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A. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N
C.  Location: Will the filming need to take place in multiple locations? (Y/N) 
2-3 locations in the same building
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
Sometimes the recombinant protein (Avi-tagged) is expressed as inclusion bodies. The user needs to have experience with refolding denatured proteins purified from solubilized inclusion bodies.
1. Introduction 

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this procedure is to express surface proteins on mycobacterium using surface decoration with recombinant proteins as an alternative to traditional genetic based approaches. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Zakaria Hmama: This method can help answer key questions in the field of mycobacteriology, such as host-pathogen interactions and vaccine development.
1.2. Zakaria Hmama: The main advantage of this technique is that it can be used to screen for potential virulence factors or selected antigen candidates relatively rapidly compared to the fastidious and time consuming traditional genetic based approaches.   
1.3. Zakaria Hmama: Demonstrating the procedure will be Amina Talal, a technician, from my laboratory.
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or 


Protocol: (read by voice talent at JoVE)
2. Monomeric Avidin Fusion Protein Expression, Purification, and Refolding
2.1. This portion of the protocol begins with transforming p17-Avidin-OVA plasmid [1.WID] into E. coli BL21.  To do so, induce 250 mL of E. coli BL21 culture [2.MED] with IPTG for 3 hours at 37 C.  [3.MED-TXT]
2.1.1. Establishing shot, talent is gathering materials for IPTG-reaction
2.1.2. Adding bacteria to reaction vessel
2.1.3. Adding IPTG to reaction vessel, TEXT: 0.1 M IPTG, 3 h, 37 ºC
2.2. After three hours, lyse the bacteria to solubilize the inclusion bodies by, first, pelleting the induced BL21 culture [1.MED-TXT] and discarding the supernatant.  [2.CU]
2.2.1a) [Added Shot]: Loading into tubes (Editor: I don’t think we need to use this shot. It can be cut in at the beginning of the step if you think it looks good, but 2.2.1 should cover the action as mentioned in the VO – and the viewer can infer the loading action took place beforehand) 

2.2.1. b) Loading the reaction vessel into the centrifuge, programming and starting cycle, TEXT: 4,000 x g, 30 min, 4 C (Editor: This was originally slated as 2.2.1. I’m not sure how it’s slated now, but this should be used for the first action)
2.2.2. Drawing supernatant off pellet, side view of tube (Editor: Feel free to use 2.2.2, 2.2.2a, or 2.2.2b for this VO – whichever looks best. I feel that 2.2.2b represents the VO the best, but transferring a supernatant is an easy process and showing the pellet may be a good visual if it looks good.)
2.2.2. a) [Added Shot]: Side view of the tube showing pellets
2.2.2. b) [Added Shot]: Transferring supernatants into beakers
2.3. Then, re-suspend the pellet in 10 mL of lysis buffer [1.MED] and allow the cells to be lysed for 15 minutes. [2.MED-TXT] Then, continue the incubation at room temperature using a rotator for agitation and let it go overnight. [3.WID-TXT]
2.3.1. Adding lysis buffer to tube, top-side view of tube
2.3.2. Capping tube, inverting/shaking to resuspend pellet and setting tube in heat block, TEXT: 15 min, 95 ºC (Author Comment: There is no heating, so that part of the step must be removed) (Editor: I also removed the VO that corresponded to heating. The author did not do this, but it makes sense. However, they may raise concern over the VO being changed)
2.3.3. Setting up tube on rotator at RT, starting rotator, TEXT: 12 – 16 h, RT, 100 – 200 rpm
2.4. In the morning, centrifuge the mixture for half an hour.  [1.WID-TXT] Then collect the supernatant, containing the solubilized inclusion bodies.  [2.ECU] Next, purify the Avidin-OVA proteins using a Nickel-NTA column. [1.MED 2.5.1]
2.4.1. Removing tube from shaker and transferring it to centrifuge, TEXT: 4,000 x g, 30 min, 4 C
2.4.2. Drawing supernatant off the tube, side view tube
2.5.1. Ejecting supernatant into clean tube, then taking aliquot of lysis buffer
2.5. [1.MED] First, dilute the supernatant 1-to-2 in lysis buffer and estimate the volume. [2.CU]  Then, prepare a column containing 4 mL of Nickle-NTA resin per 250 mL of diluted supernantant and load the dilution onto the column.  [3.MED]
2.5.1. Ejecting supernatant into clean tube, then taking aliquot of lysis buffer (Author Comment: Move this shot to be included just after 2.4.2 (before the next VO begins). Remove second part of sentence.)
