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Authors, please check the answers to the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__No_______  (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)__No______ 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 4.2, 4.3, 5.2, 5.4, 6.3, 6.6
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 using the step numbers listed in this document. (Please do not list entire sections.) _5.2, 5.4__________________________
E.  Will the filming need to take place in multiple locations? (Y/N) _Yes______ If yes, how far apart are the locations? _Tissue culture room (BSL2) and laboratory are on the same floor around 100 feet apart.


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 procedure is to allow a detailed analysis of the phosphorylation-dependent activation of the IRF3 transcription factor. (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Nathalie Grandvaux: This method can help answer key questions regarding the interferon beta-mediated innate immune defense, such as how a pathogen activates or evades the IRF3-dependent interferon beta expression.
1.2. Nathalie Grandvaux: The main advantage of this technique is that it constitutes an affordable and sensitive approach to distinguish the different IRF3 activated forms that may arise following different stimulations.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Audray Fortin: Though this method provides insight into virus infection of human cells, it can also be applied to mouse or human tissues subjected to other pathogens or pathogen associated molecular patterns.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Nathalie Grandvaux: Demonstrating the procedure will be Alexa Robitaille and Melissa Mariani, two cell signaling experts from my laboratory. 
1.4.1. Interview style: Author saying the above 
1.4.2. 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. Infection of A549 cells

2.1. The A549 cells used in this procedure are maintained in culture in a 15-cm plate at 37°C and 5% CO2 in complete F12K/Ham medium. [2.1.1 – MED] 

2.1.1. Talent retrieving a plate of A549 cells from the incubator.

2.2. Twenty four hours before infection, trypsinize the cells as described in the protocol text and transfer the cells to a 15-mL conical tube. [2.2.1 – MED]

2.2.1. Talent transferring trypsinized cells to conical tube.

2.3. Centrifuge at 350 x g for 3 minutes at room temperature. [2.3.1 – MED-TXT] Remove the supernatant and resuspend the cell pellet in 8 mL of complete F12K/Ham medium to obtain a homogeneous single cell suspension. [2.3.2 – MED]

2.3.1. Talent putting the 15-ml conical tube into the centrifuge and starting the spin.  TEXT: 350 x g; 3 min
2.3.2. *film as written.

2.4. After counting the cells using a hemocytometer, seed the cells at a density of 1 x 106 cells per 60-mm plate in 4 mL of pre-heated complete F12K/Ham medium. [2.4.1 – MED-TXT] Incubate for 20-24 hours at 37°C, 5% CO2. [2.4.2 – MED-multiple shots]

2.4.1. Talent seeding one of the 60-mm plates.  TEXT: 1 x 106 cells/plate
2.4.2. Multiple takes from different angles of talent putting the 4 plates into the incubator.  

2.5. After 20-24 hours, the cells should form a 90% confluent monolayer. [2.5.1 – LM] Remove the medium and wash the cells with 2 mL of serum free F12K/Ham medium or SFM. [2.5.2 – MED] Add 2 mL of fresh SFM per 60-mm plate. [2.5.3 – CU]

2.5.1. 53723_photo of cells.tif
2.5.2. Talent removing medium from one plate and then adding 2 ml SFM.
2.5.3. SFM being removed from the plate and 2 ml of fresh SFM added.

2.6. Dilute a thawed aliquot of Sendai virus in pre-heated SFM to obtain 60 hemagglutination units or HAU per 100 µL. [2.6.1 – MED-TXT] Mix by pipetting up and down gently [2.6.2 – CU] and then add 100 µL of diluted virus drop by drop to each plate to perform the infection at 40 HAU per 106 cells. [2.6.3 – CU-TXT] Do not add virus in the non-infected control plate. [2.6.4 – MED]

2.6.1. Talent diluting virus.  TEXT: 60 HAU/100 µl
2.6.2. *film as written.
2.6.3. Diluted virus being added drop by drop to one plate.  TEXT: 40 HAU/106 cells
2.6.4. Talent setting aside the control plate without adding virus.

