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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 by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. ___3.5, 4.1-4.11, 5.1-5.2, 5.3-5.11_____

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 to be filmed by their protocol numbers. (Please do not list an entire section.) __4.1-4.11 – only tricky because you have to remember what to discard and what to keep. _5.1-5.2 – setup is key to prevent leaks. ___Note – none of these steps are particularly hard or will take a long time. Most are standard lab techniques. ________________

E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________ 
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 protocol is to generate protein based on the extracellular domain of Myelin oligodendrocyte glycoprotein, or MOG (pronounced as “mog”), which can be used to induce experimental autoimmune encephalomyelitis, or EAE. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Steven Kerfoot: This protocol makes it possible for any lab to make MOG protein for use as an antigen to induce EAE [1-MED]. 
1.1.1. Steven speaks toward camera, interview style.
1.2. Steven Kerfoot: The main advantage of this technique is that it does not rely on specialized protein-handling equipment, and can be performed using standard equipment found in almost any immunology lab [1-MED].   
1.2.1. Steven speaks toward camera, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Rajiv W. Jain: While this protocol was optimized for our MOGtag protein based on the mouse version, it should work for other MOG protein expression systems that incorporate a His tag for purification [1-MED]. 
1.3.1. Rajiv speaks toward camera, interview style.
Note to Authors – the optional interview statement must be said by a different author that the required statements, so Rajiv should say it.  This point was edited to meet our length requirements.  Also, when Rajiv speaks, text will appear on the screen to introduce him.  Therefore, the introduction point is not necessary.  
Protocol (read by voice talent at JoVE):
2. Protein induction
2.1. Inoculate 5 milliliters of sterile Lysogeny broth with a BL21-MOGtag (pronounced as “B-L-twenty one mog-tag”) glycerol stock [1-MED-TXT], and incubate it overnight at 37 degrees Celsius and 200 rpm [2-MED-over the shoulder].
2.1.1. Talent inoculates the LB with the glycerol stock.  TEXT Overlay: LB with 0.1 mg ampicillin/mL  
2.1.2. Inoculated tube as talent places into the incubator.
2.2. Add 500 microliters of 100 milligram per milliliter ampicillin to each of two 500 milliliter flasks containing 500 milliliters of sterile LB [1-CU-TXT].
2.2.1. Two 500 ml flasks with 500 ml of sterile LB as talent pipettes the ampicillin there.  TEXT Overlay: 0.1 mg/mL ampicillin  
2.3. Transfer 1 milliliter of the overnight culture to each of the two flasks of LB broth [1-MED].  Incubate at 37 degrees Celsius and 200 rpm for 5 hours, or up to an optical density of 0.6 [2-CU].
2.3.1. Talent transfers 1 ml of the overnight culture to 2 flasks of LB broth.
2.3.2. Flasks as they rotate in the incubator.
2.4. Once the desired cell density is reached, add 0.5 milliliters of 1 Molar IPTG to each culture flask [1-MED-over the shoulder-TXT].  Incubate the flasks at 37 degrees Celsius and 200 rpm for 4 hours, and then at room temperature and 75 rpm overnight [2-MED-TXT]. 
2.4.1. Talent adds 0.5ml of 1M IPTG from a labeled tube.  TEXT Overlay: IPTG = Isopropyl β-D-1-thiogalactopyranoside
2.4.2. Talent places the flasks back into the incubator, capture temperature and speed setting; TEXT Overlay: RT, 75 rpm, O/N
3. Harvesting MOGtag protein
3.1. Distribute the cultures evenly amongst 250 milliliter bottles compatible with high speed centrifugation, and keep the bottles on ice from this point forward [1-CU].  Pellet the bacterial cells at 22,000 x g for 15 minutes at 4 degrees Celsius [2-MED].
3.1.1. 250 ml bottles as talent distributes the cultures there.
