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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. ________________Protocol was highlighted during publication process, let me know if you need more clarity.__________________________

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.) ___2.5-2.8 and 3.4 are probably the least familiar to the audience.___________________

E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? ___________________________________Different rooms / floors within the same building: 4th floor and 6th floor.________________ 
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 affinity capture protocol is to isolate endogenous protein complexes from mammalian cells. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. John LaCava: This method can help answer key questions in cell and molecular biology, such as revealing which proteins form together into physically-linked functional modules in vivo [1-MED].
1.1.1. John speaks toward the camera, interview style. 
1.2. John LaCava: The main advantage of this technique is that numerous physical interactions comprising macromolecular complexes associated with the target protein of interest may be observed simultaneously [1-MED].
1.2.1. John speaks toward the camera, interview style.  

Protocol (read by voice talent at JoVE):

(Author Note: In order to demonstrate the procedures, and because we are very experienced with these protocols, we take certain liberties the novice should not – as you can see, we handle LN2 cooled tubes and containers without cryo-gloves – this is not recommended for the inexperienced, however.)
(Author Note: In case an independent audio recording of the cryo-mill whirring sounds is needed - a .wav file can be downloaded from here: http://www.sosdb.net/details/?id=130.)
2. Cell harvesting and freezing
2.1. Grow 1 to 8 grams of cells as described in the text protocol [1-MED-over the shoulder].  Pour off the growth medium into a large beaker [2-CU].  Then, place the culture dish on ice in a large rectangular ice pan [3-MED].
2.1.1. Talent pulls the grown up cells out of the incubator.
2.1.2. Culture dish as talent pours off the growth medium into a large beaker.
2.1.3. Talent places the culture dish on ice in a large rectangular ice pan.
2.2. Add 20 milliliters of ice-cold 1x Phosphate Buffered Saline, or PBS, to the culture dish and release the cells from the dish using a large cell scraper [1-CU].  Transfer the cells to a 50 milliliter tube, pre-chilled on ice [2-MED-over the shoulder].
2.2.1. Culture dish as talent adds 20 ml of ice-cold 1x PBS there and starts scraping the dish using a large cell scraper.
2.2.2. Talent transfers the cells to a 50 mL tube on ice and leaves the cells there. 
2.3. Add an additional 10 milliliters of ice-cold 1x PBS to the same dish [1-CU].  Collect the remaining cells and transfer them to the 50 milliliter tube [2-MED-over the shoulder].
2.3.1. Dish as talent adds 10 ml of ice-cold 1x PBS there.
2.3.2. Talent collects the remaining cells and transfers them to a 50 ml tube.
2.4. Repeat this process for each dish.  Cell suspensions from different dishes may be combined to reduce the sample number and plastic waste [1-MED].  Next, centrifuge the samples for 5 minutes at 1000 x g and 4 degrees Celsius [2-MED-over the shoulder].
2.4.1. Talent adds 10 milliliters of ice-cold 1xPBS to the next dish and combines the cell suspension to the same 50 ml tube.
2.4.2. Talent places the tube into the centrifuge, shuts lid and starts run.
2.5. Following centrifugation, carefully pour off the supernatant [1-MED].  Resuspend each pellet in 10 milliliters of ice-cold 1x PBS [2-CU].  Consolidate the resuspended pellets at up to 5 per 50 milliliter tube, wash the empty tubes with 10 mL of PBS, add this solution to the consolidated samples, and centrifuge as before [3-MED-over the shoulder-TXT]. 
(Author Note: In this step we had 6 pellets to resuspend / combine. 10ml was added to each of two pellets. Those pellets were resuspended and then combined with two other pellets respectively. Yielding 2 tubes, each with three pellets resuspended with 10ml. 10 ml were then then used to wash the empty tubes and added to each tube containing three pellets resuspeneded with 10ml, respectively. This resulted in 2 tubes, each with three pellets resuspended with 20 ml.)
2.5.1. Talent carefully pours off the supernatant.  
2.5.2. Sample pellet in tube as talent resuspends in PBS.
2.5.3. Talent consolidates the resuspended pellets.  TEXT Overlay (as “and centrifuge as before” is narrated): centrifuge 5 min at 1000 x g, 4 ºC
2.6. After removing the supernatant, resuspend the pellet in 10 milliliters of ice-cold 1x PBS [1-MED].  Remove the plunger from a 20 milliliter syringe and set it aside [2-CU].  Cap the nozzle of the syringe and transfer the cell suspension there [3-ECU].
