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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
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? Steps 3.3-3.8___________________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Sample collection needs to be somewhat choreographed in order to ensure no protein losses and no harm to user. Steps 3.21 and 3.22 (3.22 can be filmed just for one sample collection, as an example) 
E.  Will the filming need to take place in multiple locations? (Y/N) ___N 
1. Introduction 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this novel separations technique is to fractionate native samples with high recovery and resolution, while maintaining non-covalent macromolecular interactions, such as protein complexes. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Owen Skinner: This method can help answer key questions in the study of native macromolecular complexes, such as complex composition and stoichiometry. 
1.2. Henrique Seckler: The main advantage of this technique is its high recovery and low sample dilution, unrivaled by any other native separations method.     

Protocol (read by voice talent at JoVE):

2. Preparing the Gradient Tube Gels
2.1. Begin with assembling the casting system.  The first step is to use a hot blade [2.2.1-WID] to cut the tip off a 20 mL serological pipette.  Cut orthogonally, 10 centimeters from the top of the dispensing tip.  [2.1.2-ECU]
2.1.1. Heating blade  also has a CU shot
2.1.2. Making cut, show distance from tip and cut angle
2.2. Then, clamp the cut pipette, tip down, to a support stand.  [CU]
2.2.1. Film as written
2.3. Next, cut a 3-cm length of tubing to attach to the tip.  [CU]
2.3.1. Film as written, show ruler next to tube
2.4. Stretch one end of the tubing over the tip and attach a flow control valve. [CU]
2.4.1. Film as written, two actions
2.5. Connect the valve to the dispensing tip of a gradient mixer using another piece of tubing.  [MED]
2.5.1. Film as written
2.6. Keep the valve open, for now. [ECU]
2.6.1. Valve being turned to open position
2.7. Next, put the gradient mixer on a magnetic stirrer and load stir bars into the mixing chambers. [MED]
2.7.1. Film as written, two actions
2.8. Now, test the system for leaks using deionized water. [2.8.2-MED] Then, [2.8.2-CU] dry the system by blowing air through it.  [2.8.1] 
2.8.1. Pumping water through the system, then pumping air through the system
2.8.2. Water flowing through potential leak locations in system
2.8.3. [added] drying/blowing air through the system inside a fume hood
2.9. Cover the top of the pipette section with two layers of tape.  [CU]
2.9.1. Film as written
2.10. Then, puncture a hole through the tape layers and slide a glass tube through the hole.  [CU]
2.10.1. Film as written, two actions Take 2 best
2.11. Extend the glass tube to within 2 millimeters of the bottom. The tube must fit the tape snuggly and not touch the pipette walls.  [ECU]
2.11.1. Pushing tube down into position, show that it does not touch walls
2.12. Now, cast the gel. Close the dispensing valve [2.12.1-MED] and add the 12% T separating gel solution to the mixing chamber furthest from the dispensing tip. [2.12.2-MED]
2.12.1. Closing dispensing valve to cast gel
2.12.2. Adding gel solution to mixing chamber
2.13. So bubbles don’t form, open the valve between the chambers to let the solution flow. [CU/ECU]
2.13.1. Opening chamber valve, showing solution flow
2.14. Then, close the valve and transfer the dislocated gel solution back to the previous chamber using a pipette. [CU]
2.14.1. Film as written
2.15. Now, add 1% T gel to the mixing chamber closest to the dispensing tip [2.15.1-MED] and turn on the magnetic stirrer. [2.15.2-CU]
2.15.1. Film as written
2.15.2. Film as written Mislabeled, is 2nd take for 2.15.1, Take 2 best
2.16. Now, open the flow valve, then both gradient mixer valves at the same time [2.16.1-CU] to allow the two gel solutions to mix and flow into the glass tube.  [2.16.2-ECU]
2.16.1. Opening valves simultaneously

2.16.2. Mixing solutions, flowing into tube

2.17. When finished, attach the tubing to a 10 mL syringe, keeping it above the liquid level.  [MED]

2.17.1. Film as written, showing precautionary actions to keep liquid level
2.18. Then, use the syringe to push the remaining gel solution [2.18.1-MED] from the tubing into the pipette and tube.  Before any air gets in, close the valve. [2.18.2-CU]
2.18.1. Film as written, general technique

