes grown as submerged cultures or on matrix coated membranes 
3.4.1 Shama AhmadFigure 1E.tif-Caspase 3/7 release by primary rat cardiomyocyte upon chlorine exposure.
3.5.1 Shama Ahmad Figure 2JOVESA.tif-Chlorine toxicity to air-liquid-interface cultures of human primary airway epithelial cells.

3.6.1 Shama Ahmad Figure 2A.tif-Effect of low and high concentration of chlorine on human airway epithelial cell cultures

(Authors: please provide Figure 2A panel 1 image without the “1” label)

(Authors: please provide Figure 2B as its own .ai, .tif, or .psd file without the “B”) 

(Authors: please provide Figure 2B as a composite .ai, .tif, or .psd file without the “B” and “C” labels) 

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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