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Authors, please fill out the brief questionnaire below.   

A. Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N (we have microscopy pictures but we already took them, see Figure 4) If yes, please list make and model of your microscope: NA
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (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
	Steps described under '3. Protein Expression and Purification' are most important
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
	Setting up the cultures and keeping them sterile (step 3.2 - 3.4).

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to generate correctly folded purified influenza Hemagglutinin and Neuraminidase surface glycoprotein for immunological assays and vaccination experiments. (Intro)

This is accomplished by first cloning the recombinant bacmid carrying influenza genes, followed by generation of recombinant baculoviruses. (P1)
Editors, as the first part of this point is narrated, please show the baculotransfer plasmid and the recombinant bacmid of P1.  Then, as the 2nd part of the sentence is narrated, please show the recombinant baculovirus carrying HA or NA genes of P1.

The second step is to use these recombinant baculoviruses to express Hemagglutinin and Neuraminidase proteins in insect cells. (P2)
Editors, as this point is narrated, please show the arrow going to the flask and the flask of P2.  Also have the arrows labeled protein expression appear.

Next, the recombinant proteins are purified from the cell culture supernatant using affinity chromatography. (P3)
Editors, as this point is narrated, please show the image/text of P3.

The final step is to characterize these proteins to ensure good quality and biological functionality. (P4)
Editors, as this point is narrated, please show the image/text of P4.

Ultimately, the recombinant proteins are used to investigate immune responses to the influenza virus surface glycoproteins. (P5)
Editors, as this point is narrated, please show the image/text of P5.

Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   

Graphical overview Krammer.ppt

B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Irina Margine: The main advantage of this technique over existing methods, like bacterial expression of HA1 or the use of whole virus for immunological assays, is that the purified antigens are correctly folded and biologically active and that they allow for measuring immune responses to hemagglutinin or neuraminidase only.   
1.1.1. MED:  Irina speaks toward camera, interview style.


