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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark No)   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)___N_____ 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 using the step numbers listed in this document. __3.2 – 3.12

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. Step 4.6. This step is not particularly difficult but it is important not to get confused with the treatment of the different samples. Generally, the protocol is not difficult. But one has to make sure that all reagents are well prepared and working concentrations are determined/titered before staring the assay.
E.  Will the filming need to take place in multiple locations? (Y/N) _______ If yes, how far apart are the locations? __ Same building/On campus (5 minutes walking distance)
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative: (use internal.assay for animation.pdf)
The overall goal of this procedure is to measure attachment and internalization of influenza A virus particles into A549 lung epithelial cells. (Intro)
This is accomplished by first cold-binding biotinylated influenza A virus to A549 cells, which allows attachment, but prevents uptake of viral particles. (P1, Editor, begin with the left hand panel here.)
Next, the virus is allowed to internalize by shifting the temperature to 37°C . (P2, Editor, transition to the second panel where the circle at the top is replicated and in a brown circle underneath it.)
Then, a blocking step in which unlabeled streptavidin is bound to cell surface-attached viruses is performed in order to discriminate between attached and internalized viral particles. (P3, Editor, transition to the third panel here, adding in the orange crosses.)
Finally, the cell-associated biotinylated virus is incubated with Cy3-labelled streptavidin and flow cytometry is used to detect the stained viruses. (P4, Editor, transition to the fourth panel here with the addition of the yellow crosses and red stars at the top and in the circle at the bottom.)
Ultimately, the relative amount of attached and internalized viruses is calculated. (P5, Editor, bring I the panels in Figure 6 one at a time here.)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Marie Pohl: Though this method can provide insight into the relative amount of influenza A virus that attaches and internalizes into A549 cells, it can also be applied to other systems using different cell lines or other viruses.

Protocol (read by voice talent at JoVE):

2. Attachment/Internalization Assay
2.1. TEXT ON WHITE BACKGROUND: Prepare all reagents before starting the following assay.  All centrifugation steps will be carried out at 450 x g and 4°C for 3 minutes.  All samples should be processed in parallel as much as possible [2.1.1-TXT].
2.1.1. TEXT of the above statement

2.2. After generating biotinylated virus [2.2.1-WIDE/MED] and determining the required amounts of the labeled virus, streptavidin, and Cy3-labeled steptavidin according to the text protocol [2.2.2-MED/CU], prepare 4 deep well tubes each containing 200,000 A549 cells [2.2.3-CU-TXT].
2.2.1. Talent at bench places biotinylated virus on bench or on ice 
2.2.2. Spreadsheet or lab book with calculations for virus and streptavidin with biotinylated virus in view

2.2.3. Talent adds A549 cells to 4 tubes (TEXT: refer to text protocol for controls)

2.3. Label the tubes as ‘0 min,’ ‘0 min + STV,’ ’30 min,’ and ’30 min + STV.’ [2.3.1-CU]
2.3.1. Labeled tubes lined up on bench in order of VO

2.4. Next, spin the tubes [2.4.1-MED], remove the supernatant [2.4.2-CU], and use 200 ul of PBS to resuspend the pellets [2.4.3-CU].  Then after spinning the tubes again, use 200 ul of A549 standard growth medium to resuspend the cells [2.4.4-CU/ECU-TXT].  Incubate at 37°C for 30 minutes [2.4.5-WIDE].
2.4.1. Talent places tubes into centrifuge and starts spin; B need another version for 2.6.1 below
2.4.2. Film as written

2.4.3. Film as written; B need another version for 2.10.3 below
2.4.4. Talent resuspends four pellets (TEXT: DMEM, 0.5% FBS, 0.3% BSA, 20 mM HEPES, pen-strep)

2.4.5. Talent places cells in incubator

2.5. Following the incubation, centrifuge the samples [2.5.1-FF] and resuspend the pellets in 200 ul of PBS [2.5.2-FF].  After repeating the wash one more time, cool the tubes down on ice for 10 minutes [2.5.3-MED/CU].
2.5.1. FREEZE FRAME from 2.4.1

