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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___NO______  (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)___No_____ 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _2.6, 3.3, 3.14, 3.19, 3.22, 3.23__________________________________________

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 using the step numbers listed in this document. (Please do not list entire sections.) ____2.6, 3.14_______________________

E.  Will the filming need to take place in multiple locations? (Y/N) ___Yes____ If yes, how far apart are the locations? ___Locations are on the same floor of building._________________________

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 procedure is to generate inducible localization and affinity purification, or LAP (pronounced as “lap”), -tagged stable cell lines for investigating protein function, spatiotemporal localization, and protein interaction networks (Intro). 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jorge Torres: This method can help answer key questions in molecular and cell biology related to protein function, protein cell cycle subcellular localization and protein-protein interactions [1-MED].
1.1.1. Jorge speaks toward the camera, interview style.

1.2. Jorge Torres: The main advantage of this method is that it is amenable to high-throughput analyses of groups of proteins and can be used to dissect the protein components of biological pathways [1-MED].  

1.2.1. Jorge speaks toward the camera, interview style.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Michelle Bradley: The implications of this method extend toward understanding the complement and function of proteins within a disease pathway to better understand how misregulation of the pathway leads to disease pathology [1-MED].
1.3.1. Michelle speaks toward camera, interview style. 
1.4. Ivan Ramirez: Though this method can provide insight into the function of human proteins, it can also be applied to other organisms that have established cell culture systems [1-MED]. 
1.4.1. Ivan speaks toward camera, interview style. 

Protocol (read by voice talent at JoVE):
2. Generation of an Inducible Stable Cell Line that Expresses the LAP-tagged Gene of Interest
2.1. To begin this procedure, clone the open reading frame of the gene of interest into the LAP-tagged vector and transfect it into HEK293 cells as described in the text protocol [1-MED-over the shoulder].
2.1.1. Talent retrieves the transfected cells out of the incubator. 
2.2. One day post-transfection, replace the minus Tet DMEM/F12 (pronounced as “tet-DMEM F-twelve”) media with fresh media [1-MED-TXT].
2.2.1. Talent replaces the –Tet DMEM/F12 media with fresh media.  TEXT Overlay: -Tet DMEM/F12 = Dulbecco's Modified Eagle Medium/F12 devoid of Tetracycline
2.3. Two days post-transfection, split the cells to 25% confluence [1-CU].  Allow the cells approximately 5 hours to attach [2-MED-over the shoulder].  
2.3.1. Cells as talent splits them.
2.3.2. Talent places the cells into the incubator to attach.
2.4. Then, add Hygromycin-containing minus Tet DMEM/F12 media at the predetermined concentration [1-MED-TXT].  For HEK293 cells, use 100 micrograms per milliliter Hygromycin [2-CU].
2.4.1. Talent aspirates the Hygromycin-containing –Tet DMEM/F12 media from the labeled container.  TEXT Overlay: see text for determining concentration 
2.4.2. Cells as talent adds the Hygromycin-containing –Tet DMEM/F12 media.
2.5. Replace the media as needed until distinct cell foci appear that resemble opaque spots against the transparent plate [1-MED-over the shoulder].
2.5.1. Talent pulls the cells out of the incubator and inspects the cells showing that opaque spots appear against the transparent plate
2.6. Add 20 microliters of trypsin on top of each cell foci and pipet up and down 2 times with a 200 microliter pipet tip [1-CU].  Transfer the cells in a 24 well plate and expand the cells by continual growth in Hygromycin-containing minus Tet DMEM/F12 media [2-MED-over the shoulder].
2.6.1. Plate of cells with foci as talent adds 20 microliters of trypsin on top of each cell foci and pipets up and down 2 times with a 200 microliter pipet tip.
2.6.2. Talent transfers the cells in a 24 well plate.
3. Purification of LAP-tagged Protein Complexes
3.1. Expand the validated LAP-tagged cell line for tandem affinity purification, or TAP (pronounced as “tap”), isolation of protein complexes [1-MED].  To do so, continually passage all the HEK293 cells into larger plates and/or roller bottles in minus Tet DMEM/F12 media at 37 degrees Celsius and 5% CO2 [2-MED-over the shoulder].