2.6.1. Talent resuspends the pellet in 10 ml of ice-cold 1x PBS.
2.6.2. Syringe as talent removes the plunger and sets it aside.
2.6.3. Syringe as talent caps the nozzle and transfers the cell suspension to it.
2.7. Place the syringe inside a 50 milliliter tube and centrifuge for 5 minutes at 1000 x g, 4 degrees Celsius [1-MED-over the shoulder].  Aspirate the supernatant with a fine tip pipette attached to a vacuum trap system until the top layer of cells begins to be sucked up.  This results in a wet cell pellet [2-ECU].
2.7.1. Talent places the syringe inside a 50 ml tube and places the tube into the centrifuge.
2.7.2. Cell pellet as talent aspirates the supernatant with a fine tip pipette attached to a vacuum trap system until the top layer of cells begins to be sucked up.
2.8. Uncap the syringe, insert the plunger and drip the cells directly into a large plastic beaker filled with liquid nitrogen, held in a liquid nitrogen bath in a Styrofoam box [1-MED-over the shoulder-TXT].  Forcibly plunge the remaining cells from the syringe [2-CU].
(Author Note: When filming this, on the first take the pellet was uncharacteristically wet and flowed easily out of the syringe under gravity. Plunging was not needed. Normally the pellet is firm enough that the pellet requires to be gently plunged, and the final bit has to be forcibly plunged. This was better shown on the second take, although the pellet in that case was much smaller.)
2.8.1. Talent uncaps the syringe, inserts the plunger and drops the cells directly into a large plastic beaker filled with liquid nitrogen, held in a liquid nitrogen bath in a Styrofoam box; TEXT: Handling of liquid nitrogen-cooled containers without cryo-gloves is not recommended for the inexperienced.
2.8.2. Syringe as talent forcibly plunges the remaining cells from the syringe. (Second take was better and illustrates “forcibly plunged” better.)
2.9. Next, pour the frozen cells into 50 milliliter tubes [1-MED].  Loosely cap the tubes to allow excess liquid nitrogen to evaporate [2-CU].  Hold them overnight at minus 80 degrees Celsius [3-WIDE].  
2.9.1. Talent transfers the frozen cells to 50 milliliter tubes by pouring.
2.9.2. Tubes as talent loosely caps them.
2.9.3. Talent places the tubes into the -80 degrees freezer.
2.10. Tighten the caps fully the next day.  The frozen cells may be stored in this way at minus 80 degrees Celsius until cryomilling [1-MED-over the shoulder].
2.10.1. Talent pulls the tubes out of the freezer, tightens the caps, and puts them back in.
3. Cryogenic disruption of frozen cells
3.1. Remove the cell beads from the minus 80 degrees Celsius freezer and place them in a 50 milliliter tube holder in a liquid nitrogen bath [1-MED].
3.1.1. Talent removes cell beads from the freezer and places them in a 50 mL tube holder in a liquid nitrogen bath.
3.2. Pre-cool a 50 milliliter jar, two 20 millimeter balls, and the jar lid in a clean rectangular ice bucket containing liquid nitrogen [1-CU].  Also, pre-cool a PTFE insulator; use either a set of pucks or a sleeve-and-puck [2-MED-over the shoulder-TXT].
3.2.1. Rectangular ice bucket containing liquid nitrogen as talent places a 50 ml jar, 20 mm balls and lid into it.
3.2.2. Talent places the PTFE insulator in the liquid nitrogen bath.  TEXT Overlay: PTFE = Polytetrafluoroethylene  
3.3. Set the appropriate counterbalance on the mill [1-MED].  Using forceps, place the two pre-cooled 20 millimeter milling balls and the frozen cells inside the pre-cooled milling jar [2-CU].  Add liquid nitrogen to the jar up to half full, place the lid on the jar, and transfer the assembly to the mill [3-MED-over the shoulder].
3.3.1. Talent sets the appropriate counterbalance on the mill.
3.3.2. Pre-cooled milling jar as talent places the two pre-cooled 20 mm milling balls and the frozen cells there.
3.3.3. Talent adds liquid nitrogen to the jar up to half full, places the lid on the jar, and transfers the assembly to the mill. 
3.4. Clamp the assembly in place and perform three cycles of milling using a program of 400 rpm, 3 minutes, reverse-rotation each minute, and no interval break [1-CU-TXT].  
