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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____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_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__2.1, 2.3, 2.8, 2.10, 2.13, 2.20 or 2.22________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  __temperature control, ensure that steps are planned ahead of time and move quickly between temperatures.____________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  

Procedural Narrative:
The overall goal of this procedure is to  label proteins that reside at the cell surface with a cell membrane impermeable form of biotin containing a disulfide bond in order to quantify protein trafficking  through the endocytic and recycling compartment. (Intro)

This is accomplished by first  labeling lysine residues in the extracellular domains of plasma membrane proteins at 4 ºC (P1)

The second step is to induce endocytosis of biotinylated plasma membrane proteins by warming the cells to 37 ºC for specific periods of time (P2)

Next, cells are cooled again to 4 ºC  to stop intracellular trafficking and the  biotin is cleaved off with a cell membrane impermeable reducing agent so that the proteins that remain labeled are only those that were endocytosed and thus are protected from the reducing agent. (P3)

The final step is to lyse the cells and incubate the lysates with streptavidin beads to isolate the biotinylated proteins. (P4)

Ultimately, the biotinylated proteins are eluted from beads and separated on a protein gel and the protein of interest is detected by immunoblotting followed by  densitometry to quantify its endocytosis and recycling.
. (P5)

NOTE TO VIDEO-EDITORS:  Schematic figure still to come. 

B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   
· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    
· Enter the name of the individual who will say each line. 
· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Agnieszka Swiatecka-Urban: This technique can be used to investigate diseases that  result from a trafficking defect of cell surface proteins such as transporters, channels or receptors.
1.2. Kristine Cihil: Generally, the reason for the assay not giving consistent results is a lack of strict temperature control.


Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. ENDOCYTIC ASSAY: Biotinylation of the apical membrane domain
2.1. To biotinylate the cell surface proteins, culture the cells [Text over video: CFTR endocytosis in CFBE41o- cells] on six 24mm filters. Transfer the filters quickly to cold PBS on ice, allowing the buffer to quickly cover the entire apical surface. 
2.1.1. MED: Talent approaches hood with CFBE41o- cultures that are seeded on six 24mm filters. 
2.1.2. CU: Talent transfers the filters quickly to a plate filled with cold PBS on ice, allowing the buffer to quickly cover the entire apical surface. 

2.2. Then transfer the plate on ice to the cold room, and set on the bench top. Hold the filters in place, and turn the plate upside down to remove buffer quickly. Then add 2 ml of PBS to the apical and basolateral side.
2.2.1. MED: Talent enters cold room with plate on ice and sets the plate  on the bench top. 
2.2.2. CU: Talent holds the filters in place, and turns the plate upside down to remove buffer quickly. 
2.2.3. ECU: Talent  adds 2 ml of PBS to the apical and basolateral side.

2.3. After two minutes, suction off the wash from one side at a time and add fresh PBS to one side at a time [Text over video: wash 3 times]. 
2.3.1. CU/ECU: Talent  suctions off the wash from one side at a time.
2.3.2. ECU: Talent adds fresh PBS to one side at a time. 

2.4. Aspirate off the last wash and add 1 ml of PBS to the basolateral side, 1.5 ml of the biotin buffer to the apical side, and incubate in the dark for 30 minutes. 
2.4.1. CU: Talent aspirates off the last wash and adds 1 ml of PBS to the basolateral side, 1.5 ml of the biotin buffer to the apical side.
2.4.2. MED: Talent sets plate in the dark. 

2.5. Now suction off the biotin buffer from the apical side,  and wash three times with  PBS for 2 minutes each. 
2.5.1. CU: Talent suctions off the biotin buffer from the apical side.
2.5.2. ECU: Talent adds PBS wash.

2.6. In a different plate, set two filters and add ~ 2 ml of PBS to the apical and basolateral side, and then store the plate in the cold room. 
2.6.1. CU:In a different plate, Talent sets two filters, and  adds ~ 2 ml of PBS to the apical and basolateral side. 
2.6.2. LAB MEDIA: Table 1: highlight Samples:  a and b,

2.7. Keep the remaining 4 filters in one plate and add ~2 ml of PBS on the apical and basolateral side of each filter. Now, take the plate on ice to the bench top next to a 37 ºC incubator. 
2.7.1. MED: Talent indicates the remaining 4 filters in one plate and adds ~2 ml of PBS on the apical and basolateral side of each filter
2.7.2. LAB MEDIA: Table 1: highlight samples c
2.7.3.  CU: Talent adds ~2 ml of PBS on the apical and basolateral side of each filter. 
2.7.4. MED: With the plate on ice, Talent  approaches a bench top next to a 37 ºC incubator. 