3.1.1. Talent works at the hood to passage the cells.
3.1.2. Talent places the cells in larger plates and roller bottles with cells into the incubator. 
3.2. For Tet/Dox inducible cell lines, induce the cells for 10 to15 hours by adding a concentration of 0.2 micrograms per milliliter Tet/Dox when the cells reach approximately 70% confluency [1-CU-TXT].
3.2.1. Cells as talent adds the Tet/Dox there.  TEXT Overlay: Tet/Dox = Tetracycline/ Doxycycline 
3.3. Harvest the cells by agitation or trypsinization [1-MED].  Then, pellet them at 875 x g for 5 to 10 minutes [2-MED-over the shoulder].
3.3.1. Talent agitates or trypsinizes cells to harvest them.
3.3.2. Talent places the cells into the centrifuge, shuts lid and starts run.
3.4. To couple the anti-GFP antibody to protein A beads, equilibrate 160 microliters of packed volume Protein A beads with PBST in a 1.5 milliliter tube [1-CU-TXT].  
3.4.1. 1.5 mL tube with beads as talent equilibrates 160 microliters of packed volume Protein A beads into PBST.  TEXT Overlay: phosphate buffered saline + 0.1% Tween-20
3.5. Wash the beads 3 times with 1 milliliter of PBST [1-MED-over the shoulder].  Following each wash step throughout this procedure, the beads are centrifuged at 5,000 x g for 10 seconds and the supernatant is removed [2-MED].
3.5.1. Talent pipettes PBST from a labeled container to the beads.
3.5.2. Talent pulls the centrifuged beads out of the centrifuge and begins to remove the supernatant.
3.6. After resuspending the beads in 500 microliters of PBST, add 80 micrograms of affinity-purified rabbit anti-GFP antibody to each tube containing 160 microliters of beads [1-MED-over the shoulder].  Mix for 1 hour at room temperature [2-CU].
3.6.1. Talent adds 80 micrograms of affinity-purified rabbit anti-GFP antibody to each tube of 160 microliter beads.  Use labeled containers.
3.6.2. Tube as it mixes at room temperature.
3.7. Wash the beads 2 times with 1 milliliter of PBST [1-MED].  Then, wash the beads 2 times with 1 milliliter of 0.2 Molar sodium borate, pH 9 [2-MED-over the shoulder-TXT].  After the final wash, add 900 microliters of the sodium borate buffer to bring the final volume to 1 milliliter [3-CU].
3.7.1. Talent washes the beads with PBST from a labeled container.
3.7.2. Talent washes the beads with 1 milliliter of 0.2 Molar sodium borate, pH 9 from a labeled container.  TEXT Overlay: 0.2 Molar sodium borate, pH 9 = 20 mL 0.2 M sodium borate + 15 mL 0.2 M boric acid
3.7.3. Beads as talent adds 0.2 Molar sodium borate, pH 9, to bring the final volume to 1 milliliter.
3.8. Then, add 100 microliters of 220 milliMolar DMP to the bead suspension for a final concentration of 20 milliMolar [1-MED-over the shoulder-TXT].  Rotate the tubes gently at room temperature for 30 minutes [2-CU]. 
3.8.1. Talent adds the prepared 220 mM DMP from a labeled container.  TEXT Overlay: DMP = dimethylpimelimidate  
3.8.2. Tubes as the rotate gently at room temperature.
3.9. After incubation with DMP, wash the beads 1 time with 1 milliliter of 0.2 Molar ethanolamine, 0.2 Molar sodium chloride, pH 8.5, to inactivate the residual crosslinker [1-MED].
3.9.1. Talent washes the beads with 1 milliliter of 0.2 Molar ethanolamine, 0.2 Molar sodium chloride, pH 8.5, from a labeled container.
3.10. Then, resuspend the beads in 1 milliliter of the same buffer [1-CU] and rotate for 1 hour at room temperature [2-MED-over the shoulder].  