3.4.1. Assembly as talent clamps it and performs milling.  TEXT Overlay: cool in liquid nitrogen between cycles.  Note to videographer – please obtain a longer shot than normal with audio so that the editors have the option of showing the process with the sound of the balls rattling after the narrated point.  Editors, please consider continuing the shot for longer than the narration and using the audio of the balls rattling if it works well.
3.5. John LaCava:  It is critical to hear the balls rattling during milling – this indicates the steel balls are colliding and pulverizing the material.  Failure to hear this sound means that milling is not occurring [1-MED]. 
3.5.1. John speaks toward the camera, interview style. (Videographer Note: Multiple takes filmed, some with the sound of balls rattling in the background and without.)
3.6. Upon completion of 3 milling cycles, move the jar back to liquid nitrogen and let it rest momentarily to cool [1-CU].  Carefully remove the lid, remove the balls using forceps, and transfer the powder to a pre-cooled 50 milliliter tube using a pre-cooled spatula [2-MED-over the shoulder]. Note that adding liquid nitrogen to the jar can help dislodge powder that is caked onto the balls [3?].
3.6.1. Milling stops and jar as talent places it back to liquid nitrogen and lets rest.
3.6.2. Talent carefully removes the lid from the jar, removes the balls using forceps, and transfers the powder to a pre-cooled 50 ml tube using a pre-cooled spatula; 
3.6.3. [Added Shot?] Adding liquid nitrogen to open jar/powder, loosening and removing powder (Authors indicated this was filmed, but this was not noted by the videographer…might be combined with 3.6.2?)
4. Affinity capture of protein complexes from cell extracts
4.1. For cell extract preparation, weigh out 100 milligrams of cell powder into a 1.5 or 2 milliliter microfuge tube [1-MED].
4.1.1. Talent weighs 100 mg of cell powder into a 1.5 ml or 2 mL microfuge tube. 
4.2. Tare an analytical balance with the empty microfuge tube [1-MED-over the shoulder].  Dispense the cell powder into the tube using a liquid nitrogen cooled spoon or spatula [2-CU].  Check the mass of the powder dispensed within the tube on the analytical balance before returning the tube to liquid nitrogen [3-MED-over the shoulder].
4.2.1. Talent tares the analytical balance with the empty microfuge tube.
4.2.2. Tube as talent dispenses cell powder into the tube using a liquid nitrogen cooled spoon or spatula.
4.2.3. Talent checks the mass of the dispensed powder.
4.3. Open the tube with cell powder [1-CU] and let it stand at room temperature for 1 minute to release pressure within the tube and prevent the immediate freezing of the extraction buffer when added to the powder [2-MED-over the shoulder].
4.3.1. Tube as talent removes from liquid nitrogen and begins to open it.  Continue action in next shot.
4.3.2. Talent finishes opening the tube and then starts and adjacent timer to count-down from 1 minute.   
4.4. Add 400 microliters of extractant supplemented with protease inhibitors to the tube [1-CU-TXT].  Vortex the tube briefly and then hold on ice [2-MED-over the shoulder-TXT].  
4.4.1. Tube as talent adds 400 microliters of extractant supplemented with protease inhibitors to the tube.  TEXT Overlay: see table 1 in text for typical reagents used for extractant formulations  
4.4.2. Talent vortexes the tube.  TEXT Overlay (as “then hold on ice” is narrated): hold samples on ice between manipulations
4.5. Use a microtip ultrasonicator to give the sample a brief low energy pulse and disperse any aggregates [1-CU-TXT].
4.5.1. Microtip ultrasonicator as talent uses it to give the sample a brief low energy pulse and disperse any aggregates.  TEXT Overlay: see text for sonication settings 
4.6. Clarify the extract by centrifugation [1-MED-TXT].  Finally, remove the supernatant and proceed to the affinity capture [2-CU].
4.6.1. Talent places the sample into the centrifuge, shuts lid and turns on.  TEXT Overlay:  20,000 x g, 10 min, 4°C
4.6.2. Tube as talent removes the supernatant.
5. Affinity capture
5.1. To prewash the affinity medium, place the tubes containing antibody-coupled paramagnetic beads on the magnet [1-MED].  The beads will accumulate on the side of the tube within seconds, permitting the storage solution to be removed [2-CU or ECU]. 
