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Title: Studying Protein Function and the Role of Altered Protein Expression by Antibody Interference and Three-Dimensional Reconstructions 
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Yes. 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.  From the steps you’ve indicated that you would like filmed, which steps of your protocol will viewers benefit most from having filmed? 
Please highlight 4-6 steps in this document that are most important to have filmed.  It will help the videographer set the filming priorities.
D.  Will the filming need to take place in multiple locations?  Yes, 20 minutes by car.  This shouldn’t be a problem as there are only 41 shots including the interviews, needed to film the protocol.
We have now arranged for filming at one location only.
1. Introduction (Schematic Overview and Interview)
A. The Schematic Overview (read by voice talent at JoVE):
The overall goal of the following experiment is to study protein functions and the role of altered protein expression in an efficient and tightly controlled manner. (Intro)  This is achieved by applying antibodies to reduce the amount of functional protein available to the cell. (P1)  To accomplish this, antibodies are coupled to a peptide named Chariot, which mediates a passage across cellular membranes. (P2)  Next, cellular structures of interest are imaged and 3D-reconstructed in order to evaluate effects of the treatment. (P3)  The results reveal that Chariot peptides are particularly well suited to target nuclear proteins by antibody interference. (P4)

Video editor:
Using the three provided graphics, always include the text below but obviously remove all the “P1” labels throughout.

P1 – animate the red ‘Y’s shrinking down into the cells, following the arrow’s pattern.

P2 – animate the green dots and ‘Y’s entering the tube graphic.   Next, animate these being poured out onto the pink plate, change the text below.  Finally, animate the dot/Y’s moving across plate to all meet in the central blue portion of the plate.  Time it out so the plate portion couples to the “which mediates…” half of narrative.

P3 – First just change the text below, then fade on the center image of the cell, translucent above and to the side of the plate, slide the plate left and place the new image right with 50% overlap.  

P4 – (continue using P3 titled graphic) Zoom into the new image and transition to the third part of the animation.  Fig 5B could also be shown, but is not really needed.
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B.  Introductory Interview (said by you on camera -- don’t forget to smile!)  
1.1. Regina Dahlhaus: The main advantages of this technique over existing methods, like RNA interference, are that the antibodies shuttled into the cell are effective immediately and that the researcher may strictly control the degree of interference by adjusting antibody dosages.
1.2. Regina Dahlhaus: Though this method can provide insight into protein functions in many cell types, it is particularly interesting for targeting proteins in primary neuronal cultures, which are very sensitive to treatments, but tolerate Chariot very well.  Since traditional transfection reagents such as Lipofectamine are inefficient in these cells and viral transfections intricate, Chariot might facilitate research in this field.
C. The Protocol Section (read by voice talent at JoVE)
2. Preparations
2.1. In preparation, resuspend lyophilized Chariot peptide powder [2.1.1-WID] in sterile water at 2 µg per µl. [2.1.2-MED]
2.1.1. Establishing shot, show talent weighing powder adding water. Talent get the Chariot from the Freezer.
2.1.2. Adding water to powder and mixing

2.2. Tap the tube carefully to mix the powder into solution. [CU]

2.2.1. Film as written

2.3. Then, prepare small working aliquots [2.3.1-MED] – just two microliters are needed for each reaction – and store the aliquots at -20 °C. [2.3.2-ECU]
2.3.1. Setting up tubes to make several aliquots

2.3.2. Adding solution to one or two of the tubes, show small volume
2.4. Next, prepare mammalian cells for transfection by seeding them to a 24-well plate with half a milliliter of medium containing antibiotics.  [2.4.1-MED] When using neurons, seed the cells only in the two central rows. The empty wells are useful later. [2.4.2-CU]

2.4.1. Seeding cells in media to central row of plate, TEXT: Neurobasal medium + 1xB27, 5mM L-glutamine and 1x Pen/Strep * use the beginning showing coverslips
2.4.2. Arrangement of the cultured cells as the central row is completed, lid is applied to dish

2.5. Be quick; cultured neurons should not be out of the incubator for more than a few minutes.  [WIDFOL]

2.5.1. Takes plate to incubator and loads plate into incubator
2.6. Until the neurons are at the desired developmental stage, exchange about one-quarter to one-half of their medium [2.6.1-MED] twice a week.  Non-neuronal cultures should be used when the cells are at 50% confluence. [2.6.2-MED]

2.6.1. Removing media from cultured neurons *use the end (don't show air bubbles)
2.6.2. Returning fresh media to cultured neurons *use the end (show drop by drop)
3. Chariot Complex Formation 

3.1. The following procedure is shown for 6 test, and 6 control samples. For each cargo, prepare a dilution of 0.1 to 2 micrograms in 50 microliters of 1xPBS per sample. [3.1.1-WID] Macromolecular complexes of pre-bound primary and secondary antibodies can be used as cargo as well. [3.1.2-ECU]   [3.1.3-MED]
3.1.0 B-Roll footage to be used if 3.1.1 is too short to cover the narration.
3.1.1. Antibodies being diluted in 50µl 1xPBS
3.1.2. mix.