2.5.2. Adding buffer to supernatant and mixing
2.5.3. Loading mixture onto column, TEXT: 4 mL Ni-NTA resin / 250 mL dilution
2.6. Next, wash the column three times using 10 mL of lysis buffer, at pH 7, per wash. [1.MED-TXT] To collect the recombinant protein, wash the column with lysis buffer containing imidazole [2.MED-TXT] and collect the eluate. [3.CU]
2.6.1. Adding wash to column, show labels on wash solution bottle, TEXT: Wash 3x, 10 mL lysis buffer (pH 7)
2.6.2. Adding elution solution to the column, show label on elution solution bottle, TEXT: 10 mL lysis buffer + 250 mM imidazole
2.6.3. The pooling of eluate at the bottom of column in collection vessel
2.7. Zakaria:  If your recombinant protein is purified from inclusion bodies it will need to be refolded. The following is a refolding procedure that worked for many proteins in our lab. [1.WID]  
2.7.1. Interview with Zakaria with Amina working at bench in background
2.8. First, adjust the pH of the refolding solution to be [1.MED] one unit above or below the protein’s isoelectric point. [2.CU] Then, gradually vortex and dilute the protein to a one-to-ten dilution in refolding solution.  [1.MED-TXT]
2.8.1. Adding drops of acid/base to solution to correct pH
2.8.2. pH meter showing changing pH of solution
2.8.3. Diluting and vortex mixing protein with refolding solution, TEXT: 1:10 
2.9. Then, incubate the protein on a magnetic stirrer [1.CU] for 30 minutes at room temperature to complete the refolding process. [2.MED]
2.9.1. Adding a magnetic stirrer to mixing flask, adding diluted protein to the flask too (if transferred at this step)
2.9.2. Starting stirring and then starting a timer
2.10. Next, de-salt and buffer-exchange the refolded proteins into PBS using a protein concentrator.  [1.WID] Follow by centrifuging the column, [2.MED-TXT] and store aliquots of soluble protein at -20 C.  [3.ECU]
2.10.1. General activities associated with using protein concentrator, talent’s choice Script revision: loading the protein solution into desalting column.
2.10.2. Loading the protein Insert the column into 16 ml tube and proceed for centrifugation tube(s) into centrifuge, TEXT: 3,500 x g, 0.5, 4 C
2.10.3. Remove the column and Drawing supernatant off aggregates-pellet using pipette collect desalted protein from the 16 ml tube 
3. Biotinylation of BCG Cell Surface
3.1. Work in a biosafety cabinet using personal protective [2.MED-TXT 3.1.1-TXT] equipment because BCG a level-2 pathogen. [3.WID 3.1.2] To biotinylate the surface of BCG cells, first grow the cells [1.WID-TXT 3.1.2b-TXT] on a shaker platform to the proper density [3.1.3].