2.7. Incubate the cells in the incubator at 37°C, 5% CO2. [2.7.1 – reuse shot] During the first hour of infection, agitate the plates by hand 3 or 4 times. [2.7.2 – MED]

2.7.1. Use shot from 2.4.2.
2.7.2. Talent agitating the plates.

2.8. At 2 hours post-infection, add 2 mL of F12K/Ham medium containing 20% HI-FBS to obtain a final concentration of 10% HI-FBS. [2.8.1 – MED]

2.8.1. Talent adding medium to a plate.

2.9. Incubate the cells in the incubator for 1, 4 and 7 more hours to reach total infection times of 3, 6, and 9 hours, respectively. Cells will be harvested at each of these time points for preparation of whole cell extracts, as demonstrated in the next video segment. [2.9.1 – reuse shot]

2.9.1. Use shot from 2.4.2.

3. Preparation of Whole Cell Extracts

3.1. Begin this procedure by removing the infection medium. [3.1.1 – MED] Harvest the cells by scraping in 1 mL of ice-cold D-PBS. [3.1.2 – CU] Transfer the cell suspension to a pre-chilled 1.5-mL centrifuge tube. [3.1.3 – MED]

3.1.1. Talent removing the medium from a plate and adding D-PBS in the plate.
3.1.2. *film as written.
3.1.3. *film as written.

3.2. Pellet the cells by centrifugation at 16,000 x g at 4°C for 20 seconds [3.2.1 – MED-multiple shots-TXT] and carefully decant all traces of D-PBS. [3.2.2 – CU] Resuspend the cell pellet in 70 μL of lysis buffer. [3.2.3 – CU]

3.2.1. Multiple takes from different angles of Talent putting the centrifuge tube into the centrifuge.  TEXT: 16,000 x g; 4°C; 20 s
3.2.2. D-PBS being removed from one tube.
3.2.3. *film as written.

3.3. Incubate on ice for 20 minutes. [3.3.1 – MED] Flash-freeze the lysate by incubation in a liquid nitrogen bath for 15 seconds. [3.3.2 – MED/CU-multiple shots] Then thaw the lysate at room temperature until it is completely melted. [3.3.3 – CU] Vortex for 10 seconds. [3.3.4 – CU] Repeat this freeze-thaw-vortex cycle 3 times. [3.3.5 – reuse shot-TXT]

3.3.1. Talent putting the 4 tubes on ice 
3.3.2. Multiple takes from different angles of the tubes being put into liquid nitrogen.
3.3.3. Tubes being thawed at room temperature by hand.
3.3.4. *film as written.
3.3.5. Use shot from 3.3.2. TEXT: freeze-thaw-vortex 3X

3.4. Centrifuge at 16,000 x g at 4°C for 20 minutes. [3.4.1 – reuse shot-TXT] Transfer the supernatant, which is the whole cell extract, to a new pre-chilled 1.5-mL centrifuge tube.  [3.4.2 – CU] It is important to keep the whole cell extracts on ice at all times. [3.4.3 – MED]

3.4.1. Use shot from 3.2.1 Talent putting the 4 tubes into the centrifuge. TEXT: 16,000 x g; 4°C; 20 min
3.4.2. *film as written.
3.4.3. Talent putting all tubes on ice.

4. Resolution of Whole Cell Extracts by high resolution SDS-PAGE 

4.1. To resolve the whole cell extracts by high resolution SDS-PAGE, prepare three denaturing electrophoresis gels: two 16-cm gels for the detection of IRF3 forms and one 8.5-cm gel for the detection of Sendai virus proteins. [4.1.1 – MED-TXT] 

4.1.1. Get footage of the three gels already mounted in the migration apparatus and then the talent filling the upper and lower chambers of the migration apparatus with buffer. TEXT: Refer to protocol text for preparation of gels

4.2. Load 14 μL of molecular weight standard in one well of each 16-cm gel. [4.2.1 – CU-MED] Next load 30 μg of denatured whole cell extract per well of the two 16-cm gels. [4.2.2 – CU]

4.2.1. Multiple takes of talent loading standard in one well of one of the 16-cm gels.
4.2.2. WCE being loaded in the 16-cm gel.