5.1.1. Talent places the tubes containing the prewashed antibody-coupled paramagnetic beads on the magnet.
5.1.2. Tube as the beads accumulate on the side of the tube and talent removes the storage solution.
5.2. Then, add 500 microliters of extraction buffer to the beads [1-MED-over the shoulder].  Briefly vortex at medium speed to mix [2-CU].  
5.2.1. Talent adds 500 microliters of extraction buffer to the beads from a labeled container.
5.2.2. Tube as talent vortexes it.
5.3. Pulse-spin the tubes in a mini-centrifuge to collect all contents to the bottom of the tube [1-MED-over the shoulder].  Then, place the tubes on the magnet and aspirate the solution [2-CU].
5.3.1. Talent pulse spins the sample tubes.
5.3.2. Tubes as talent places them onto the magnet and aspirates the solution.
5.4. Initiate the affinity capture by transferring the clarified cell extract to the tubes containing pre-washed affinity medium and vortex briefly [1-MED].
5.4.1. Talent transfers the clarified cell extract to the tubes containing pre-washed affinity medium and vortexes.
5.5. Incubate the tubes for 30 minutes at 4 degrees Celsius with continuous gentle mixing on a rotator wheel [1-MED-over the shoulder]; the beads should remain suspended throughout the incubation [2-CU].
5.5.1. Talent places the tubes on a rotator wheel and turns the rotation on.
5.5.2. Tubes as they rotate on the rotator wheel.
5.6. Aspirate the supernatant and wash the beads three times with 1 milliliter of cold extraction buffer [1-MED-TXT].  
(Author Note: After the 3rd wash, the beads should be pulse spun briefly to collect all the solution at the bottom, this permits removal of the last few uls of solution before eluting in LDS. This has the effect of ensuring eluate samples have a uniform volume, and it ensures the elution is efficacious as the elution solution is not diluted by residual washing buffer (which can also contribute to salt effects and alter the migration of proteins in SDS-PAGE).
5.6.1. Talent aspirates the supernatant and adds cold extraction buffer to the tubes.  TEXT Overlay: wash 3x; after 3rd wash, briefly spin the beads to collect all solution prior to elution
5.6.2. Talent begins to elute the protein in a denaturing manner.
5.7. To elute the proteins, add SDS-PAGE sample buffer, without reducing agent, to mitigate the release of antibody chains from the beads [1-CU-TXT].  Incubate for 5 to 10 minutes at room temperature with agitation [2-MED-over the shoulder].
5.7.1. Sample as talent adds SDS-PAGE sample buffer there without reducing agent.  TEXT Overlay: native or denaturing elution can be used
5.7.2. Talent puts the tubes with sample buffer on to an agitator to incubate.
(Erin Note: Regarding SDS-PAGE, Authors noted “We did not film this aspect as it did not make sense to do so with mock samples. I can send example images to use in the publication though.” It’s unclear what was actually filmed.) 

5.8. Collect and save the supernatant [1-MED].  Then, subject the samples to SDS-PAGE followed by protein staining using standard techniques [2-MED-over the shoulder].  
5.8.1. Talent collects and saves the supernatant.
5.8.2. SDS-PAGE gel as talent loads the sample there. (Videographer Note: Was not filmed, and a loading sample image will be provided by Authors.)  
5.9. Individual protein bands may be excised for identification or the entire sample may be characterized in a single analysis by electrophoresing the sample only briefly [1-CU].
5.9.1. Gels representing two types of samples (bands and whole samples) as talent places them on a gel light to look at them. (Videographer Note: Not filmed, shot or image will be provided by Authors)
6. Results: Comparing some different aspects of affinity capture optimization
6.1. The material comprising the insoluble medium used for the affinity capture can affect the recovered proteome [1-LM].
6.1.1. 54518_LaCava_Panel I_A-C – Editors, please show this figure on its own here.  Authors, please provide a version of figure 1, panel I, A-C by itself and remove the I, A, B, and C labels for the video.
6.2. Shown here are magnetic beads [1-LM], traditional agarose [t 2-LM], and iron impregnated agarose [3-LM].  Each medium was coupled to anti-FLAG M2 antibodies and used to capture FLAG-tagged bacterial alkaline phosphatase spiked into extracts produced from cryomilled HEK 293 cells [4-LM].
6.2.1. 54518_LaCava_Panel I_A-C – Editors, please highlight the first lane on the gel.
6.2.2. 54518_LaCava_Panel I_A-C – Editors, please highlight the second lane on the gel.
6.2.3. 54518_LaCava_Panel I_A-C – Editors, please highlight the third lane on the gel.
