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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.) 
4.1, 4.2, 4.3, 4.5, 4.6, 5.3/5.4
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.) 
The most critical point for the outcome of the experiment is creating the two-layered glycerol gradient, such that both phases don’t mix (steps 4.1 and 4.2). Therefore, layers have to be carefully overlaid by using a syringe and needle.
E.  Will the filming need to take place in multiple locations? (Y/N) Yes If yes, how far apart are the locations? In the same building but 2 floors 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 velocity gradient centrifugation is to analyze influenza A virus capsids under conditions mimicking the endocytic milieu that incoming viruses encounter during cell entry. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Ari Helenius: This method can help answer key questions about how influenza A virus capsids disassemble during cell entry, such as the specific effect of mildly acidic pH on capsid stability.
1.2. Sarah Stauffer: The main advantage of this technique is that it enables quantitative analysis of the influenza A virus uncoating process under defined experimental conditions.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Sarah Stauffer/Ari Helenius: Besides providing insights into how influenza A virus uncoating is initiated, this method can also be applied to the entry process of other enveloped viruses with related uncoating mechanisms.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Ari Helenius: Demonstrating the procedure will be Firat Nebioglu, a former student 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. Preparation of Glycerol Gradients
2.1. After preparing stock buffers and reagents according to the text protocol [2.1.1-WIDE], for each pH condition to test, prepare detergent buffer master mix by mixing 9 ml of 1M NaCl [2.1.2-MED/CU], 6 ml of 10% NP-40 [2.1.3-CU], 2.4 ml of the 25X protease inhibitor stock [2.1.4-CU], and 9 ml of ddH20 [2.1.5-MED/CU].
2.1.1. Talent at bench places a bottle of buffer next to rest of bottles to be used here
2.1.2. Talent pipettes up NaCl and adds to 
2.1.3. Talent adds Np-40
2.1.4. Talent adds protease inhibitor
2.1.5. Talent adds water

2.2. Then for each pH condition, pipet 4.4 ml of the master mix into a 50 ml conical tube [2.2.1-MED/CU].
2.2.1. Film as written

2.3. For pH values above 5.8, add 0.6 ml of the respective pH-adjusted 500 mM Tris stock solution to the tube [2.3.1-CU]. For pH 5.8 and lower, add 0.6 ml of the respective pH-adjusted 500 mM MES stock solution [2.3.2-CU].
2.3.1. Film as written
2.3.2. [combined with 2.3.1] Film as written 

2.4. Make 5 ml of buffer solution containing 300 mM NaCl, 2X protease inhibitor, 60 mM Tris adjusted to pH 7.4 and ddH2O. This will serve as the detergent-free control gradient buffer [2.4.1-MED/CU-TXT]. 
2.4.1. Talent preparing control buffer with reagents lined up and visible (TEXT: adjust pH if necessary).

2.5. Next, add 5 ml of the 50% glycerol stock to 5 ml of the detergent-containing and detergent-free buffer mixtures resulting in six different 25% glycerol solutions [2.5.1-CU].  Use pH strips to verify the pH values [2.5.2-CU+2.5.3-CU].
2.5.1. Talent adds glycerol stock to the buffer mixtures with all the tubes lined up and visible
2.5.2. Talent dips a test strip into a solution and pulls out 
2.5.3. [split shot] and compares test strip to pH key.

2.6. Prepare a 15% glycerol solution by mixing a 3:7 ratio of 50% glycerol stock with dH2O [2.6.1-CU].
2.6.1. Film as written

3. Ultracentrifugation of IAV
3.1. Using a 5 ml syringe and a needle [3.1.1-CU], add 3 ml of 15% glycerol solution to six ultra-clear centrifugation tubes [3.1.2-CU].  Wash the needle in ddH2O after every step [3.1.3-CU].
3.1.1. Talent takes up glycerol solution into syringe using needle
3.1.2. Film as written
3.1.3. Film as written Talent washes needle by taking up H2O and releasing it again 1-2 times.
3.2. Use a 5 ml syringe and a long needle to carefully inject 3.4 ml of 25% glycerol solution under the 15% glycerol layer, taking care to not mix the two layers [3.2.1-CU/ECU]. An interphase between both layers is clearly visible [3.2.2-CU/ECU]. Repeat this for all six conditions to test with the respective pH-adjusted glycerol solutions [3.2.3-CU].
3.2.1. Talent injects 25% glycerol under 15% layer; have 25% glycerol bottle visible in background
3.2.2. [added] Talent shows interphase between layers.
3.2.3. Talent finishes adding 25% glycerol to last tube
3.3. Next, in a class II biosafety cabinet [3.3.1-MED], use 1ml of clarified, diluted allantoic fluid containing influenza A virus to gently overlay the glycerol gradients [3.3.2-CU/ECU-TXT].
3.3.1. Talent at hood taking up fluid with pre-diluted virus
3.3.2. Talent overlays IAV solution onto gradients (TEXT: IAV diluted in 1 ml MNT)
3.4. Transfer tubes into rotor buckets [3.4.1- CU], balance opposing tubes and carefully place them into a pre-cooled SW41 ultracentrifugation rotor [3.4.2-MED/CU]. Centrifuge at 21,000 rpm, and 12 °C for 150 minutes [3.4.3-CU].
3.4.1. Talent places tubes in buckets
3.4.2. Talent places tubes buckets on rotor (formerly 3.4.1)
3.4.3. Talent sets speed and time with temp already set and then starts spin (formerly 3.4.2)
3.5. After the centrifugation, use a clean Pasteur pipette and an aspirator to carefully remove both glycerol layers [3.5.1-ECU].  
3.5.1. Film as written
3.6. Then with 40 ul of 1X non-reducing LDS sample buffer, completely resuspend the pellet by pipetting up and down [3.6.1-CU] before transferring the sample into a 1.5 ml microcentrifuge tube [3.6.2-CU].
3.6.1. Talent adds LDS buffer and pipettes up and down
3.6.2. Film as written
4. SDS-PAGE of Pellet Fractions and Coomassie Staining
4.1. To carry out SDS-PAGE, heat all the samples at 95 degrees C for 10 minutes [4.1.1-CU-TXT].  Load 20 ul of the dissolved pellets onto a pre-cast gradient Bis-Tris mini gel [4.1.2-CU-TXT] and run at 200 V for 1 hour in 1X MOPS SDS running buffer [4.1.3-MED/CU].
4.1.1. Talent places samples into heating block with temp on thermometer or setting visible (TEXT: can be stored at -20°C) 
4.1.2.  Talent loads pellets onto gel (TEXT: 4-12%)
4.1.3. Talent sets power supply to 150 200 V and 1 hours and turns on, Have MOPS buffer in background if possible 