2.5.2. FREEZE FRAME from 2.4.3

2.5.3. Talent places tubes on ice; B need another version for 2.6.3 below; C need another version for 2.9.1 below
2.6. When the tubes have cooled, spin again [2.6.1-MED/CU], and use 100 ul of biotinylated virus diluted in infection-PBS to resuspend the pellets [2.6.2-CU-TXT].  After incubating on ice for 1 hour [2.6.3-MED/CU], repeat the spin [2.6.4-FF] and wash with PBS twice [2.6.5-FF].
2.6.1. Use 2.4.1B here

2.6.2. Film as written (TEXT: refer to text protocol for further details)
2.6.3. Use 2.5.3B here

2.6.4. FREEZE FRAME from 2.4.1B

2.6.5. FREEZE FRAME from 2.4.3

2.7. Processing the following samples in parallel as much as possible, for the ‘0 min’ samples, after spinning, use 100 ul of 3.7% paraformaldehyde, or PFA, to resuspend the cell pellet [2.7.1-CU].  Incubate at room temperature for 10 minutes before spinning and using PBS to wash the cells twice [2.7.2-MED/CU].  Following fixation, store at 4 degrees C until all samples have been processed [2.7.3-WIDE].
2.7.1. Talent resuspends pellet in PFA; B need another version for 2.10.4 below
2.7.2. Talent picks up tube after incubating and places them into centrifuge buckets – have PBS visible 

2.7.3. [added] Talent places centrifuge buckets containing the samples into centrifuge

2.7.4. Talent places tube in fridge

2.8. To treat the ‘0 min + STV’ samples [2.8.1-CU], spin the tubes [2.8.2-FF], remove the supernatant [2.8.3-FF], and use 50 ul of STV, 2% BSA and 0.1% sodium azide in PBS to resuspend the cell pellet [2.8.4-CU].
2.8.1.  Shot of ‘0 min + STV’ tubes on bench
2.8.2. FREEZE FRAME from 2.7.2

2.8.3. FREEZE FRAME from 2.4.2

2.8.4. Film as written

2.9. Incubate on ice for 30 minutes [2.9.1-MED/CU], then centrifuge [2.9.2-FF] and use PBS to wash the cells twice [2.9.3-FF].  After fixation with PFA as just demonstrated [2.9.4-FF], store the samples at 4°C [2.9.5-FF].
2.9.1. Use 2.5.3C here

2.9.2. FREEZE FRAME from 2.4.1

2.9.3. FREEZE FRAME from 2.4.3, Editor, place side by side with 2.9.2
2.9.4. FREEZE FRAME from 2.7.1

2.9.5. FREEZE FRAME from 2.7.3, Editor, place side by side with 2.9.4 when mentioned
2.10. For the ’30 min’ samples, after spinning and removing the supernatant, use PBS, 2% BSA to dissolve the samples [2.10.1-CU].  Incubate at 37°C for 30 minutes [2.10.2-MED/CU] before washing with PBS [2.10.3-CU] and fixing with PFA [2.10.4-CU].  Then store the samples at 4°C [2.10.5-WIDE].
2.10.1. Film as written

2.10.2. Talent places samples at 37 degrees C

2.10.3. Use 2.4.3B here

2.10.4. Use 2.7.1B here
2.10.5. Talent places samples in fridge

2.11. For the ’30 min + STV’ samples, after pelleting, resuspend the samples in 200 ul of PBS/2% BSA [2.11.1-FF].  Following an incubation at 37°C for 30 minutes [2.11.2-FF], spin [2.11.3-FF] and resuspend the cells in 50 ul of STV/2% BSA/0.1% sodium azide in PBS [2.11.4-CU].
2.11.1. FREEZE FRAME from 2.10.1