3.1.1. Arriving at cabinet biosafety hood with BCG culture starter, TEXT: Middlebrook 7H9 broth + 10% OADC + 0.05% Tween-80
3.1.2. Loading Inoculating a new culture flask with an aliquot of BCG culture starter. into media in flask, setting up flask on shaker and strating agitation, TEXT: 50 rpm, 37 ºC, OD = 0.5 – 1.0 (Editor: This shot does not seem necessary. The original VO for this shot – and new VO I’ve switched around – don’t match the action. This shot can be eliminated if needed, since inoculation can be assumed when growing cells, and the entire VO for this part can be used with 3.1.1)
3.1.2 b) [Added Shot]: setting up flask on shaker and starting agitation, TEXT: 50 rpm, 37 ºC, OD = 0.5
3.1.3. Stopping the shaker and the flask on once it has BCG at OD = 0.5 – 1, ready to use (Editor: This shot is not necessary. It can be used if the cut looks okay, but it can also be eliminated and 3.1.2b can be used for the entire VO for this sentence)
3.2. Collect about one billion cells [1.MED] and wash them three times using 500 μL of ice-cold endotoxin-free PBST.  [2.CU-TXT] Then, spin down the cells and suspend them in sterile, endotoxin-free PBS. [3.MED-TXT]
3.2.1. Transferring cells for washing to new tube
3.2.2. Performing one of the washes, TEXT: Wash 3x, PBST (pH 8.0) 
3.2.2 b) [Added Shot]: additional shot (Editor: I have no idea what’s being shown here, or where it should be used)
3.2.3. Unloading tube from centrifuge, discarding supernatant and adding PBS to tube, TEXT: 2 - 3 min, 12,000 x g, 4 ºC
3.3. Next, prepare fresh 10 mM Sulfo-NHS SS biotin in sterile filtered water.  [1.MED] Then, incubate bacteria in 1 mL of broth containing 0.5 mM of Sulfo-NHS SS biotin. [2.CU] Perform the incubation at room temperature for 30 minutes. [3.MED]
3.3.1. Making fresh Sulfo-NHS SS biotin solution
3.3.2. Adding Sulfo-NHS SS biotin solution to broth/media, mixing
3.3.3. Adding bacteria, mixing and staring incubation 
3.4. Next, wash the now-labeled bacteria three times with 500 μL of iced cold PBST, as before, [1.MED-TXT] to remove the unreacted reagent. Then, re-suspend the pellet in 1 mL of PBST. [2.MED-TXT]
3.4.1. Performing one of washes, TEXT: Wash 3x, 500 µL PBST, 4 ºC
3.4.2. Unloading tube from centrifuge, discarding supernatant and adding cold PBST, TEXT: 2 - 3 min, 12,000 x g, 4 ºC
3.5. To evaluate the biotinylation efficiency, stain an aliquot of 100 million biotinylated BCG [1.MED] with 25 µL of Streptavidin-FITC. [2.CU-TXT]
3.5.1. taking aliquot of washed cells in PBST, adding to new tube, taking aliquot of stain
3.5.2. adding aliquot of stain to new tube with cells, mixing, TEXT: 25 µL of 1:100 Strepravidin-FITC, 20 min, RT
3.6. Then, briefly incubate the stained bacteria in paraformaldehyde [1.MED-TXT] and then measure the level of biotinylation using flow cytometry. [2.WID]
3.6.1. *Script revision: “Perform one wash with PBST” First wash out of streptavidin-FITC using PBST, TEXT: Wash 3x, PBST, 4 ºC
3.6.2. Then add Adding PFA to the cells, TEXT: 1 mL 2% PFA, 20 min, RT
3.6.3. Any representative action of using FACS machine (Author Comment: use shot 4.5.3)
4. Binding of Monomeric Avidin-Fusion Protein to Biotinylated BCG Surface
4.1. After assessing the growth and survival of the biotinylated mycobacteria, [1.WID-TXT] proceed with binding the Avidin-fusion protein to them. [2.MED]
4.1.1. Any representative actions of assessing growth/survival, TEXT: See the text protocol for details.
4.1.2. Gathering materials for next step
4.2. First, mix 500 million biotinylated BCGs with [1.MED] Avidin-fusion protein for a final concentration of 10 micrograms of protein per mL. [2.CU] Let this reaction go for an hour at room temperature on a shaker. [3.MED]
4.2.1. Adding BCGs to vessel
4.2.2. Taking aliquot of fusion protein and adding it to vessel, adding PBST as needed
4.2.3. Setting up reaction vessel on shaker and starting shaker
4.3. Next, wash the bacteria three times with 500 μL of ice-cold PBST. [1.MED-TXT] Then, stain the bacteria with rabbit anti-avidin antibody [2.CU-TXT] for 20 minutes at room temperature.  [3.MED]
4.3.1. Performing a wash step, TEXT: Wash 3x, PBST, 4 ºC
4.3.2. Adding primary antibody to tube, TEXT: 1:100 anti-Avidin
4.3.3. Setting up tube for 20 min reaction
4.4. After 20 minutes, perform one wash step with 500 µL of ice-cold PBST.   [1.MED] Then, stain the bacteria with FITC-conjugated goat anti-rabbit IgG antibody. [2.MED-TXT]
4.4.1. Wash step up to cells being ready for 2º Ab addition
4.4.2. Adding the 2º Ab, taking aliquot, ejecting, mixing and setting up for incubation, TEXT: 20 min, 4 ºC RT 4C
4.5. Next, wash the bacteria the times using 500 μL of ice-cold PBST [1.MED-TXT] and analyze the bacteria by flow cytometry to evaluate the surface decoration.   [2.WID-TXT]
4.5.1. First wash out of Ab using PBST, TEXT: Wash 3x, PBST, 4 ºC
4.5.2. [Added Shot]: Add PFA (similar to 3.6.2) (Editor: This does not seem necessary. It doesn’t have any matching VO, and though it would an action taken during flow cytometry, this action can be assumed as it’s mentioned earlier in the video. It can be used in place of 4.5.3 if it looks better)
4.5.3. Talent working with a FACS machine, TEXT: See the text protocol for further details. (Editor: This was originally slated as 4.5.2. I’m not sure what it’s slated now, but should be used for the second action)
5. Results: Biotinylation with Avidin-OVA 
5.1. After following the described protocol, cytometry showed that there were minimal levels of OVA binding to non-biotinylated bacteria and significant levels of OVA binding to biotinylated bacteria.