3.10.1. Beads as talent resuspends in 1mL of 0.2 Molar ethanolamine, 0.2 Molar sodium chloride, pH 8.5 from a labeled container.
3.10.2. Talent leaves the beads to rotate at room temperature.
3.11. After pelleting the beads, resuspend them in an additional 500 microliters of the buffer [1-CU].  The prepared beads are stable for several months at 4 degrees Celsius [2-MED].
3.11.1. Beads as talent resuspends them in 500 microliters of 0.2 Molar ethanolamine, 0.2 Molar sodium chloride, pH 8.5 from a labeled container.
3.11.2. Talent places the beads into the refrigerator.
3.12. To prepare the cell lysates, resuspend 500 microliters of packed cell volume into 2.5 milliliters of LAP300 with 0.5 milliMolar DTT, and protease inhibitors [1-MED-over the shoulder-TXT].  Add 90 microliters of 10% nonyl phenoxypolyethoxylethanol (pronounced as “noh-nil fee-nok-si pol-ee e-thok-sil eth-uh-nawl”) and mix by inversion [2-CU-TXT].
3.12.1. Talent resuspends 500 microliters of the PCV in 2.5 mL of LAP300 with DTT and protease inhibitors.  Use labeled containers.  TEXT Overlay: see text for LAPX buffer preparation, DTT = dithiothreitol
3.12.2. Cells as talent adds 90 microliters of 10% nonyl phenoxypolyethoxylethanol and mixes by inversion.  Use labeled containers.  
3.13. Place the mixture on ice for 10 minutes [1-MED-over the shoulder].  Centrifuge at 21,000 x g for 10 minutes [2-MED]. Following centrifugation, collect this low speed supernatant, and set aside a 10 microliter sample for gel analysis [3-CU].
3.13.1. Talent places the mixture on ice.
3.13.2. Talent places the sample into the centrifuge.
3.13.3. Talent collects the supernatant and reserves some for gel analysis.
3.14. After transferring the low speed supernatant to a TLA100.3 (pronounced as “T-L-A one hundred point three) tube, spin at 100,000 x g for 1 hour at 4 degrees Celsius [1-MED-over the shoulder].  Collect this high speed supernatant, in a tube and place on ice, reserving a 10 microliter sample for gel analysis [2-CU].
3.14.1. Talent places the tube with transferred low speed supernatant into the centrifuge.
3.14.2. Sample as talent collects the supernatant in a tube and places on ice, reserving 10 microliters for gel analyses.   
3.15. For the first affinity capture through binding to anti-GFP beads, pre-elute the antibody coupled beads by washing them 3 times with 1 milliliter of elution buffer to remove the uncoupled antibodies and reduce background [1-MED-TXT].  Perform this quickly; do not leave beads in high salt for a long time [2-CU-TXT].
3.15.1. Talent washes the antibody coupled beads with 1 milliliter of elution buffer.  Use labeled containers.  TEXT Overlay: elution buffer = 3.5 M MgCl2 with 20 mM Tris, pH 7.4
3.15.2. Tube of beads with elution buffer as talent places them into the centrifuge.  TEXT Overlay:  wash beads 3x
3.16. Then, wash the beads 3 times with 1 milliliter of LAP200N (pronounced as “lap two hundred N”) [1-MED-over the shoulder].  Next, mix the high speed supernatant extract with antibody beads for 1 hour at 4 degrees Celsius [2-CU].  After centrifuging the extract at 21,000 x g for 10 minutes, reserve a 10 microliter sample of the supernatant for gel analysis [3-MED].
3.16.1. Talent washes the beads with LAP200N from a labeled container.   
3.16.2. High speed supernatant as talent mixes with the antibody beads.  Use labeled containers.
3.16.3. Talent pulls the extract from the centrifuge and takes a 10 microliter sample of supernatant.
3.17. Perform 3 quick washes of the beads with 1 milliliter of LAP200N containing 0.5 milliMolar DTT and protease inhibitors [1-CU].  Use the same buffer to wash the beads 2 additional times with a 5 minute incubation time for each wash [2-MED-over the shoulder].