2.11.2. FREEZE FRAME from 2.10.2

2.11.3. FREEZE FRAME from 2.7.2, Editor, place side by side with 2.11.2 when mentioned
2.11.4. Film as written

2.12. Incubate on ice for 30 minutes [2.12.1-CU] before washing [2.12.2-FF] and fixing [2.12.3-FF].  Then, after permeabilizing and staining all samples with STV-Cy3 following the details in the text protocol, store the samples at 4 degrees C [2.12.6-FF].
2.12.1. FREEZE FRAME from 2.9.1

2.12.2. FREEZE FRAME from 2.10.4
2.12.3. FREEZE FRAME from 2.4.3B, Editor, scroll through 2.12.1, 2.12.2, and 2.12.3 as mentioned
2.12.4. WIDE Talent places all samples in fridge
2.13. Finally, analyze the samples by flow cytometry [2.13.1-LM].  Determine the percentage of Cy3-positive cells in each sample [2.13.2-LM].
2.13.1. LAB MEDIA Figure 2A
2.13.2. LAB MEDIA Figure 3
2.14. Calculate the percentage of attached virus and the relative amount of internalized virus according to the text protocol [2.14.1-LM].
2.14.1. LAB MEDIA Figure 4B and 5B, Editor, bring in 4B for percentage of attached virus and then 5B next to it for internalized virus
3. Results: Analysis of Internalization of Influenza Virus A in A549 Cells
3.1. As shown here, in the ‘0 min’ sample, biotinylated virus is cold-bound to target cells as visualized by STV-Cy3 staining.  When STV is applied as a blocking step, virus at the cell surface can no longer be detected by STV-Cy3 staining, strongly reducing the signal [3.1.1-LM].

3.1.1. LAB MEDIA Figure 1 and 2, Editor, for the 0 min, point out the corresponding panel in Figure 1 and the red trace in the graph in Figure 2A.  For ‘when STV is applied, point out the ‘0 min + STV’ in Figure 1 and the blue trace in Figure 2A.  

3.2. When the temperature is raised to 37°C, attached virus is taken up into cells.  Internalized virus is not sensitive to blocking with unlabeled STV, resulting in a less dramatic drop in signal intensity in the ’30 min + STV’ samples [3.2.1-LM].


3.2.1. LAB MEDIA Figure 1 and 2, For the first sentence, point out the ’30 min’ panel in Figure 1 and the orange trace in Figure 2A.  For the first part of the second sentence, point out the ’30 min + STV’ panel in Figure 1 and for the last part of the sentence, the green trace in Figure 2A.

3.3. Shown here are the percentages of Cy3-positive cells for all experimental conditions described in this video [3.3.1-LM].  

3.3.1. LAB MEDIA Figure 3

3.4. Mock-infected cells give the background signal intensity for the experiment and act as a negative control for virus attachment.  Another control, NA, strongly abrogates IAV attachment by 90% compared to untreated cells [3.4.1-LM].  

3.4.1. LAB MEDIA Figure 4, Editor, point out the red trace in Figure 4A for the first sentence.  For the second sentence, point out the orange trace for the second sentence.  For both examples, point out the corresponding column in Figure 4B

3.5. SA, which depletes ATP, thus inhibiting endocytosis, inhibited the internalization of virus particles both during and after infection.  As shown here, following SA treatment, cells incubated for 30 minutes at 37°C showed a dramatic drop in internalization compared to untreated cells incubated under the same conditions [3.5.1-LM]. 

3.5.1. LAB MEDIA Figure 5B, Editor, point out the short dark gray column in the SA treated cells for the dramatic drop and the taller gray bar for the untreated cells.
4. Conclusion (said by authors on camera)
4.1. Author name Marie Pohl: After watching this video, you should have a good understanding of how to measure attachment and internalization of influenza A virus in A549 cells. This protocol allows for convenient read out by flow cytometry and can be easily adapted to other experimental settings.

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.  

Insert your media filenames here.

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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