4.2. In the meantime, prepare a fixation solution with 40% methanol and 10% glacial acetic acid in ddH2O [4.2.1-CU].  
4.2.1. Talent adds methanol to container with glacial acetic acid visible
4.3. Incubate the gel in fixation solution for 1 hour [4.3.1-MED], rinse 1-2x with H2O [4.3.2-MED] and stain overnight in a 15 cm cell culture dish with a sufficient volume of colloidal Coomassie solution while gently shaking at room temperature [4.3.3-MED/CU].
4.3.1. Talent adds fixation solution to gel and places on rocker (TEXT: 40% methanol / 10 glacial acetic acid)
4.3.2. [bookmark: _GoBack]Rinse gel with ddH2O
4.3.3. Talent adds colloidal Coomassie solution and places gel onto rocker
4.3.4. [combined with 4.3.3] Talent places gel onto rocker
4.4. Destain the gel in ddH2O, replacing the liquid every 15-20 minutes until the gel background becomes clear [4.4.1-CU].  Store the gel in ddH2O at 4 degrees C until it is scanned for band quantification [4.4.2-WIDE].  
4.4.1. Talent picks up container with gel from rocker and shows clear gel
4.4.2. Talent places gel in fridge
4.5. Finally, scan the gel at high resolution [4.5.1-LM] and use commercially available custom-made software for quantification of protein band intensities [4.5.2-LM].  Subtract the background signal from a region close to the respective bands [4.5.3-LM] and normalize the values to the detergent-free control values [4.5.4-LM].
4.5.1. LAB MEDIA stauffer_quantityone_screenshots.pdf, page 1 (Editor, you can alternatively use QuantOne.mov if desired for all 4 shots.)
4.5.2. LAB MEDIA stauffer_quantityone_screenshots.pdf, page 2
4.5.3. LAB MEDIA stauffer_quantityone_screenshots.pdf, page 3
4.5.4. LAB MEDIA stauffer_quantityone_screenshots.pdf, page 4

5. Results: IAV in vitro Core Disassembly Assay
5.1. In this experiment, X31 derived from clarified allantoic fluid was subjected to velocity gradient centrifugation at pH levels between 7.4 and 5.0 and analyzed by SDS-PAGE [5.1.1-LM].
5.1.1. LAB MEDIA Figure 2A, B, Editor, point out the pH values at the top of the rectangle when mentioned.
5.2. Without detergent present in the gradient, intact virions are pelleted, as reflected by the characteristic pattern of bands representing HA, NP and M1 in the Coomassie stained gel [5.2.1-LM].
5.2.1. LAB MEDIA: 151110_Stauffer_Figure2A.eps, Editor, for ‘Without detergent present’ point out the column with the (-) sign and then for ‘intact virions are pelleted’ point out the large black band just under 75 kDa in the lane without detergent (far left lane) for HA.

5.3. Upon addition of NP-40 to the bottom glycerol layer, the viral envelope including HA, NA, and M2 were solubilized and the viral core alone sedimented into the pellet during ultracentrifugation [5.3.1-LM].
5.3.1. LAB MEDIA: 151110_Stauffer_Figure2A.eps. Editor, point out the second lane here (7.4, (+)) and for ‘the viral envelope, including HA’ point out the much lighter band here compared to the lane on the left.

5.4. Starting at a pH below 6.5, M1 is gradually lost from the pellet fraction, reaching a minimum between pH 5.8 and pH 5.4. Below pH 5.8 vRNPs were dissociated and thus lost from the pellet [5.4.1-LM].
5.4.1. LAB MEDIA: 151110_Stauffer_Figure2A.eps and 151110_Stauffer_Figure2B.eps

5.5. From the protein bands analyzed, two distinct pH thresholds for disassembly of the M1 layer and dissociation of vRNP bundles were revealed, including pH 6.5, and pH 5.8, respectively [5.5.1-LM].
5.5.1. LAB MEDIA: 151110_Stauffer_Figure2B.eps, Editor, point out the spot on the red line (M1) at pH 6.5 when mentioned and the spot on the blue line (vRNP or NP) around pH 5.8 when mentioned.


6. Conclusion (said by authors on camera)

6.1. Sarah Stauffer: While attempting this procedure, it’s important to remember that depending on the particular influenza A virus strain or mutant, different disassembly properties may be observed.
6.2. Ari Helenius: Following this procedure, other methods like electron microscopy can be performed in order to gain additional insights like the structure of isolated influenza A virus capsids.
   

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.  

151110_Stauffer_Figure2A.eps
151110_Stauffer_Figure2B.eps
Movie file with screen capture for step 5.5 of the protocol will be provided

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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