4.3. Load 7 μL of molecular weight standard in one well of the 8.5-cm gel. [4.3.1 – CU] Load 8-10 µg of denatured whole cell extract per well of the 8.5-cm gel. [4.3.2 – CU]

4.3.1. *film as written.
4.3.2. *film as written.

4.4. Run the gels at 30 mA constant current until the migration front reaches the bottom of the gel. Migration typically lasts approximately 3 hours for a 16-cm gel and 45 minutes for an 8.5-cm gel. [4.4.1 – MED-TXT]

4.4.1. Talent starting the run for all gels.  TEXT: 30 mA

5. Analysis of IRF3 dimerization by native-PAGE

5.1. Begin this analysis by preparing a non-denaturing resolving gel of a minimum of 8.5 cm in length, following the procedure in the protocol text. [5.1.1 – MED] 

5.1.1. Talent filling the upper and lower chambers of the migration apparatus. (Gel has been previously mounted)

5.2. Press the running apparatus into ice approximately to the level of the lower chamber electrophoresis buffer, but make sure the gel is not in the ice. [5.2.1 – MED] Pre-run the gel at 40 mA constant current for 30 minutes on ice. [5.2.2 – MED-TXT]

5.2.1. *film as written.
5.2.2. Talent starting the run.  TEXT: 40 mA; 30 min

5.3. During the pre-run, mix the whole cell extracts kept on ice 1:1 with 2X native-PAGE loading buffer. [5.3.1 – MED]

5.3.1. Talent mixing WCE with loading buffer.
 
5.4. Immediately at the end of the pre-run, load 8-10 μg of whole cell extract on the gel. [5.4.1 – MED ECU]

5.4.1. Talent loading WCE on gel.

5.5. Run the gel at 25 mA constant current on ice, as demonstrated for the pre-run, until the migration front reaches the bottom of the gel.  This will take approximately 40 minutes. [5.5.1 – MED-TXT]

5.5.1. Talent starting the run.  TEXT: 25 mA; 40 min

6. Immunoblot analysis of IRF3 species

6.1. At the completion of all gel runs, the proteins are transferred to nitrocellulose membranes and fixed. The transfer procedure is described in the accompanying protocol text. [6.1.1 – MED] 

6.1.1. Talent taking apart a transfer cassette and putting the nitrocellulose membrane into a container with fixative.

6.2. The three SDS-PAGE membranes, but not the native-PAGE membrane, are then stained with red ponceau solution to identify the molecular weight markers. [6.2.1 – MED]

6.2.1. Talent writing/labeling the markers on membranes that have already been stained.

6.3. [bookmark: _GoBack]After incubating all four membranes from SDS-PAGE and native-PAGE in blocking solution, incubate the membranes with the primary antibodies according to the sequential order shown in this diagram. [6.3.1 – LM] [6.3.2 – MED] 

6.3.1. Fig1-revised-JoVE.pdf. Highlight light blue and pink boxes.
6.3.2. Talent adding primary antibody to one of the membranes.

6.4. Membranes must undergo five 5-minute washes in PBS-T [6.4.1 – MED] before incubation with the appropriate horseradish peroxidase-conjugated secondary antibodies. [6.4.2 – LM]

6.4.1. General shot of talent washing membranes. (i.e., adding PBS-T to container with membrane)
6.4.2. Fig1-revised-JoVE.pdf. Highlight the white boxes.

6.5. After removing traces of Tween with PBS, incubate the membranes for 1 minute in a volume of enhanced chemiluminescence reagent sufficient to fully cover the membranes. [6.5.1 – MED]

6.5.1. Talent adding enhanced chemiluminescence reagent to the membranes.

6.6. Use filter paper to dry the membranes [6.6.1 – CU] and then place them in a luminescent image analyzer to visualize the immuno-reactive bands. [6.6.2 – MED]

6.6.1. *film as written.
6.6.2. *film as written.

6.7. Before incubation with the next primary antibodies, [6.7.1 – LM] wash the membranes 3 times in PBS, for 5 minutes each time. [6.7.2 – MED]

6.7.1. Fig1-revised-JoVE.pdf. Highlight the blue boxes with anti-IRF3-P-396 and anti-IRF3-P-398.
6.7.2. General shot of talent washing membranes with PBS.