6.2.4. 54518_LaCava_Panel I_A-C – Editors, please show this figure on its own here.
6.3. Micron-scale magnetic beads showed the cleanest profile, indicating a relatively low level of non-specific protein adsorption [1-LM]. 
6.3.1. 54518_LaCava_Panel I_A-C – Editors, please highlight the band in the the first lane on the gel.
6.4. The method of cell lysis can also affect the recovered proteome.  Here, an endogenous protein complex was [1-LM] subjected to affinity capture from cyromilled [2-LM] or sonicated cell extracts [3-LM].  Fewer high mass contaminants were observed when the cell extract was produced from cryomilled cell powder [4-LM]. 
6.4.1. 54518_LaCava_Panel I_D-E – Editors, please show this figure on its own here.  Authors, please provide a version of figure 1, panel I, D-E by itself and remove the I, D and E labels for the video.
6.4.2. 54518_LaCava_Panel I_D-E – Editors, please highlight the left lane here.
6.4.3. 54518_LaCava_Panel I_D-E – Editors, please highlight the right lane here.
6.4.4. 54518_LaCava_Panel I_D-E – Editors, please zoom into the top portion of the figure and highlight the black line on the top right to emphasize the high mass contaminants.
6.5. To discriminate bona fide physiological interactors of the protein of interest from false positives [1-LM], affinity capture was carried out on HEK-293T cell extracts in the standard way [2-LM].
6.5.1. 54518_LaCava_Panel II – Editors, please show this figure on its own here.  Authors, please provide a version of figure 1, panel II by itself.
6.5.2. 54518_LaCava_Panel II – Editors, please outline the first two lanes (labeled “Std.” on the figure).  
6.6. After capture, elution of the bound material was achieved via non-denaturing elution with 1 milligram per milliliter of 3xFLAG peptide [1-LM] or via denaturing elution in SDS-PAGE sample buffer [2-LM].  
6.6.1. 54518_LaCava_Panel II – Editors, keeping the outline from the last point, highlight the 1st lane (labeled “N” under Std.).   
6.6.2. 54518_LaCava_Panel II – Editors, keeping the outline from the last point, highlight the 2nd lane (labeled “D” under Std.).  
6.7. The results show that anti-FLAG magnetic medium captures a detectable level of background proteins eluted with 3xFLAG peptide [1-LM].
6.7.1. 54518_LaCava_Panel II – Editors, keeping the outline, please highlight both the 1st and 2nd lanes.  
6.8. However, in the presence of 3xFLAG peptide to block the anti-FLAG paratopes on the affinity medium [1-LM], false positive binding to the affinity medium was eliminated to below the level of detection [2-LM].
6.8.1. 54518_LaCava_Panel II – Editors, please outline the last four lanes (labeled “PB 1” and “PB 10” on the figure).  
6.8.2. 54518_LaCava_Panel II – Editors, keeping the outline from the last point, also highlight the last four lanes.  
7. Conclusion (said by authors on camera)

7.1. John LaCava: While attempting this procedure, it’s important to remember to work careful, rapidly, and precisely.  Keep careful track of your procedures and any variations observed to learn which steps are most critical for your results [1-MED].
7.1.1. John speaks toward the camera, interview style.
7.2. John LaCava: Following this procedure, other methods like mass spectrometry, rate-zonal centrifugation, and electron microscopy can be performed to answer additional questions like the composition of the mixture, its level of homogeneity, and the size and shape of constituent macromolecular complexes [1-MED].
7.2.1. John speaks toward the camera, interview style.
7.3. John LaCava: After its development, affinity capture paved the way for researchers in the field of proteomics to explore the compositions of physiological protein complexes in unparalleled detail, which remains an ongoing global research effort [1-MED].
7.3.1. John speaks toward the camera, interview style.
7.4. John Lacava: After watching this video, you should have a good understanding of how to prepare mammalian cells for cryo-milling, how to mill cells, and how to execute an affinity capture of a protein of interest, yielding physically associated macromolecular complexes [1-MED].   
7.4.1. John 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.
54518_LaCava_Panel I_A-C - Authors, please provide a version of figure 1, panel I, A-C by itself and remove the I, A, B, and C labels for the video.
54518_LaCava_Panel I_D-E - Authors, please provide a version of figure 1, panel I, D-E by itself and remove the I, D and E labels for the video.
54518_LaCava_Panel II - Authors, please provide a version of figure 1, panel II by itself.
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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