2.8. Quickly transfer the filters to PBS in the plate in the 37 ºC incubator, covering the entire surface of each filter with warm PBS. Incubate one filter each precisely for specific time-points [Text over video: 2.5, 5.0, 7.5, or 10 mins]. 
2.8.1. CU/ECU: Talent quickly transfers the filters to PBS in the plate in the 37 ºC incubator, and covers the entire surface of each filter with warm PBS.
2.8.2. MED: Talent sets timer. 

2.9. During the incubation, completely fill four wells in the plate on ice with cold PBS. 
2.9.1. MED/CU: Talent completely fills four wells in the plate on ice with cold PBS. 

2.10. After the indicated time of incubation, turn each filter upside down to drain the warm PBS, and transfer the filter to the plate on ice. Add the cold PBS to overflow the apical side, and cover the entire surface of each filter quickly.
2.10.1. CU/ECU:  Talent turns a filter upside down to drain the warm PBS, and transfers the filter to the plate on ice and allows the cold PBS to overflow the apical side
2.10.2. [bookmark: _GoBack]CU: Taletn adds the cold PBS to overflow the apical side, and covers the entire surface of each filter quickly. 

2.11. Move the samples to the cold room and set on the bench top. Suction off PBS from both sides in all filters and fill the basolateral side with 1 ml of PBS, now using PBS at pH 8.6. 
2.11.1. MED: Talent approaches bench top in cold room, and sets the samples down
2.11.2. ECU: Talent suctions off PBS from both sides in last filter.
2.11.3. CU: Talent fills the basolateral side with 1 ml of PBS, (show label pH 8.6). 

2.12. Next, add 1.5 ml of PBS at pH 8.6 to the apical side of the filter A.
2.12.1. CU: Talent adds 1.5 ml of PBS atpH 8.6, to the apical side of the filter
2.12.2. LAB MEDIA: Table 1: highlight sample a. 

2.13. Then add 1.5 ml of GSH buffer to the apical side  of the remaining filters to reduce the disulfide bond in the biotin attached to the apical membrane proteins. 
2.13.1. MED/CU: Talent adds 1.5 ml GSH buffer to the apical side  of the remaining filters (show label of buffer). 

2.14. Incubate for 15 minutes and repeat six times. Keep 1 ml of PBS pH 8.6 on the basolateral side and avoid spilling the buffer to the basolateral side.  
2.14.1. MED-over-the-shoulder: Talent turns off timer at 15 mins and aspirates off buffer.
2.14.2. CU/ECU: Talent indicates 1 ml of PBS pH 8.6 on the basolateral side, and adds 1.5 ml GSH buffer to the apical side (without spilling over).

2.15. Now rinse all the filters twice with PBS. Suction off the wash from both sides, set the plate with filters at a 45 degree angle to drain all the wash, and suction again.
2.15.1. MED/CU:Talent adds PBS rinse to several filters.
2.15.2. CU: Talent aspirates off the wash from both sides, 
2.15.3. ECU: Talent sets the plate with filters at a 45 degree angle to drain all the wash, and suctions again.

2.16. Then place the plate flat on the bench top, add 500 µl of lysis buffer to the apical side of each filter, and incubate on a shaker in the cold room for 15 minutes.
2.16.1. CU: Talent places the plate flat on the bench top and adds 500 µl of lysis buffer to the apical side of several filters. 
2.16.2. MED/CU: Talent places the plate on a shaker in the cold room 

2.17. Havest the cells by scraping, and collect them in a 1.5ml Eppendorf tube. Then centrifuge the samples at 14,000 X g for 10 minutes at 4˚ C.
2.17.1. MED/CU: Talent scrapes off the cells with a rubber policeman.
2.17.2. CU: Talent transfers the cells to a 1.5ml Eppendorf tube. 
2.17.3. MED: Talent places the  samples in the centrifuge and starts run at 14,000g for 10 minutes at 4˚ C. 

2.18. Transfer the supernatants of whole cell lysates to fresh 1.5 ml tubes and discard the pellets.
2.18.1. CU/ECU: Talent transfers the supernatant of a whole cell lysate to  a fresh 1.5 ml tube, and discards the pellets (get shot of the size of the pellet)

2.19. Add 100µl of Laemli sample buffer with DTT to 50µl of each whole cell lysate [Text over video: 10% of the entire WCL], and incubate at 37° C for 30 minutes.
2.19.1. MED/CU: Talent adds 100µl of Laemli sample buffer with DTT to 50µl of each whole cell lysate (get shot of whole series of samples on a rack)
2.19.2. MED: Talent places samples at  37° C.

2.20. Next, prepare 200 µl aliquots of 50% streptavidin agarose. Remove all the wash buffer with a 27g needle attached to a suction.  Wash the resin twice with 1 ml of PBS and  once with 1 ml of  lysis buffer. Suction dry the agarose, and add the remaining whole cell lysates.	
2.20.1. MED/CU: Talent transfers 200 µl aliquots of 50% streptavidin agarose to a tube.
2.20.2. ECU: Talent removes all the wash buffer with a 27g needle attached to a suction.  
2.20.3. MED: Talent adds 1 ml of PBS wash.
2.20.4. ECU: Talent adds 1 ml of  lysis buffer to the resin pellet. 
2.20.5. CU: Talent suctions dry the agarose, and adds the remaining whole cell lysates.	