3.17.1. Beads as talent adds 1 milliliter of LAP200N containing 0.5 milliMolar DTT and protease inhibitors from a labeled container.
3.17.2. Talent adds 1 milliliter of LAP200N containing 0.5 milliMolar DTT and protease inhibitors to the beads and starts the timer to count down from 5 minutes.
3.18. Then, wash the beads quickly 2 more times with 1 milliliter of LAP200N containing 0.5 milliMolar DTT and no protease inhibitors before adding the tobacco etch virus, or TEV, protease [1-MED].
3.18.1. Talent finishes up pipetting of beads in LAP200N with 0.5 milliMolar DTT and no protease inhibitors and places the tubes into the centrifuge.
3.19. Add 10 micrograms of the TEV protease in 1 milliliter of LAP200N to the beads and rotate the tubes at 4 degrees Celsius overnight [1-CU]. 
3.19.1. Beads as talent adds 10 micrograms of TEV protease in 1 milliliter of LAP200N there.
3.20. The next day, pellet the beads and transfer the supernatant to a fresh tube [1-MED-over the shoulder].  Rinse the beads twice with 160 microliters of LAP200N containing 0.5 milliMolar DTT and protease inhibitors to remove any residual protein [2-MED-TXT]. 
3.20.1. Talent pulls the tubes out of the centrifuge and begins to transfer the supernatant to a fresh tube.
3.20.2. Talent pipettes160 microliters LAP200N with 0.5 milliMolar DTT and protease inhibitors onto the beads from a labeled container.  TEXT Overlay: take a 10 µL of the supernatant for gel analysis
3.21. For the second affinity capture through binding to S protein agarose, wash 1 tube of 80 microliters S protein agarose slurry 3 times with 1 milliliter of LAP200N [1-MED].
3.21.1. Talent washes 1 tube of 80 microliters S protein agarose slurry with LAP200N.  Use labeled containers.
3.22. Add the TEV eluted supernatant to the S protein agarose beads and rock them for 3 hours at 4 degrees Celsius [1-CU].  After pelleting the beads, wash them 3 times with 1 milliliter of LAP200N containing 0.5 milliMolar DTT and protease inhibitors [2-MED].  Then, wash the beads 2 times with 1 milliliter of LAP100 [3-CU].
3.22.1. S protein agarose beads as talent adds the TEV eluted supernatant there.
3.22.2. Talent pulls the tubes out of the centrifuge and begins to wash them with LAP200N with 0.5 milliMolar DTT and protease inhibitors.
3.22.3. Beads as talent adds 1 milliliter of LAP100 to them to wash them.  Use labeled containers.
3.23. Elute the proteins off the S protein agarose by adding 50 microliters of 4x Laemmli sample buffer and heating at 97 degrees Celsius for 10 minutes [1-MED-over the shoulder].
3.23.1. Talent adds 50 microliters of 4x Laemmli sample buffer from a labeled tube and places on a 97 degrees Celsius heat block.
4. Identify Interacting Proteins by Mass Spectrometry Analysis
4.1. To identify interacting proteins by mass spectrometry analysis, test the quality of the purification by analyzing the collected samples by sodium dodecyl sulfate polyacrylamide gel electrophoresis [1-MED-over the shoulder-TXT].  Silver stain the resulting gel [2-CU].
4.1.1. Talent loads a SDS-PAGE gel.  TEXT Overlay: SDS-PAGE = sodium dodecyl sulfate polyacrylamide gel electrophoresis
4.1.2. Gel as talent places in silver stain.   
4.2. Also, immunoblot the eluates and probe with anti-GFP antibodies to ensure that the LAP-tagged purification worked [1-MED].
4.2.1. Talent sets up the immunoblot.
4.3. To identify stoichiometric and substoichiometric co-purifying species, take the final elution sample and separate it by SDS-PAGE [1-CU].  Stain the gel with a mass spectrometry compatible protein stain [2-MED-over the shoulder].