5.1.1. Fig 4A top and bottom panels - highlight the red data in the bottom panel at “significant”
5.2. Importantly, the levels of Avidin-OVA on the bacterial surface remained stable and detectable one month after lyophilization and storage at room temperature.
5.2.1. Fig 4B – top and bottom panel – highlight bottom panel red data with “lyophilization”
5.3. Next, RAW cells and D-S-Red bacteria were used to perform a phagocytosis assay.  Pleasingly, there was no deterrence in the macrophage phenotype. 
5.3.1. Fig 4C – top and bottom panels – at “no deterrenence” add the measuring bar and % number above it to both panels
5.4. To examine Avidin-OVA-decorated BCGs fate within macrophages, adherent RAW cells were infected and examined by fluorescence microscopy.  Avidin-OVA was not just present on the bacterial surface, but also detached and translocated to cytoplasm far from the bacteria. 
5.4.1. Fig 5A – start with showing the top two panels. At the second sentance make them merge to become the lower left panel.  Then, at “but also detached” draw the dotted white line and zoom in that area, the interior the white box is shown in the right left panel, switch it in for better resolution if needed
5.5. An immunogold staining experiment showed that Avidin-OVA antigens can detach from the BCG surface, cross the phagosomal membrane, and travel toward the cytosol.
5.5.1.  Figure 5B – nothing to animate here, the arrows can be added at “also detach”
5.6. Macrophages infected with Avidin-OVA BCG showed colocalization of Avi-OVA with I-A molecules.  This suggests that avidin fusion proteins detach and translocate to antigen presentation compartments to be loaded on to MHC II molecules. 
5.6.1. Fig 6A – start with the top image, then zoom into the area surrounded by the dotted line, do this quickly.  Next along the bottom of the screen do the following: first show the upper left and center panels of the 6-panels at bottom of Fig 6a, then animate them merging, slide this small panel to the left.  Second show the lower left and center panels of the 6-panels at bottom of Fig 6a, then animate them merging, slide this small panel to the right.  Third, slide the two merge images onto the area within the dotted line above.
5.7. Avidin-OVA peptides also co-localized with class I molecules within BCG phagosomes, as shown by H-2k staining.  Thus, there is potential presentation of Avi-OVA antigen to CD8-positive T cells by the macrophage. 
5.7.1. Fig 6B – repeat the same trick used on 6A

6. Conclusion (said by authors on camera)
6.1. Zakaria Hmama: After watching this video, you should have a good understanding of how to express proteins in mycobacteria and any other microorganism hard to manipulate with current genetics methods.
6.2. Zakaria Hmama: After its development, this technique was successfully used to load BCG vaccine with the popular mycobacterial antigen ESAT6 and we showed that the modified vaccine was able to induce a specific immune response in the mouse model. 
6.3. Zakaria Hmama: We are currently collaborating with urologists to explore this approach in treating bladder cancer with upgraded BCG with various antigens or immunomodulators.

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.
We need many separate layered images for the various panels in figures 4, 5 and 6.   Thanks!

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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