Protocol (read by voice talent at JoVE):
2. Rescue of recombinant baculovirus and verification of protein expression
2.1. Begin this protocol with generation of recombinant baculovirus as described in the text protocol. 
2.1.1. Title Card.
2.2. Working aseptically in a laminar flow hood, plate Sf9 insect cells in 6-well plates at a density of 200,000 cells per square cm and let sit for 20 min in a 28 °C incubator without CO2.
2.2.1. MED:  Talent works aseptically in a laminar flow hood to plate Sf9 insect cells in 6-well plates.
2.2.2. MED-over the shoulder/MED:  Multiple takes as talent leaves the 6-well plate in the 28 °C incubator.  Shot will be reused once.
2.3. Then, mix 2 µg of recombinant bacmid with 100 ul of Trichoplusia Ni Medium Formulation Hink, or TNM-FH.  Then, mix 6 ul of the transfection agent with 100 ul of TNM-FH insect medium.  
2.3.1. MED:  Talent mixes 2 µg of recombinant bacmid with 100 ul of TNM-FH insect medium.  Use labeled containers.
2.3.2. CU:  Sample tube as talent mixes 6 ul of transfection agent with 100 ul of TNM-FH insect medium.  Use labeled containers.
2.4. Combine the two volumes, mix gently, and let the transfection mixture sit for 20 minutes at room temperature.  Include one mock-transfection as a control, which contains the transfection reagent but no DNA.
2.4.1. MED-over the shoulder:  Talent combines the two volumes, mixes gently and places down to leave at room temperature.
2.4.2. MED:  Talent prepares a mock-transfection as a control.  Use labeled tubes.
2.5. Remove the supernatant from the plated Sf9 cells and replace with 2 ml of serum free TNM-FH medium containing 1% penicillin-streptomycin solution.  
2.5.1. CU:  6-well plate as talent removes the supernatant from the plated Sf9 cells.
2.5.2. MED-over the shoulder:  Talent pipets 2 ml of medium onto cells from a labeled container.
2.6. Add the complete volume of the transfection mixture to the cells and rock the 6-well plate carefully for 5 seconds.  Incubate in a 28 ºC incubator without CO2 for 6 hours.
2.6.1. CU:  Plate as talent pipettes the complete volume of the transfection mixture to the plate and rocks the 6-well plate.
2.6.2. Shot 2.2.2 – talent puts plate in incubator.
2.7. Replace the media with fresh full TNM-FH media before incubating the plate under the same conditions for 6 days.  
2.7.1. CU or MED-over the shoulder:  Plate as talent replaces the media.  Use labeled containers.
2.8. Check the cells occasionally under a microscope.  Infected cells usually appear bigger, rounder, have enlarged nuclei, and start to detach.
2.8.1. Figure 4B
2.9. Harvest cells 6 days post transfection by centrifugation at 2000 g for 5 minutes at room temperature.  The supernatant contains the recombinant baculovirus and will be used to generate working stocks right away or can be stored at 4 ºC for years.
2.9.1. MED:  Talent places the cells into the centrifuge, shuts lid and starts run.
2.9.2. CU:  Sample as talent removes the supernatant. 
2.10. Check protein expression via SDS-PAGE and prepare the working stocks as described in the text protocol.
2.10.1. MED-over the shoulder:  Talent loads the gel well with the sample to check protein expression.
3. Protein expression 
3.1. Irena Margine:  Sf9 cells support the growth of baculovirus very well.  However, their capacity to secrete large amounts of recombinant protein is limited. Therefore we use another insect cell line, High Five cells, for expression of secreted recombinant proteins. These cells do not support baculovirus replication to very high titers, but have high secretory capacity.
3.1.1. MED:  Irina looks up from workspace and speaks toward camera.
3.2. Grow High Five cells in SFX (pronounced “S-F-X”) insect cell culture medium in T-one-hundred seventy five-square centimeter flasks.  Passage every other day, splitting them at a 1 to 3 ratio.  Grow 5 confluent flasks for a 200 ml expression culture.
3.2.1. MED-over the shoulder:  Talent removes grown high five cells in T175cm2 flasks from an incubator.
3.2.2. MED:  Talent splits the cells in the hood.
3.2.3. CU:  5 flasks as they are placed back into the incubator.
3.3. To harvest and infect the High Five cells, first detach High Five cells from 5 T-one-hundred seventy five-square centimeter flasks by tapping the flasks.  Collect the cell suspension and transfer into 50 ml centrifugation tubes. 
3.3.1. MED-over the shoulder:  Talent taps the T175cm2 to detach the high five cells.