4.3.1. Gel as talent loads the lanes.
4.3.2. Talent places the gel into stain after running the gel. 
4.4. Excise the most prominent bands in the gel and the space in between them to process the bands separately for analysis by mass spectrometry [1-CU].
4.4.1. Gel as talent excises the bands for MS analysis
5. Results: Evaluation of a LAP-Tau HEK293 inducible cell line
5.1. Shown here is a representative western blot analysis of the protein samples [1-LM] from non-induced [2-LM] and Dox induced LAP-Tau HEK293 cells [3-LM].
5.1.1. 5.1-1_Torres_Figure3.pptx – Editors, please show the figure as it is here. 
5.1.2. 5.1-1_Torres_Figure3.pptx – Editors, please highlight the “non-induced” label. 
5.1.3. 5.1-1_Torres_Figure3.pptx – Editors, please highlight the “induced” label. 
5.2. The cells are probed with anti-Tubulin antibodies to detect the Tubulin loading control [1-LM] and probed with anti-GFP to detect the LAP-tagged Tau protein.  Note that LAP-Tau is only expressed when the cells are induced with Dox [2-LM].
5.2.1. 5.1-1_Torres_Figure3.pptx – Editors, please highlight the two bands in the “α-Tub” row.
5.2.2. 5.1-1_Torres_Figure3.pptx – Editors, please highlight the band in the “α-GFP” row.
5.3. Mitotic cells expressing LAP-Tau were fixed and co-stained [1-LM] for DNA [2-LM] and Tubulin with anti-tubulin antibodies [3-LM], and the subcellular localization of LAP-tau was analyzed by fluorescence microcopy [4-LM]. Note that LAP-Tau localizes to the mitotic spindle and spindle poles during mitosis [5-LM]. 
5.3.1. 5.3-1_Torres_Figure4.pptx – Editors, please show the figure as it is here.  
5.3.2. 5.3-1_Torres_Figure4.pptx – Editors, please box out-highlight the left-most panel labeled “DNA.”
5.3.3. 5.3-1_Torres_Figure4.pptx – Editors, please box out-highlight the panel labeled “Tub.”
5.3.4. 5.3-1_Torres_Figure4.pptx – Editors, please box out-highlight the panel labeled “Tau.”
5.3.5. 5.3-1_Torres_Figure4.pptx – Editors, please box out-highlight the panel labeled “Merge.”
5.4. Shown here is a representative silver stained gel of the LAP-Tau purification.  The lanes represent [1-LM] the molecular weight [2-LM], the cleared lysates [3-LM], and the final eluates [4-LM].  Samples were run on a 4 to 20% SDS-PAGE gel, and the gel was silver stained to visualize the purified proteins [5-LM].
5.4.1. 5.4-1_Torres_Figure5.pptx – Editors, please show the figure as it is here.  
5.4.2. 5.4-1_Torres_Figure5.pptx – Editors, please highlight the lane labeled “MW.”  
5.4.3. 5.4-1_Torres_Figure5.pptx – Editors, please highlight the lane labeled “CL.”
5.4.4. 5.4-1_Torres_Figure5.pptx – Editors, please highlight the lane labeled “E.”    
5.4.5. 5.4-1_Torres_Figure5.pptx – Editors, please show the figure as it is here without highlighting.
5.5. Note that a band corresponding to LAP-Tau is marked with an asterisk and several other bands corresponding to co-purifying proteins can be seen [1-LM].
5.5.1. 5.4-1_Torres_Figure5.pptx – Editors, please highlight the band with the asterisk in the lane labeled “E.”  
6. Conclusion (said by authors on camera)

6.1. Michelle Bradley: After watching this video, you should have a good understanding of how to generate inducible LAP-tagged stable cell lines and how to perform biochemical purifications of LAP-tagged proteins for proteomic analyses and identification of protein interaction networks [1-MED].
6.1.1. Michelle 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.
5.1-1_Torres_Figure3.pptx  
5.3-1_Torres_Figure4.pptx 

5.4-1_Torres_Figure5.pptx
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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