3.1.2. Talent places the bottles into the centrifuge, shuts lid and starts the run. 
3.2. Resuspend and combine all of the bacterial pellets in a total of 30 milliliters of lysis buffer [1-MED-over the shoulder].  Transfer this volume to a round bottom 50 milliliter tube capable of high speed centrifugation [2-CU].
3.2.1. Talent resuspends the last bacterial pellet in lysis buffer and combines it with the other resuspended pellets.  Use a labeled container.
3.2.2. Round bottom 50 ml tube as talent transfers the resuspended and combined bacterial pellets there.  
3.3. Place this tube in a 30 degree Celsius water bath for 30 minutes [1-MED-over the shoulder].  During the incubation time, shake the tube twice to resuspend the cells [2-MED].
3.3.1. Talent places the tube in the water bath.
3.3.2. Talent shakes the tube.
3.4. Following incubation, transfer the tube onto ice and sonicate the solution at 20 kiloHertz and amplitude 70%, pulsing on for 3 seconds, and off for 3 seconds, for five pulses [1-CU].  Sonicate the solution for six total rounds of five pulses, allowing the solution to cool on ice in-between rounds [2-MED-over the shoulder].
3.4.1. Tube on ice as talent sonicates at 20 kiloHertz, amplitude 70%, pulsing on for 3 seconds, and off for 3 seconds.
3.4.2. Talent finishes up a round and leaves the solution to cool on ice (or transfers to new ice if that is how it is normally done).
3.5. Next, centrifuge the solution at 24,000 x g for 15 minutes at 4 degrees Celsius [1-MED].  Then, resuspend the pellet in 30 milliliters of buffer A and incubate this solution at 4 degrees Celsius for 3 hours [2-CU-TXT].   
3.5.1. Talent places the solution into the centrifuge, shuts lid and starts run.
3.5.2. Pellet as talent resuspends in 30 ml of Buffer A.  Use labeled container.  TEXT Overlay:  see text for Buffer A recipe
3.6. After incubation, sonicate the solution on ice as before [1-MED].  Then add 17.2 grams of guanidine-HCl to the solution [2-CU].  Incubate the sample on ice for 1 hour to solubilize the MOGtag protein [3-MED-over the shoulder].
3.6.1. Talent sonicates the solution on ice.
3.6.2. Solution as talent adds 17.2 grams of guanidine-HCl there.
3.6.3. Talent starts a timer to count down from 1 hour and sets down next to the sonicated sample on ice.
4. Protein purification
4.1. To charge and equilibrate the nickel resin, first wash the resin by adding 40 milliliters of water to each tube containing resin [1-MED].  Lay the tubes horizontally onto a rocker and let them agitate for 5 minutes at 4 degrees Celsius [2-CU].  
4.1.1. Talent adds 40 mL of water to each tube containing the resin.
4.1.2. Tubes as they are laid horizontally onto a rocker and rocked.
4.2. Once finished, centrifuge the tubes at 4500 x g for 8 minutes at 4 degrees Celsius [1-MED].  Discard the supernatant by pipetting to avoid disturbing the pellet [2-CU].  Then, add 40 milliliters of charge buffer to each tube [3-MED-over the shoulder-TXT].
4.2.1. Talent places the tubes into the centrifuge, shuts lid and starts run.
4.2.2. Sample as talent removes the supernatant by pipetting.
4.2.3. Talent adds 40 ml of charge buffer to the tubes.  Use labeled container.  TEXT Overlay: see text for charge buffer recipe
4.3. Transfer the tubes onto a rocker and let them agitate for 15 minutes at 4 degrees Celsius before centrifuging them again, as before [1-CU].   
4.3.1. Tubes rocking on the rocker.
4.4. Discard the supernatant and add 40 milliliters of buffer B to the tubes [1-MED-TXT].  Transfer the tubes onto a rocker and let them agitate for 5 minutes at 4 degrees Celsius before centrifuging the tubes with resin once more [2-MED-over the shoulder].  