2.21. Bring the volume up to 1.2 ml with lysis buffer and rotate in the dark for at least 2 hours or overnight in the cold room. 
2.21.1. ECU: Talent adds lysis buffer  to bring the volume up to 1.2 ml.
2.21.2. MED: Talent  places samples on rotator in the dark.

2.22. Wash the streptavidin agarose–biotinylated protein complexes three times with 1ml of lysis buffer, with a pulse spin between washes. Suction dry the resin after the last wash. 
2.22.1. MED/CU: Talent adds 1ml of lysis buffer to wash the streptavidin agarose–biotinylated protein complexes.
2.22.2.  CU: Talent places samples in centrifuge for a pulse spin.
2.22.3. ECU: Talent suction dries the resin. 

2.23. Now incubate the streptavidin agarose–biotinylated protein complexes with 65µl of Laemli sample buffer with DTT at 85˚ C for 5 minutes. Pulse spin, and collect the eluted biotinylated protein complexes.
2.23.1. MED/CU: Talent adds with 65µl Laemli sample buffer with DTT to the streptavidin agarose–biotinylated protein complexes.
2.23.2. MED-over-the-shoulder: Talent removes samples from 85˚ C. 
2.23.3. CU: Talent pulse spins the samples.
2.23.4. ECU: Talent transfer an eluted supernatant to a fresh tube (show size of pellet of resin).

2.24. On a 7.5% denaturing gel, load 40µl of the  whole cell lysate samples and the entire volume of the biotinylated samples in separate wells.  Run gels at 120 V in SDS-containing running buffer. 
2.24.1. CU/ECU: On a denaturing gel, Talent loads 40µl of the  whole cell lysate samples, and the entire volume of a biotinylated sample in adjacent wells. 
2.24.2. MED-over-the-shoulder: Talent starts run  of the gel at 120 V.


2.25. Transfer the proteins to a PVDF membrane at 90-95 V for 1.5 hours in a transfer buffer without SDS. Block the membrane [Text over video: 5% non-fat milk in 0.1% TBS-T] overnight. 
2.25.1. MED-over-the-shoulder: Talent sets up transfer  the proteins to a PVDF membrane in transblot apparatus (show  90-95 V). 
2.25.2. CU: Talent transfers the membrane to 5% non-fat milk in 0.1% TBS-T, and places on a shaker. 

2.26. Then blot both membranes with anti-CFTR mouse monoclonal antibody, and a goat anti-mouse HRP-conjugated secondary antibody. 
2.26.1. ECU: Talent blots both membranes with anti-CFTR mouse monoclonal antibody (show label on reagent), 
2.26.2. MED/CU: Talent adds a goat anti-mouse HRP-conjugated secondary antibody (show label of reagent). 

2.27. Visualize the western blots by chemiluminescence. Then re-probe both membranes with either anti-ezrin or anti-actin antibody.
2.27.1. MED-over-the-shoulder: Talent visualizes the western blots by chemiluminescence. 
2.27.2. MED/CU: Talent places either anti-ezrin or anti-actin antibody in ice bucket..


3. Results: CFTR endocytosis in CFBE41o- cells
3.1. In this experiment, endocytosis of the cystic fibrosis transmembrane conductance regulator was studied in a human cell line that was derived from bronchial epithelial cells and cultured on collagen-coated filters. 
3.1.1. LAB MEDIA: Figure 1A, C, and D

3.2. The biotinylated CFTR was visualized by Western blotting with mouse monoclonal antibody, clone 596 and an anti-mouse horseradish peroxidase antibody using the Western blotting detection system followed by chemiluminesence. 
3.2.1. LAB MEDIA: Figure 1A

3.3. After quantification of biotinylated CFTR, endocytosis of the regulator was calculated, and expressd as the percent of biotinylated CFTR endocytosed with time.
3.3.1. LAB MEDIA: Figure 1B

3.4. A plot of the data shows that CFTR endocytosis was linear between 0 and 7.5 minutes. 
3.4.1. LAB MEDIA: Figure 1C



INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj


4. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.


4.1 Kristine Cihil: For a successful experiment,  remember to move quickly between warming and cooling phases, and to keep a constant 4 ºC temperature during the assay by performing the experiment in a cold room.

 4.2. Agnieszka Swiatecka-Urban: After watching this video, you should have a good understanding of how to quantify endocytosis and recycling of cell surface proteins using the biotinylation based endocytic and recycling assay.

       

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, 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, as well as an introduction to your videographer, closer to your filming date.
 2011, Journal of Visualized Experiments

