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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) not concerned_  
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.) 2.5.3, 3.3.2, 4.1.1, 4.2.3, 5.1.2, 5.1.3, 5.3.1, 5.4.2.
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.)
The most difficult aspect of this procedure is to maintain integrity of (fragile) intact chloroplasts: 
2.2.3, It is important to store plants overnight in a dark and cold room (4°C) prior to the experiment, to reduce the amount of starch and chloroplast breakage!
2.5.3, The blending process must be limited to few seconds, since longer blending strongly affects the yield of the purification!
3.3.2, Gently re-suspend pellets of chloroplasts using a paintbrush or a curved plastic spatula to limit their breakage, and do not use Pipetman with very fine tips.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_ If yes, how far apart are the locations? _____In the same building but in two different floors: 2nd floor and ground 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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Norbert Rolland Marcel Kuntz: The main advantage of this technique is that it can distinguish proteins of similar activities that have different roles depending on their localization in envelope, stroma or thylakoid membranes [1-INT].
1.1.1. Norbert Rolland Marcel Kuntz says the above statement in an interview-style shot, looking slightly off-camera.

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.2. Norbert Rolland Marcel Kuntz: Generally, individuals new to this method will struggle because they will use plants that are too old, blend the leaves for too long, or won’t be careful enough when re-suspending the pellets of intact, but very fragile, chloroplasts [1-INT].
1.2.1. Norbert Rolland Marcel Kuntz says the above statement in an interview-style shot, looking slightly off-camera.
1.3. Norbert Rolland Marcel Kuntz: Visual demonstration of this method is critical as the loading or recovering of fractions from Percoll and sucrose gradients steps are difficult to learn, because of the risk of blending of the gradients and thus of cross-contaminating the various chloroplast sub-fractions [1-INT].
1.3.1. Norbert Rolland Marcel Kuntz says the above statement 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. ** Norbert Rolland Marcel Kuntz: Demonstrating the procedure will be Imen BOUCHNAK, a Ph.D student from my laboratory and Lucas Moyet, an INRA engineer.
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. Harvesting of Arabidopsis Leaves 
2.1. To begin, grow Arabidopsis plants for 5 weeks with a 12 hour light cycle, at 23 °C in the day and at 18 °C in the night, with a light intensity of 150 µM per square meter per second [1-MED-TXT]. The next day, pre-weigh a 5 L beaker [2-MED], and then place it on ice [3-MED].
2.1.1. Talent transfers the grows Arabidopsis plants to a dark and cold room to incubate for 5 weeks. TEXT: See text for details on growing plants. (Editor: The authors insisted on having all this information here, but I’m not sure if this shot is long enough or informative enough for all that. If it is not, the original script referred the viewer to the text and that might be a better option)
2.1.2. Talent weighs a 1 5 L beaker.
2.1.3. Talent places the 1 5 L beaker on ice.
2.2. Harvest the Arabidopsis leaves – making sure to avoid picking up any soil [1-MED/CU]. Re-weigh the beaker, and record the tissue weight [2-MED-TXT].
2.2.1. Talent harvests the leaves. Film this as close as possible, while still clearly capturing the full action. TEXT: Total expected leaf material: 400 – 500 g
2.2.2. Talent re-weighs the 1 5 L beaker (now filled with leaves), and records the weight in a laboratory notebook.
2.3. Transfer the harvested leaves to a cold room [1-MED]. Place the leaves in a blender containing 2 L of grinding buffer [2-MED], and homogenize them by blending at high speed three times, for a duration of 2 seconds each time [3-CU-TXT].
2.3.1. Talent transfers the harvested leaves to a cold room
2.3.2. Talent transfers the leaves to the blender.
2.3.3. Talent pours 2 L of grinding buffer in the blender containing grinding buffer leaves
2.3.4. Talent Close up of the blender as the leaves are homogenized as described. TEXT: Do not blend for more than a few seconds at a time.
2.4. Place four layers of muslin and one layer of nylon blutex into a strainer [1-MED], and this to filter the homogenate [2-MED]. Gently squeeze the blended leaves inside the muslin and blutex to extract all of the liquid [3-CU].
2.4.1. Talent place 4 layers of muslin and one layer of nylon blutex in the strainer
2.4.2. Talent pours the homogenate onto the muslin/blutex to filter it.
2.4.3. Close up of the talent squeezing the leaves inside the muslin/blutex.
2.5. Recover the remaining tissue in the blender cup [1-MED], and repeat the homogenization process using fresh grinding buffer [2-MED]. Use 4 – 5 layer of new muslin to filter this new homogenate in a new beaker as previously described [3-MED].