4.4.1. Tube of resin as talent discards the supernatant and adds 40 ml of buffer B to the tubes.  TEXT Overlay: see text for buffer B recipe
4.4.2. Talent places the tubes into the centrifuge, shuts lid and starts run.
4.5. To purify the MOGtag protein, transfer the entire volume of solubilized protein to the first tube containing nickel resin [1-CU].  After mixing, place the tube horizontally on a rocker at 4 degrees Celsius for 1 hour [2-MED-over the shoulder].
4.5.1. Tube with nickel resin as talent transfers the solubilized protein there.  Use labeled containers.
4.5.2. Talent places the tube horizontally on the rocker.
4.6. After centrifuging the tube at 4500 x g for 8 minutes at 4 degrees Celsius, transfer the supernatant to the second tube of nickel resin and incubate as before [1-MED].
4.6.1. Talent transfers the supernatant from the centrifuged sample to the second tube of nickel resin.  Use labeled containers.
4.7. In the meantime, resuspend the nickel resin in the first tube in 40 milliliters of elution buffer, and place the tube horizontally on a rocker at 4 degrees Celsius for 5 minutes before centrifuging as before [1-CU].
4.7.1. Tubes as talent places them to rock on the rocker.  Use labeled tubes.
4.8. Transfer the supernatant containing the eluted MOGtag protein into a 250 milliliter bottle labeled “purified MOGtag protein” [1-MED-over the shoulder].  Keep this bottle at 4 degrees Celsius.  With each elution step, pool the resulting supernatant in this bottle [2-MED].
4.8.1. Talent transfers the supernatant containing the eluted MOGtag protein to a 250 ml bottle labeled “purified MOGtag protein.”
4.8.2. Talent places the bottle at 4 degrees Celsius.
4.9. Add 40 milliliters of strip buffer to the nickel resin in the first tube [1-CU-TXT] and place horizontally on a rocker for 5 minutes at 4 degrees Celsius [2] [1-CU-TXT].
4.9.1. Nickel resin as talent adds 40 ml of strip buffer there and places horizontally on a rocker.  Use labeled tubes.  TEXT Overlay:  see text for strip buffer recipe
4.9.2. [ADDED SHOT] Tube placed on to rocker
4.10. Centrifuge the tube, discard the supernatant, and recharge the nickel resin as before [1-WIDE].
4.10.1. Talent pulls the sample out of the centrifuge, discards the supernatant and begins to recharge the nickel resin.
4.11. Once finished, move forward with the second tube as was done for the first tube [1-MED].  A total of 4 rounds of absorption of the solubilized protein onto the charged nickel resin and elution will recover most of the protein [3-LM-TXT] [2-MED-over the shoulder-TXT]. 
4.11.1. Talent adds the protein to the second tube.  Use labeled tubes.
4.11.2. Talent places the sample in the rocker and begins to rock.  TEXT Overlay: additional protein could be recovered in additional rounds of absorption and elution (This shot was not filmed – but if necessary other shots of tubes on rocker could be used) (Erin Note: Authors wanted to replace 4.11.2 with 4.11.3 below)
4.11.3. [Added Shot] 54727_kerfoot_Figure2_detail.tif; TEXT Overlay: Additional protein could be recovered in additional rounds of absorption and elution
(Author Note: Please note that at the end of section 4 I strongly suggest that you show a flow chart to explain the centrifugations etc. I have uploaded a file named 54727_Kerfoot_Figure2_detail.tif” that is taken from figure 2 and has this flow chart. Otherwise, with the video it will be very difficult to keep track of where the protein is and what should be kept and what should be discarded.)
5. Dialysis and Concentrating MOGtag protein
5.1. Cut approximately 30 centimeters of snakeskin dialysis tubing [1-MED].  Secure one end with a locking hemostat by folding the end of the snake skin over three times and clamping the folded end with the hemostat [2-CU]. 
5.1.1. Talent cuts 30 centimeters of snakeskin dialysis tubing.
5.1.2. Tubing as talent secures one end with a locking hemostat by folding the end of the snake skin over three times and clamping the folded end with the hemostat.