3.3.2. CU:  Flasks and 50 ml centrifuge tubes as talent collects the cell suspension and transfers it into 50 ml centrifuge tubes.
3.4. Spin the tubes at 1200 g for 7 minutes at room temperature.  Remove the supernatant by decanting and unite the pellets by resuspending them in 15 ml of P3 stock.  Let the cells sit for 15 minutes in the flow hood.
3.4.1. MED:  Talent places the tubes into the centrifuge, shuts lid and turns on.
3.4.2. CU:  Centrifuge tube as the supernatant is decanted and the pellet is resuspended in 15 ml of P3 stock.  TEXT overlay:  see text for P3 stock
3.4.3. MED-over the shoulder:  Talent unites the pellets and leaves to sit in flow hood.
3.5. Transfer 200 ml of Hyclone SFX culture medium into a clean, sterile 1000 ml shaker flask.  Then, transfer the P3/cell suspension into the shaker flask.  Seal with sterile aluminium foil before shaking at 70 rpm and 28 ºC for 72 to 96 hours.
3.5.1. MED:  Talent transfers 200 ml of Hyclone SFX culture medium into a clean, sterile 1000 ml shaker flask.  
3.5.2. CU:  Shaker flask as talent transfers the P3/cell suspension there.
3.5.3. MED-over the shoulder:  Talent places the aluminum foil covered flask into a shaker.
3.5.4. CU:  Flask shaking at 70 rpm.
4. Protein purification
4.1. To harvest recombinant protein from High Five cell expression supernatants, at 72 to 96 hours post infection, transfer culture supernatants into 500 ml centrifugation buckets.  Spin at 5500 g for 20 minutes at 4 ºC.  In the meantime rinse the shaker flasks 3 times with double distilled water. 
4.1.1. MED:  Talent transfers the culture supernatants into 500 ml centrifugation buckets.  
4.1.2. MED-over the shoulder:  Talent places the centrifugation buckets into the centrifuge.
4.1.3. CU:  Shaker flasks as talent rinses with double distilled water.
4.2. Next, pipette 3 ml of nickel resin slurry into a 50 ml tube with 45 ml of PBS per 200 ml of culture.  Shake well before spinning for 10 minutes at 3000 g and room temperature.  
4.2.1. MED:  Talent pipettes 3 ml of nickel resin slurry into a 50 ml tube with 45 ml of PBS per 200 ml culture.
4.2.2. CU:  50 ml tube as it is inserted into the centrifuge.
4.3. Following centrifugation, decant the PBS and keep the pellet.  Mix the insect cell supernatant with the nickel resin pellet and transfer into the already rinsed shaker flasks.  Incubate at 4 ºC for 2 to 4 hours, while shaking.
4.3.1. MED:  Talent decants the PBS.
4.3.2. CU:  Talent mixes the insect cell supernatant with the nickel resin pellet and transfers into the already rinsed shaker flasks.  
4.3.3. MED:  Talent leaves flasks to incubate shaking at 4 ºC.
4.4. Next, mount a 10 ml polypropylene column on a clamp to a support stand.  Remove both caps and place a beaker below the column to collect the flow through.  
4.4.1. CU:  10 ml polypropylene column as talent mounts on a clamp to a support stand.
4.4.2. MED-over the shoulder:  Talent removes both caps and places a beaker below the column to collect the flow through.
4.5. Following incubation of the shaker flask, start to transfer the supernatant/slurry mixture onto the column; it will retain the nickel resin and only the supernatant will flow through.  Pass the entire volume over the column.
4.5.1. MED:  Talent begins to pour the supernatant/slurry mixture onto the column.  Continue action in next shot.
4.5.2. CU:  Column as the mixture is poured over the column and the supernatant is collected.
4.6. Wash the resin 4 times with 15 ml of washing buffer.  Let the washing buffer drain from the column and close the lower side with the cap. 
4.6.1. MED-over the shoulder:  Talent pipettes 15 ml of washing buffer over the resin from a labeled container.  TEXT overlay:  see text for recipe
4.6.2. CU or ECU:  Bottom of the column as the washing buffer drains and then talent closes the lower side with the cap.
4.7. Add 2 ml of elution buffer and let sit for 5 minutes.  Open the column and collect the eluate, keeping it on wet ice whenever possible.  Repeat this 3 more times.  An eluate that contains high concentrations of protein typically shows foam when shaken.  
4.7.1. MED/MED-over the shoulder:  Talent pipettes 2 ml of elution buffer over the beads. Shot will be reused once.  TEXT overlay:  see text for recipe
4.7.2. CU or ECU:  Bottom of the tube as talent opens the column and collects the eluate on ice.
4.7.3. Shot 4.7.1 – Talent pipettes elution buffer over beads.  TEXT overlay:  repeat 3x