6.8. When stripping is required between antibodies, [6.8.1 – LM] incubate the membranes in pre-warmed stripping solution [6.8.2 – MED] at 50°C for 20 minutes under regular agitation.  Details of the immunoblot analysis can be found in the accompanying protocol text. [6.8.3 – MED]

6.8.1. Fig1-revised-JoVE.pdf. Highlight stripping ovals.
6.8.2. Talent adding stripping solution to membranes.
6.8.3. Talent putting the membranes into water bath.

7. Results: detection of distinct phosphorylated IRF3 species 

7.1. Shown here is a typical immunoblot image of IRF3 detected with IRF3 total antibodies [7.1.1 – LM] and IRF3-phosphospecific antibodies against Serine 396 [7.1.2 – LM] and Serine 398 after high resolution of whole cell extracts. [7.1.3 – LM]

7.1.1. Fig2-revised-JoVE.pdf. Highlight third row blot.
7.1.2. Fig2-revised-JoVE.pdf. Highlight first row blot.
7.1.3. Fig2-revised-JoVE.pdf. Highlight second row blot.

7.2. In unstimulated cells, IRF3 is detected as two bands corresponding to the non-phosphorylated and the hypo-phosphorylated species of IRF3. [7.2.1 – LM]

7.2.1. Fig2-revised-JoVE.pdf. Circle the two bands in the third row of the first (-) lane.

7.3. Exposure of cells to Sendai virus results in a time-dependent shift to slowly migrating hyper-phosphorylated forms III and IV, [7.3.1 – LM] which are also specifically immuno-detected using the phosphospecific antibodies against Serine 396 [7.3.2 – LM] and Serine 398. [7.3.3 – LM] 

7.3.1. Fig2-revised-JoVE.pdf. Circle all bands in lanes 6 and 9 of the third row.
7.3.2. Fig2-revised-JoVE.pdf. Circle bands in top row of lanes 6 and 9.
7.3.3. Fig2-revised-JoVE.pdf. Circle bands in second row of lanes 6 and 9.

7.4. This next figure shows a profile of IRF3 detection obtained from whole cell extracts resolved by native-PAGE followed by immunoblot using anti-IRF3-NES antibodies and phosphospecific antibodies against Serine 386. [7.4.1 – LM]

7.4.1. Fig3-revised-JoVE.pdf.

7.5. In unstimulated cells, IRF3 is detected as a single band corresponding to the monomeric form. [7.5.1 – LM] Upon infection with Sendai virus, the levels of IRF3 monomer decrease [7.5.2 – LM] with a concomitant accumulation of a slowly migrating band that corresponds to the dimeric form of IRF3 [7.5.3 – LM], which is also specifically immuno-detected using phosphospecific antibodies against Serine 386. [7.5.4 – LM]

7.5.1. Fig3-revised-JoVE.pdf. Circle the monomer band in the first (-) lane.
7.5.2. Fig3-revised-JoVE.pdf. Circle the monomer bands in all the lanes of the bottom blot.
7.5.3. Fig3-revised-JoVE.pdf. Circle the dimer bands in lanes 6 and 9 of the bottom blot.
7.5.4. Fig3-revised-JoVE.pdf. Circle the dimer bands in lanes 6 and 9 of the top blot.

8. Conclusion (said by authors on camera)
8.1. Audray Fortin: While attempting this procedure, it’s important to remember that the composition and length of the different gels is critical to achieve an appropriate resolution of the IRF3 phosphoforms.
8.2. Audray Fortin: Following this procedure, other methods like DNA-binding or gene reporter assays can be performed in order to further assess IRF3 activity.
8.3. Audray Fortin: After watching this video, you should have a good understanding of how to distinguish the different active forms of IRF3.
8.4. Audray Fortin: Don't forget that working with pathogens may be hazardous and manipulations should be performed in accordance to the biosafety guidelines of your host institution.   
   

Provided Media
2.5. 53723_photo of cells.tif
6.3, 6.4, 6.7, 6.8. Fig1-revised-JoVE.pdf.
7.1 – 7.3. Fig2-revised-JoVE.pdf.
7.4-7.5. Fig3-revised-JoVE.pdf.

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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