5.2. Fill the snakeskin with diluted MOGtag protein [1-MED-over the shoulder-TXT].  Then, remove any air bubbles from the snakeskin by forcing them out of the open end [2-CU].  Finally, seal the other end of the tube using a second locking hemostat [3-MED].
5.2.1. Talent fills the snakeskin the diluted MOGtag protein from a labeled container.  TEXT Overlay: see text for measuring protein concentration
5.2.2. Snakeskin as talent forces the air bubbles out of the open end.
5.2.3. Talent seals the other end of the tubing using a second locking hemostat.
5.3. Next, fill a large bucket with 1 liter of 1x acetate buffer with 4 Molar guanidine [1-MED-over the shoulder-TXT].
5.3.1. Talent fills a large bucket with 1x acetate buffer with 4 Molar guanidine.  TEXT Overlay: see text for 1x acetate buffer with 4 Molar guanidine recipe 
5.4. Place up to 2 sections of dialysis tubing containing the MOGtag protein into the bucket [1-CU]. Using tape, secure the hemostats to the side of the bucket to leave room for a magnetic stir bar to spin unhindered in the bottom [12-CU].  
5.4.1. 1L bucket as talent places 2 sections of dialysis tubing containing MOGtag into the bucket, leaving room for a magnetic stir bar to spin unhindered in the bottom
5.4.2.  [ADDED SHOT] CU – Tape used to secure hemostats to the sides of the bucket. (Videographer/Author Note: First shot labelled “5.5.2” is really mislabeled 5.4.2)
5.5. Put the bucket in a 4 degrees Celsius room on a magnetic stir plate and turn it on to a slow rotation rate [1-MED].  The dialysis takes a minimum of 3 days to gradually reduce the amount of guanidine in the buffer [2-CU].  
5.5.1. Talent puts the bucket in a 4 degrees Celsius room on a magnetic stir plate and turns it on to a slow rotation rate.  Match/continue action in next shot.
5.5.2. Bucket as talent turns on the stir bar and it begins to stir under the dialysis tubing.  
5.6. Regularly check to make sure that the tubing is intact and that the ends are securely closed [1-MED].
5.6.1. Talent approaches the bucket as it stirs and checks that the tubing is intact.
5.7. After 4 to 5 hours, add 1 Liter of 1x acetate buffer to the dialysis bucket [1-MED-over the shoulder-TXT].  Repeat this process every 4 to 5 hours for a total of three times to result in a total of 4 liters in the bucket [2-WIDE-TXT].
5.7.1. Talent adds 1 L of 1x acetate buffer to the dialysis buffer.  Use labeled containers.  TEXT Overlay: 100 mL 10x acetate buffer and 900 mL of H2O
5.7.2. Talent approaches the bucket and adds another liter of acetate buffer.  TEXT Overlay: repeat 3x, every 4-5 h
5.8. After discarding half of the buffer in the bucket, refill with 1 Liter of 1x acetate buffer and set up the tubing and stir bar [1-MED-over the shoulder].
5.8.1. Talent refills the partially-filled bucket with 1 L of 1x acetate buffer and sets up the tubing and stir bar.
5.9. Finally, replace the entire 4 liter volume in the bucket with 4 liters of fresh 1x acetate buffer and let stir for 4 to 5 hours.  For best results, do this step on the day of protein concentration [1-MED].
5.9.1. Talent replaces the entire 4 liter volume in the bucket with 4 liters of fresh 1x acetate buffer.  Use labeled container.
5.9.2. [ADDED SHOT]: WIDE – talent returns to 4C room with bucket.
5.10. To concentrate the MOGtag protein, line a pan with aluminum foil and cover the aluminum foil with PEG 3350 and PEG 8000 at a 1 to 1 ratio [1-CU].  The PEG 3350 can help prevent protein aggregation during concentration and is an effective cyropreservative [2-MED-over the shoulder-TXT].