3.1.3. spin

3.2.1 Interview shot, at bench: moved to 3.8
3.3. Mix the solution with a gentle vortex followed by a brief centrifugation. [MED]

3.3.1. Film as written *use 3.1.2 or 3.1.3
3.4. Then, dilute 2 µl of Chariot stock solution in 50 µl of PBS for each reaction. [MED] Use separate tubes for every sample in order to prevent self-association of Chariot. [CU]

3.4.1. Film as written

3.4.2. Detail of tubes being loaded
3.4.3.  Mix and Spin 
3.5. Now, combine the prepared proteins into the Chariot dilutions.  [MED]

3.5.1. Film as written

3.6. Mix and spin the combined proteins. [MED]

3.6.1. Like 3.3.1
3.7. Incubate the samples for 30 minutes at room temperature to allow for the formation of Chariot-Cargo complexes [3.7.1-MED].  [3.7.2-MED]

3.7.1. Removing tubes from the centrifuge and setting them up to incubate at room temp

3.7.2. Starting a timer to countdown from 30 minutes
3.8. Regina Dahlhaus: The optimal protein/peptide amount depends on the cargo and the cell type used – this value must be established empirically. [MED/WID]

4. Transfecting the Cells
4.1. In advance, pre-warm some growth medium with no additives as well as 1xPBS containing 0.5 mM magnesium chloride and calcium chloride, to 37 ºC.

4.1.1. Establishing shot, gathering the media and salt solution

4.1.2. Placing the media bottle and salt solution bottle in circulating water bath

4.2. Now, to begin, dilute the prepared Chariot complexes with 100 µL of medium. [MED]

4.2.1. Film as written, adding medium form 4.1 to tubes from 3.7

4.3. Remove the medium from the plated cells, and transfer it to the empty wells for reuse. [CU]

4.3.1. Show media being sucked off cells and ejected into neighboring, empty wells

4.4. Then, wash the cells gently with 500 µL of pre-warmed 1xPBS Ca/MgCl2 solution. [MED]

4.4.1. Adding salt solution to cells, and then removing the solution from wells
4.5. Apply the medium carrying the Chariot complexes to the cells [4.5.1-CU] and rock the plate gently to ensure an even distribution of the solution. [4.5.2-MED]

4.5.1. Adding solution from tubes to plated cells

4.5.2. Covering the plate and rocking, manually

4.6. Quickly return the cells to the incubator and wait an hour before proceeding. [WIDFOL]

4.6.1. Returning cells to the incubator
4.6.2. Timer started
4.7. An hour later, return the saved media to the cultured neurons. [4.7.1-CU] For all other cell types, add serum to a final concentration of 10% to each well. [4.7.2-MED/TEXT]

4.7.1. Moving saved media back onto wells
4.7.2. adding serum to plated cells, TEXT: B27 serum for neurons *use 4.7.1
4.8. Regina Dahlhaus: Cultured neurons are very sensitive, such as to changes in media temperature and pH. Therefore, these cells should be washed and transfected gently with pre-warmed solutions and returned to the incubator as soon as possible. [MED/WID]

4.8.1. Interview shot, at bench
4.9. Continue the incubation for as long as needed, depending on the transfected cargo and the cell type. [WIDFOL/TEXT]

4.9.1. Loading plate in incubator, again, TEXT: peptide ~ 1 hr, protein ~ 1-2 hr, antibodies ~ 2 hr, neurons with antibodies ~ 4 hr

4.10. After the incubation, process the cells for subsequent analyses as usual. [WID]

4.10.1. Any representative cell processing step, talents’ choice

4.11. Fixation protocols as well as live imaging are both compatible with this technique. [WID]

4.11.1. Any subsequent cell processing step, talents’ choice
5. Imaging and Reconstruction
5.1. Using a laser scanning microscope with a 63x lens, [5.1.1-WID] take images in a distance of 0.25 to 0.5 micron in order to obtain z-stacks of sufficient detail while avoiding bleaching. [5.1.2-MED]
5.1.1. Establish talent working at laser scanning microscope

5.1.2. Talent dialing in parameters in software control of scope, then starts collecting images, which appear on screen as they are collected or are viewed on screen immediately after collection
5.2. For image reconstruction, open the lsm-files in Imaris.  With this software, the Escape button is used to switch between Select and Navigate.   Also, multiple objects can be selected by holding down the Shift key. [LM]

5.2.1. To be provided by author: a SCREEN CAPTURE video showing the event(s) described in this narrative segment. In this case demonstrate switching and selecting multiple objects

5.3. Using the Display Adjustment, go into each channel and adjust the contrast until the brightest structures reach saturation.  This adjustment does not influence the surface construction, but it does assist in thresholding the image. [LM]