2.5.1. Talent recovers the remaining tissue in the blender cup.
2.5.2. Talent transfers this recovered tissue into the previously used blender cup, Talent adds remaining fresh grinding buffer, and begins to blend it.
2.5.3. Talent pours this new homogenate over 4 – 5 layers of new muslin in a new beaker.
3. Purification of Crude Chloroplasts Using Differential Centrifugation 
3.1. Distribute the crude cell extract equally into six 500 mL bottles [1-MED]. Place the bottles on ice [2-MED]. Centrifuge the chilled bottles at 2,070 x g and 4 °C for 2 minutes [3-MED-TXT].
3.1.1. Talent distributes the crude cell extract into six 500 mL bottles.
3.1.2. Talent places the six bottles on ice.
3.1.3. Talent places the bottle into a centrifuge, and then closes the centrifuge lid. TEXT: Maximum acceleration; Brake on
3.2. After this, gently discard the supernatant [1-MED]. Use a water pump to aspirate any remaining supernatant [2-MED], and keep the pellets – which contains concentrated crude chloroplasts – on ice [3-MED].
3.2.1. Talent gently discards the supernatant from one of the bottles and transfers bottle on ice.
3.2.2. Talent uses a water pump to aspirate the remaining supernatant from one of the bottles. (Editor: I believe 3.2.2 and 3.2.3 are combined, but I’m not sure because the authors notes were not clear)
3.2.3. Talent transfers the bottles – which now only contain the Talent keeps pellets on ice – to an ice bucket.
3.3. Using a 10 mL pipette, add 3 mL of washing medium to each bottle – making sure to not use fine pipette tips to avoid breaking the chloroplasts [1-MED-TXT]. Then, use a paintbrush or curved plastic spatula to gently re-suspend the pellets [2-MED]. 
3.3.1. Talent, using a pipette, adds washing medium to each bottle. TEXT: Do not use fine pipette tips
3.3.2. Talent uses a paintbrush (or curved plastic spatula) to re-suspend the pellets. Film a take of this as a CU if possible.
3.4. Using a 10 mL pipette, collect the re-suspended chloroplasts in a single tube [1-MED]. Gently invert the tube to obtain a homogenous chloroplast suspension [2-MED/CU].
3.4.1. Talent, using a pipette, collects the re-suspended chloroplasts into a single tube. TEXT: Combined chloroplast final: 36 mL.
3.4.2. Talent gently inverts the tube to obtain a homogenous chloroplast suspension. Film this as close to the tube as possible while still capturing the complete action.
4. Purification of Intact Chloroplasts on Continuous Percoll Gradient
4.1. To begin, use a 10 mL pipette to slowly load 6 mL of the chloroplast suspension on top of each of the six prepared Percoll gradients [1-MED]. Using a swinging-bucket rotor, centrifuge the gradients at 13,300 x g and 4 °C for 10 minutes [2-MED-TXT].
4.1.1. Talent, using a pipette, slowly loads 6 mL of the chloroplast suspension on top of each of the six prepared Percoll gradients. Film the placement on one of these gradients as a CU. 
4.1.2. Talent loads the gradients into a swinging-bucket rotor, and then turns the rotor on. TEXT: Slow acceleration; Brake off
4.2. Use a water pump to aspirate the upper phase – which contains broken chloroplasts and intact mitochondria [1-CU]. Then, use a 10 mL pipette to retrieve intact chloroplasts present in the lower phase [2-MED] – being careful not to aspirate the nuclei and cell debris, found at the bottom of the tube, along with the intact chloroplasts [3-CU].
4.2.1. Close up of the upper phase being aspirated.
4.2.2. Talent, using a pipette, begins to retrieve the intact chloroplasts present in the lower phase.
4.2.3. Close up of the talent continuing to retrieve the intact chloroplasts present in the lower phase, showing that the talent is avoiding the nuclei and cell debris found at the bottom of the tube.
4.3. Dilute the intact chloroplast suspension 3 – 4 fold with washing medium [1-MED]. Keep approximately 10 mL of an aliquot of intact chloroplast fraction for further analysis by SDS-PAGE and western blotting [4.3.2]. Centrifuge at 2,070 x g and 4 °C for 2 minutes [2 3-MED-TXT].
4.3.1. Talent dilutes the intact chloroplast suspension with washing medium.
4.3.2. [Added Shot]: Talent takes 10 mL of an aliquot of intact chloroplast fraction and places it on ice.
4.3.3. Talent loads the dilution into the centrifuge, and then closes the centrifuge lid. TEXT: Maximum acceleration; Brake on
4.4. After this, gently discard the supernatant [1-MED]. Use a water pump to aspirate any remaining supernatant [2-CU], and keep the pellet – which contains concentrated crude chloroplasts – on ice [3-MED] [4.4.2].