2.18.2. Film as written, show gel solution moving and valve being closed

2.19. Next, gently pipette about 0.25 mL of water-saturated butanol [2.19.1-MED] over the gel to seal the polymerization reaction.  Let the reaction go overnight at room temperature. [2.19.2-CU/TEXT]

2.19.1. Loading pipette with 0.25 ml butanol
2.19.2. Ejecting butanol over gel, TEXT: O/N, RT Take 2 Best
2.20. On the following day, carefully peel the tape off the top of the device, [2.20.1-CU] disconnect the valve from the tubing under the pipette and release the pipette from the clamp. [2.20.2-MED]
2.20.1. Film as written

2.20.2. Film as written

2.21. Over a sink, attach a 10 mL syringe filled with deionized water to the tubing [2.21.1-MED] and use this water to slowly force the polymerized gel out of the pipette. [2.21.2-CU]
2.21.1. Film as written Take 3 best
2.21.2. Ejecting the gel from pipette, water follows
2.22. Then, trim the excess gel so it is smooth and flush with the glass edge.  [CU]
2.22.1. Trimming the gel on the glass tube, flush end made
2.23. Store the gel tube in 0.1X buffer solution and cover it with Parafilm wrap.  [CU/TEXT]
2.23.1. Preparing storage vesicle, TEXT: 14 days max. at 4 ºC
3. Clear Native Gel-eluted Liquid Fraction Entrapment Electrophoresis (CN-GELFrEE) Set Up
3.1. After manufacturing the parts for the C-N-Gel-Free device, assemble them. [MED]
3.1.1. Parts being laid out on bench to prepare to assemble device
3.2. First, fit the end of the gel tube without gel through a spacer, an O-ring and a second spacer, in a “sandwich” fashion.  [CU]
3.2.1. Film as written

3.3. Then, add the cathode buffer chamber after the second spacer. [CU]

3.3.1. Film as written
3.4. Pass the screws fully through the side holes and tighten the nuts to both sides.  [ECU]

3.4.1. Film as written, include tightening
3.5. Make certain that the top end of the glass tube is fixed before the top aperture of the buffer chamber and not directly under it or past it. [ECU]

3.5.1. Detail of proper glass tube positioning
3.6. Proceed by fitting the bottom end of the gel tube through a spacer, an O-ring, the collection chamber, a second spacer and, then, attach the anode buffer chamber, like the cathode buffer chamber. [CU]

3.6.1. Film as written, several sequential actions
3.6.2. [added] tightening screws
3.7. Make sure that the bottom end of the gel tube is fixed past the top aperture of the buffer chamber. [ECU]

3.7.1. Proper positioning of gel tube

3.8. It should also be close to the back wall without touching it. [ECU]
3.8.1. Proper positioning of gel tube, 2nd angle
3.9. Now, clamp the electrophoresis device vertically with the cathode up.  [CU]
3.9.1. Film as written
3.10. Then, load the two chambers with either 4 ºC anode or cathode buffer.   [MED]

3.10.1. Film as written Take 3 best
3.11. Tap out any air bubbles and check for leaks. [CU]

3.11.1. Film as written, tapping/checking

3.12. The platinum electrode must touch the buffers [3.12.1-ECU] and both gel tube ends must be immersed in buffer. [3.12.2-ECU]
3.12.1. Electrodes in buffer

3.12.2. Gel tube ends in buffer, combine with 3.12.1 if possible
3.13. The last step is to connect the gel to the power supply.  [MED]

3.13.1. Film as written

4. CN-GELFrEE: Sample Loading to Analysis
4.1. Load the sample on the top surface of the gel using the load tip. [MED]
4.1.1. Film as written

4.2. Next, run the gel at one Watt until the red dye front has passed to the bottom of the gel.  [CU]

4.2.1. Red dye front moving into the bottom of gel Take 2 best… also possible time-lapse showing gel move?
4.3. Then, firstly, turn off the power supply and, secondly, discard the buffers. [MED]
4.3.1. Film as written, two actions
4.4. Now, disassemble the bottom spacer and chamber, keeping one spacer and the O-ring attached. [CU]
4.4.1. Film as written with a focus on showing the disassembled results as described