5.3.1. To be provided by author: a SCREEN CAPTURE video showing the event(s) described in this narrative segment.

5.4. Reset and Auto-Adjust can be used for automatized adjustments. [LM]

5.4.1. To be provided by author: a SCREEN CAPTURE video showing the event(s) described in this narrative segment.

5.5. Next, click on the “Add new Surfaces” icon and select “Segment only a Region of Interest”.  [LM]

5.5.1. To be provided by author: a SCREEN CAPTURE video showing the event(s) described in this narrative segment.

5.6. Now, adjust the margins of the selection box to fit the object of interest. The selection needs to be adjusted in each image all through the z-plane.  Adjust the shape and tilt of the rectangular shape until all the required structures are within the box.  Undesired objects may be removed later on. [LM]

5.6.1. To be provided by author: a SCREEN CAPTURE video showing the event(s) described in this narrative segment.

5.7. Next, select an appropriate channel.  The Surface Area Detail Level should be set below 0.5 microns.  Depending on the signal characteristics, either Absolute Intensity or Local Contrast can be used.  Generally, Local Contrast works better for diffuse signals. [LM]

5.7.1. To be provided by author: a SCREEN CAPTURE video showing the event(s) described in this narrative segment.

5.8. To proceed, use the Thresholding tool to reconstruct the structure of interest.  Complete the reconstruction by clicking on the green arrow at the bottom of the screen. [LM]

5.8.1. To be provided by author: a SCREEN CAPTURE video showing the event(s) described in this narrative segment.

5.9. Then, adjust the object further using the pencil tool.  Cut and remove surfaces by tilting the images as needed so the cut tool can accurately serve its purpose. [LM]

5.9.1. To be provided by author: a SCREEN CAPTURE video showing the event(s) described in this narrative segment.

5.10. Now, measure the volume, area and intensities for each surface by selecting Statistics, Detailed Statistics, and Average Values. [LM]

5.10.1. To be provided by author: a SCREEN CAPTURE video showing the event(s) described in this narrative segment.

5.11. If desired, color-coded statistics can be produced by selecting the color tab of the corresponding surface and changing the selected option from “base” to “statistic coded”.  [LM]

5.11.1. To be provided by author: a SCREEN CAPTURE video showing the event(s) described in this narrative segment.
6. Results: Antibody Interference in HEK293 Cells and Primary Hippocampal Neurons 
6.1.1. Using the described protocol, FLAG-Simiate expressed in HEK 293 cells was detected by Simiate antibodies shuttled into the cells using Chariot peptides.  Simiate antibody assemblages entered the soma as well as the nucleus following application, where they co-localise specifically with FLAG-Simiate, as marked by the red arrows.
6.1.2. Fig 1a,  TEXT: rb-α-Simiate-gt-α-rb-Alexa568 macromolecules

6.2. In a dose dependent manner, Simiate antibodies induced massive apoptosis in HEK293 cells, while control antibodies had no effect.

6.2.1. Figure 3

6.3. Given that neuronal cells are very sensitive to toxic effects, the technique was applied to primary hippocampal cultures where there was no effect on the viability of neurons when comparing mock or untreated and Chariot treated cells.

6.3.1. Fig 4a, TEXT: Mock Treated

6.3.2. Fig 4b, TEXT: Chariot Treated

6.4. Following the same application scheme, g-t-alpha-g-p-Alexa-568 antibody assemblages were seen in about 83% of the cells, in the somata as well as nuclei, to varying extents.

6.4.1.  Fig 5A
6.5. These observations were further supported by a 3D analysis, which was consistent with the results from the HEK293 cells.  Hence, the Chariot technique can be used successfully to transfect dissociated primary hippocampal neurons.

6.5.1. Fig 5B

7. Conclusion 
7.1. RD: Once mastered, this technique can be done in 3 to 6 hours if performed properly.  The complex formation of Chariot and the protein of interest takes about 40 minutes. To transfect the cells with these complexes, it will take 70 minutes and additional 1 to 4 hours, depending on the size and properties of the cargo.
7.2. RD: Following this procedure, other methods can be performed in order to analyze the function of a protein in more detail, such as live imaging and motility assays or Sholl analyses and electrophysiological recordings.

G. List of Provided Media (provided by you)
Make a listing of your media filenames here, so there is no confusion about which files the video editors should use. 
There is only one screen capture file, which was uploaded on the 9th of July this year.
Please list all images, movie files (including screen captures) and animations that you are providing to be included in this video.  List the step in the script, the file name and a brief description.  For example:

5.1 –  51234_Figure1_panelA.tif -  dual color imaging of tumor angiogenesis at 40X 

5.2 –  51234_Figure1_panelB.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.  

GENERAL PREPARATION NOTES
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.
 2015, Journal of Visualized Experiments