5.10.1. Pan as talent lines with aluminum foil.  
5.10.2. Talent covers the aluminum foil with PEG 3350/8000 from a labeled container.  TEXT Overlay: polyethylene glycol = PEG
5.11. Put the MOGtag protein containing snakeskin tubing on top of the aluminum foil and cover with PEG 8000 [1-CU].  Let this sit at room temperature and check the volume regularly until the volume is equal to or below the estimated final volume [2-MED-over the shoulder-TXT] 
5.11.1. Dialysis tubing with sample as talent places on top of the aluminum foil and covers with PEG 8000 from a labeled container.
5.11.2. Talent checks the volume of the sample.  TEXT Overlay: see text for measuring the final concentration
5.12. If the pan becomes oversaturated with water during the concentration process, set up a fresh pan with aluminum foil and PEG [1-MED].
5.12.1. Talent prepares a fresh pan with aluminum foil and PEG.
6. Results: Evaluation of MOGtag purity and assessment of its activity 
6.1. Samples of protein taken throughout the purification protocol are run on a SDS-PAGE gel to confirm purity [1-LM-TXT].  A representative gel is displayed, showing the highly-purified MOGtag at 31.86 kiloDaltons [2-LM].
6.1.1. 54727_Kerfoot_Figure3A.tif – Authors, please provide a separate version of this figure without the A label.  TEXT Overlay: see text for sample timepoints
6.1.2. 54727_Kerfoot_Figure3A.tif.  Editors, please highlight the band at ~32 kDa on the far right (labeled as MOGtag).   
6.2. To verify that the MOGtag protein has folded correctly, binding of the MOGtag protein to CD19 -positive, CD4-negative naive B cells from lymph nodes [1-LM] from either wild type C fifty-seven black six mice [2-LM] or IgHMOG (pronounced as “I-G-H-mog”) mice that express an immunoglobulin heavy chain specific for MOG protein [3-LM] was assessed using flow cytometry [4-LM].
6.2.1. 54727_Kerfoot_Figure3B.tif – Authors, please provide a separate version of this figure without the B label.  
6.2.2. 54727_Kerfoot_Figure3B.tif - Editors, please highlight the top left panel as this point is narrated.
6.2.3. 54727_Kerfoot_Figure3B.tif - Editors, please highlight the top right panel as this point is narrated.
6.2.4. 54727_Kerfoot_Figure3B.tif    
7. Conclusion (said by authors on camera)

7.1. Rajiv Jain: This protocol requires a minimum of 10 days from beginning to end.  Throughout the isolation procedure, it’s important to keep track of the protein, and remember what should be kept and what should be discarded [1-MED]. 
7.1.1. Rajiv speaks toward the camera, interview style.
7.2. Rajiv Jain: Don't forget that working with nickel sulfate hexahydrate, used in charging the nickel resin, can be extremely hazardous and precautions should be taken to prevent inhalation or contact with the skin or eyes [1-MED]. 
7.2.1. Rajiv speaks toward the camera, interview style.  
7.3. Kerfoot: After watching this video, you should have a good understanding of how to produce and purify your own MOGtag protein.  Once purified, MOGtag protein can be emulsified in Complete Freund’s Adjuvant and used as an immunogen to induce EAE [1-MED]. 
7.3.1. Steven speaks toward the camera, interview style.  

7.4. Kerfoot: EAE induced with MOGtag can be used to study the involvement of multiple cell types, including CD4 and CD8 positive T cells, and B cells in central nervous system autoimmune disease [1-MED].  
7.4.1. Steven speaks toward the camera, interview style.  
7.5. Kerfoot: Unlike short peptides, which are MHC restricted, protein antigen can be used in any strain of mice [1-MED].    
7.5.1. Steven speaks toward the 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.
54727_Kerfoot_Figure2_detail.tif – Authors have provided the relevant portion of Figure 2 to explain the flow chart of tubes and centrifugation. 
54727_Kerfoot_Figure3A.tif – Authors, please provide a separate version of this figure without the A label.  
54727_Kerfoot_Figure3B.tif – Authors, please provide a separate version of this figure without the B 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 are included in the email accompanying the finalized script.
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