4.7.4. CU:  Tube as talent removes from ice and shakes to show that the protein shows foam when shaken.
4.8. To exchange the buffer and concentrate the protein, first pre-spin 15 ml ultrafiltration centrifugation units with PBS at 3000 g and 4 ºC for 20 minutes.  Discard the flow through and load the eluate onto the spin column.  
4.8.1. MED/WIDE:  Multiple takes as talent places 15 ml ultrafiltration centrifugation units into the centrifuge.  Shot will be reused once.
4.8.2. CU:  Spin column as talent discards the flow through and loads the eluate onto the spin column.
4.9. Fill the column up with 5 ml of sterile, ice cold PBS before spinning under the same conditions for 60 minutes. 
4.9.1. MED-over the shoulder:  Talent pipettes 5 ml of sterile, ice cold PBS to the column.
4.10. Discharge the flow through again, refill with 15 ml of ice cold PBS and spin for an additional 60 minutes.  Repeat this procedure one more time. 
4.10.1. MED:  Talent discards the flow through and refills with 15 ml of ice cold PBS.
4.10.2. Shot 4.8.1 – talent places the spin column into the centrifuge.  TEXT Overlay (as narrated):  repeat 1x
4.11. Then, collect the buffer exchanged concentrate, which represents the highly concentrated recombinant protein.  Keep the concentrate on ice at all times.  Rinse the spin column with 400 µl of sterile ice cold PBS and add this to the concentrate.  The protein can then be characterized as described in the text protocol.
4.11.1. CU:  Spin column as talent pipettes the buffer exchanged concentrate up and transfers to a labeled tube on ice.
4.11.2. MED-over the shoulder:  Talent pipettes 400 µl of sterile ice cold PBS from the rinsed column to the labeled protein tube on ice.
5. Results: Quality control of the harvested proteins
5.1. SDS-PAGE and Coomassie staining reveal that Hemagglutinin, or HA, molecules from influenza A collected in Shanghai and influenza A collected in Anhui, expressed well with yields of about 20 mg per liter culture. 
5.1.1. LAB MEDIA:  Figure 8A
5.2. Neuraminidase, or NA, molecules of both strains showed moderate expression levels ranging from 0.2 mg per liter culture for influenza A collected in Shanghai to 0.7 mg per liter for influenza A collected in Anhui. 
5.2.1. LAB MEDIA:  Figure 8B
5.3. All four protein preparations had very little to no impurities with HAs being of higher purity than NAs, which can be explained by the expression level. 
5.3.1. LAB MEDIA:  Figure 8A+B
5.4. Influenza A collected in Shanghai HA was further analyzed using ELISA with the broadly neutralizing stalk-reactive human monoclonal antibody C-R-9-1-1-4, as shown here in blue.  This monoclonal antibody binds to a sensitive conformational epitope in the stalk domain and is used here as a probe for correct folding of this domain. 
5.4.1. LAB MEDIA:  mAb_A/Shanghai/1/13 HA 
5.5. The antibody shows good binding as evidenced by increased absorbance at 490 nm, which gives confidence that the HA is indeed folded correctly. 
5.5.1. LAB MEDIA:  Figure 8C
5.6. A second ELISA with anti-hemagglutinin of subtype seven mouse polyclonal serum was performed to confirm the identity of the obtained protein as hemagglutinin of subtype seven origin.
5.6.1. LAB MEDIA:  Figure 8D


INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj



6. Conclusion (said by authors on camera)
6.1. Florian Krammer: After watching this video, you should have a good understanding of how to express and purify recombinant influenza virus hemagglutinin and neuraminidase proteins in your laboratory.  This process might also be useful for the expression of other viral or cellular membrane proteins. 
6.1.1. MED:  Florian speaks toward camera, interview style.

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.
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Figure 4B – Authors, please provide as a separate figure without the B label.
Figure 8A – Authors, please provide as a separate figure without the A label.
Figure 8B– Authors, please provide as a separate figure without the B label.
Figure 8A+B – Authors, please provide as a separate figure without the A and B label.
mAb_A/Shanghai/1/13 HA 
Figure 8C – Authors, please provide as a separate figure without the C label.
Figure 8D – Authors, please provide as a separate figure without the D label


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.
 2011, Journal of Visualized Experiments