4.5. Put the bottom end of the gel tube into the collection chamber, before the top aperture, but not past it or directly under it, [4.5.1-CU/ECU] and push the spacer and O-ring close to the collection chamber.  [4.5.2-CU]
4.5.1. Film as written, focus on the precise position of the gel tube

4.5.2. Film as written
4.6. Then, cover the aperture with a membrane rehydrated in anode buffer. [CU]
4.6.1. Film as written
4.7. Assemble the anode buffer chamber after the second spacer. [CU]
4.7.1. Film as written, tightens screws/bolts
4.8. Then, lay the device horizontally over an ice bucket, refill the buffer chambers, check for leaks, and then add 150 µl of anode buffer into the collection chamber. [MED]
4.8.1. Setting device over ice, refilling the buffer chambers and 
4.8.2. [split shot] filling the collection chamber
4.9. Now, send a constant 3 milliAmps to the device. Once the dye front elutes, turn off the power. [MED]
4.9.1. Connects power cords, turns on power, watches dye front elute and turns off power

4.10. Then, collect the first fraction. Transfer it to a low-protein-binding microcentrifuge tube and put it on ice. [MED]
4.10.1. Film as written, two steps

4.11. Next, refill the collection chamber with another 150 µL of anode buffer and collect the next fraction.  [MED]

4.11.1. Adding back anode buffer and repeating previous step

4.12. Carefully proceed by repeating this process to collect all the fractions.  With practice no protein loss should occur. [MED/TEXT]
4.12.1. Like 4.11, new angle, TEXT: Collect 0, 2, 4, 6, 8, 10, 15, 20, 25, 30, 45, 60, 90 and 120 minute fractions.

4.13. Every 60 minutes during the fractionizing, change the anode and cathode buffer. [MED]

4.13.1. Changing the anode and cathode buffers, 12 collected fractions on ice at this point labeled 0, 2, 4, 6, 8, 10, 15, 20, 25, 30, 45 and 60

5. Results:  Non-covalent Protein Assemblies from Mouse Heart
5.1. Proteins were extracted from frozen mouse heart and fractionated natively using C-N-Gel-Free in a one to twelve percent T-gel tube.  Fraction aliquots were run on a CN-PAGE slab gel and silver stained. 
5.1.1. Figure 2A

5.2. Each native fraction was subsequently reduced and denatured.  Samples were run again on an SDS-PAGE slab gel.   

5.2.1. Figure 2B

5.3. Mass shifts and an increase in the number of species were observed in all fractions, compared to the native fractions, indicating that the native fraction contained intact protein complexes. 
5.3.1. Figure 2A with Figure 2B

5.4. The native fractions were then cleaned and analyzed with mass spectrometry.  One intact protein complex observed, for example, was homodimeric malate dehydrogenase.  It had a charge distribution between 16+ and 20+ and a molecular mass of 72,843 Daltons.

5.4.1. Figure 3A
5.5. The 18+ charge state was isolated and collisionally-activated, resulting in the ejection of monomeric malate dehydrogenase with a molecular mass of 36,421 Daltons.

5.5.1. Figure 3B

5.6. Source activation was applied to the intact complex in order to induce monomer ejection. This allowed isolation, further fragmentation and identification of the monomers.  Thus, C-N-Gel-Free is compatible with mass spectrometry and it does not disrupt non-covalent protein−protein interactions of macromolecular assemblies.

5.6.1. Figure 3C
6. Conclusion (said by authors on camera)

6.1. Henrique Seckler:  This procedure generates liquid-entrapped native fractions that are likely to be compatible with many downstream analytical methods besides mass spectrometry, including activity assays, binding assays and microscopy. 
6.2. Owen Skinner: Don't forget that working with liquid fractions and electricity can be extremely hazardous and that the electric source should always be off during the handling of liquids or of the device throughout this procedure.   

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.

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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