4.4.1. Talent gently discard the supernatants from the sample.
4.4.2. Close up as remaining supernatant is aspirated from the sample and as pellet containing concentrated crude chloroplasts is kept on ice
4.4.3. Talent transfers the pellets to an ice bucket.
4.5. [1-MED] [2-MED]
4.5.1. Talent takes an aliquot of intact chloroplast fraction, and mixes it with 10 mL of washing medium.
4.5.2. Talent places the aliquot on ice for further centrifugation.
5. Lysis of Intact Chloroplasts Using a Hypotonic Buffer and Purification of Chloroplast Sub-Compartments on Discontinuous Sucrose Gradients
5.1. To lyse the purified intact chloroplasts, re-suspend the pellet in hypotonic medium that contains protease inhibitors [1-MED]. Transfer the re-suspended chloroplasts to a 10 mL falcon tube [5.1.2A]. Prepare the sucrose gradient as outlined in the text protocol [2-MED]. Using a peristaltic pump, slowly load 3 mL of the lysed chloroplasts on top of each of the preformed sucrose gradients [3-MED].
5.1.1. Talent re-suspends a pellet in hypotonic medium that contains protease inhibitors.
5.1.2A. [Added Shot]: Talent transfers re-suspended chloroplasts in a 10 mL falcon tube. (Editor: I’m not sure how this shot, or 5.1.2 and 5.1.3, are slated now. I’ve retained the original shotlist numbering.)
5.1.2. Talent prepare sucrose gradient using a peristaltic pump.
5.1.3. Talent, using a peristaltic pump, slowly loads the lysed chloroplasts on top of each of the preformed sucrose gradient.
5.2. Use hypotonic medium buffer to balance pairs of tubes [1-MED], and then ultracentrifuge the gradient at 70,000 x g and 4 °C for 1 hour [2-MED].
5.2.1. Talent balances two tubes with hypotonic medium buffer.
5.2.2. Talent places the tube into an ultracentrifuge, and then closes the ultracentrifuge lid.
5.3. Take an aliquot of the soluble stromal proteins to be used in the determination of the protein concentration [1-CU]. [2-MED]. [3-MED].
5.3.1. Talent, using a pipette carefully removes the upper phase of each gradient. Film this action as close up as possible to show the expected envelope clearly.
5.3.2. Talent takes an aliquot of the soluble stromal proteins and keeps it on ice. 
5.3.3. [bookmark: _GoBack]Talent stores the aliquot of soluble stromal proteins for further storage in liquid nitrogen.
5.4. Next, use a water pump to aspirate the remaining upper phase of the gradient up to the yellow band [1-CU]. Using a pipette, retrieve the yellow band – which is the envelope [2-MED]. Pool the envelopes into one tube [3-MED].
5.4.1. Close up of the remaining upper phase being aspirated up to the yellow band (Editor: Mis-sated as 5.3.2)
5.4.2. Talent, using a pipette, retrieves the yellow band.
5.4.3. Talent pools the yellow bands (the envelopes).
5.5. Then, remove the remaining phase of the gradient up to the thylakoid pellet [1-MED].
5.5.1. Talent removes the remaining phase of the gradient up to the thylakoid pellet. Film a take of this action as a CU if possible.
6. Washing and Concentration of Thylakoid and Envelope Membrane Systems
6.1. Re-suspend the thylakoid pellets in membrane washing buffer with protease inhibitors [1-MED]. Dilute the thylakoid suspension and envelope 3 – 4 fold with washing medium, adjusting the final volume to 10 mL [2-MED].
6.1.1. Talent re-suspends the thylakoid pellets in membrane washing buffer with protease inhibitors.
6.1.2. Talent uses washing medium to dilute the thylakoid and envelope suspensions.
6.2. Balance pairs of tubes with membrane washing buffer [1-MED], and ultracentrifuge them at 110,000 x g and 4 °C for 1 hour [2-MED].
6.2.1. Talent balances two tubes with membrane washing buffer.
6.2.2. Talent places the tube into an ultracentrifuge, and then closes the ultracentrifuge lid.
6.3. After this, use a water pump to carefully aspirate the supernatant [1-MED]. Add approximately 100 µL of membrane washing buffer to the envelope pellet [2-MED].
6.3.1. Talent, using a water pump, carefully aspirates the supernatant from the tube.
6.3.2. Talent adds membrane washing buffer to the envelope pellets.
6.4. [1-MED-TXT] [2-MED].
6.4.1. Talent takes an aliquot one of the samples. 
6.4.2. Talent places the aliquot into liquid nitrogen.
6.5. Then, aspirate the supernatant from the thylakoid tube [6.5.1]. