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Authors, please fill out the brief questionnaire below.   

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  
Can you record movies/images using your own microscope camera? (Y/N)____N_____  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________
B.   Software Usage: 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? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _________2.3, 2.4, 2.6, 2.7,__________________________________
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.) ___2.7 and 3.5________________________
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Felix Kessler: This method can help answer key questions in the chloroplast_field: for instance, the organization of the chloroplast protein import machinery. It is the key to greening and photosynthesis in plants and therefore essential for food production. The molecular machine consists of the two translocons at the outer and inner chloroplast membranes but their composition is not fully known [1-INT].
1.1.1. Felix Kessler says the statement above in an interview-style shot, looking slightly off camera.
1.2. Venkatasalam Shanmugabalaji: The main advantage of this technique is that the purification of the Arabidopsis TOC-TIC complex can be accomplished in single step purification method, the TAP-tag purification. It is a specific and efficient method [1-INT].
1.2.1. Venkatasalam Shanmugabalaji says the statement above in an interview-style shot, looking slightly off camera.

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Felix Kessler: Generally, individuals new to this method will struggle because they are new to the isolation of chloroplast fractions, detergent solubilization and affinity purification [1-INT].
1.3.1. Felix Kessler says the statement above in an interview-style shot, looking slightly off camera.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Felix Kessler: Demonstrating the procedure will be Véronique Douet a technician from my laboratory. 
1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Protocol: (read by voice talent at JoVE)
2. Isolation and Solubilization of the Membrane Fraction
2.1. After preparing the Arabidopsis plants [1-MED/WIDE-TXT], grind 10 g of three-week-old seedlings in liquid nitrogen using a cold mortar and pestle with sand [2-MED]. Add 20 mL of cold grinding buffer to the ground tissue [3-MED]…mix well [3-MED]…and let the mixture thaw on ice [4-MED].
2.1.1. Establishing shot of the talent approaching the laboratory bench with a plant sample and a vessel of agarose beads in hand. TEXT: See text for details on preparing plants Editor: Keep this text overlay up for 2.1.1 and 2.1.2 if needed.
2.1.2. Talent collects and grinds the three-week-old seedlings in liquid nitrogen using a cold mortar and pestle with sand.
2.1.3. Talent adds cold grinding buffer to the ground tissue.
2.1.4. Talent mixes the grinding buffer and ground tissue together.
2.1.5. Talent places the mixture into an ice bucket to thaw.
2.2. Next, soak two layers of quick filtration material with grinding buffer [1-MED]. Filter the homogenate through the two layers of filtration material into a 50 mL conical centrifuge tube [2-CU].
2.2.1. Talent soaks two layers of quick filtration material with grinding buffer.
2.2.2. Close up of the homogenate being filtered through the two layers of quick filtration material into the conical tube.
2.3. Centrifuge the filtrate at 1,500 × g and 4 °C for 10 minutes [1-MED], and transfer the supernatant to a fresh, pre-chilled 50 mL conical centrifuge tube [2-MED]. Repeat the centrifugation once more at the same conditions [3-MED].
2.3.1. Talent places the tube into the centrifuge, and closes the centrifuge lid.
2.3.2. Talent transfers the supernatant to a chilled 50 mL conical centrifuge tube.
2.3.3. Talent places the new conical centrifuge tube into the centrifuge, and then closes the centrifuge lid. Do not reuse 2.3.1.
2.4. Transfer this supernatant to a cold 38.50 mL ultracentrifuge tube [1-MED], and top it up to 35 mL with cold grinding buffer [2-MED/CU]. Use an ultracentrifuge to centrifuge the sample at 100,000 × g and 4 °C for 1 hour [3-MED].
2.4.1. Talent transfers this supernatant to a cold 38.50 mL ultracentrifuge tube.
2.4.2. Close up of the tube as the talent tops it off. Alternatively, film the talent performing this action as a MED shot.
2.4.3. Talent places the tube into an ultracentrifuge and closes the lid.
2.5. Using a glass teflon homogenizer, re-suspend the green pellet in grinding buffer [1-MED]. Centrifuge at 100,000 × g and 4 °C for 1 hour, and discard the supernatant [2-MED].
2.5.1. Talent uses a glass teflon homogenizer to re-suspend the pellet in grinding buffer.
2.5.2. [bookmark: _GoBack]Talent places the tube (containing the re-suspended buffer) into the ultracentrifuge, and then closes the lid.
2.6. Use the glass teflon homogenizer to re-suspend the green pellet in 18.75 mL of 1x grinding buffer [1-MED]. Then, add another 9.375 mL of 1x grinding buffer [2-MED].
2.6.1. Talent uses a glass teflon homogenizer to re-suspend the pellet in grinding buffer.
2.6.2. Talent adds additional grinding buffer to the tube.
2.7. Add 9.375 mL of 4x solubilisation solution to bring the final volume to 37.5 mL [1-MED-TXT], and incubate on a rotating shaker at 4 °C for 30 minutes [2-MED]. After this, use an ultracentrifuge to centrifuge the sample at 100,000 × g and 4 °C for 1 hour [3-MED]. Transfer the supernatant – containing the solubilized membranes – to a fresh 50 mL conical centrifuge tube [4-MED].
2.7.1. Talent adds solubilisation solution to the tube. TEXT: See Table 1 for solution composition.
2.7.2. Talent places the tube on a rotating shaker.
2.7.3. Talent places the tube into an ultracentrifuge, and closes the lid.
2.7.4. Talent transfers the supernatant to a fresh 50 mL conical centrifuge tube.
3. Immunoprecipitation
3.1. After preparing the IgG-agarose resin, transfer the previously washed IgG-agarose resin to the 50 mL conical tube containing the 37.5 mL of solubilized membranes [1-MED-TXT]. Incubate overnight on a rotating shaker at 4 °C [2-MED].
3.1.1. Talent transfers the resin to the conical tube that contains the solubilized membranes. TEXT: See text for details on preparing and washing the resin.
3.1.2. Talent transfers the tube to a rotating shaker.
3.2. The next day, sediment the IgG-agarose resin at 100 × g and 4 °C for 5 minutes [1-MED]. Use a pipette to remove the supernatant [2-CU].
3.2.1. Talent places the tube into a centrifuge, and then closes the lid.
3.2.2. Close up of the talent using a pipette to remove the supernatant. Alternatively, film the talent performing this action as a MED shot.
3.3. Wash the IgG-agarose resin in 37.5 mL of Buffer A [1-MED], and incubate on a rotating shaker at room temperature for 10 minutes [2-MED]. Continue sedimenting and washing the resin as outlined in the text protocol [3-MED].
3.3.1. Talent washes the resin with Buffer A.
3.3.2. Talent places the tube on the rotating shaker.
3.3.3. Talent washes the resin again – any of the washing (or sedimenting) steps not shown in the video can be used here as this is representative of all the actions that are not being filmed.
3.4. After this, transfer the IgG-agarose resin to a 500 µL spin column with a 35 µm filter [1-MED]. Wash the beads twice with 300 µL of TEV elution buffer for equilibration [2-MED].
3.4.1. Talent transfers the resin to a 500 µL spin column with a 35 µm filter.
3.4.2. Talent washes the beads with TEV elution buffer.
3.5. Next, add 300 µL of TEV elution buffer containing 10 µL of TEV protease [1-MED]. Incubate the spin column with beads in a thermomixer at 16 °C and 350 rpm for 2 hours [2-MED].
3.5.1. Talent adds TEV elution buffer (containing 10 µL of TEV protease) to the spin column.
3.5.2. Talent places the spin column into the thermomixer, and adjusts the settings (alternatively, talent can place the column into the thermomixer and then set a timer for 2 hours).
3.6. Then, open the spin column and place it in a new, clean 1.5 mL tube [1-MED]. Spin this tube at 100 × g and 4 °C for 5 minutes to collect the eluate [2-MED].
3.6.1. Talent transfers the spin column to a clean 1.5 mL tube.
3.6.2. Talent places the spin column, in its new tube, into a centrifuge and closes the lid.

4. Results: Immunoblot Analysis of the Purified Protein Complex
4.1. In this study, a TAP-tagged (pronounce “TAP” like the word “tap) chloroplast envelope protein complex from transgenic A. thaliana plants is purified [1-LM]. Immunoblot analysis confirms that isolated TAP-TOC159 (pronounce “tock-one-fifty-nine”) interacts with TOC75 (pronounce “tock-seventy-five”) and TOC33 (pronounce “tock-thirty-three”) of the TOC complex [2-LM].
4.1.1. LAB MEDIA: JOVE2.pdf
4.1.2. LAB MEDIA: JOVE2.pdf – In the right-hand image (under the “NTAP-TOC159:ppi2” header), visually emphasize the rows labeled “TOC75” and “TOC33” as they are mentioned.
4.2. The chloroplast outer membrane kinase KOC1 (pronounce “K-O-C-one”), which is known to phosphorylate TOC159, is also co-isolated [1-LM]. The presence of TIC110 (pronounce “tick-one-ten”) reveals that the isolated TAP-TOC159 complex also contains the components of the TIC complex [2-LM].
4.2.1. LAB MEDIA: JOVE2.pdf – In the right-hand image (under the “NTAP-TOC159:ppi2” header), visually emphasize the row labeled “KOC1”.
4.2.2. LAB MEDIA: JOVE2.pdf – In the right-hand image (under the “NTAP-TOC159:ppi2” header), visually emphasize the row labeled “TIC110”.
4.3. The FBN1A (pronounce “F-B-N-one-A”) antibody did not recognize the TAP-TOC159 complex, indicating the absence of contaminations [1-LM]. In the negative control, the immunoprecipitated NTAP protein did not co-isolate with any of the TOC-TIC proteins and confirms the specificity of the TAP-TOC159 purification [2-LM].
4.3.1. LAB MEDIA: JOVE2.pdf – In the right-hand image (under the “NTAP-TOC159:ppi2” header), visually emphasize the row labeled “FBN1A”.
4.3.2. LAB MEDIA: JOVE2.pdf – In the left-hand image (under the “NTAP:WT” header), visually emphasize the top three rows (TOC159, TOC75, TOC33) and the row fifth from the top (TIC110)


5. Conclusion (said by authors on camera)

5.1. Felix Kessler: Though this method can provide insight into chloroplast protein import, it can also potentially be applied to protein complexes in the Arabidopsis thaliana model system [1-INT].
5.1.1. Felix Kessler says the statement above in an interview-style shot, looking slightly off camera.
5.2. Felix Kessler: Following this procedure, other methods like Western blotting or mass spectrometry can be performed in order to answer additional questions regarding the presence of known components or to identify new ones [1-INT].
5.2.1. Felix Kessler says the statement above in an interview-style shot, looking slightly off camera.
5.3. Felix Kessler: After its development, this technique paved the way for researchers in the field of chloroplast protein import and biogenesis to explore the function of new components in the TOC and TIC complexes [1-INT].
5.3.1. Felix Kessler says the statement above in an interview-style shot, looking slightly off camera.

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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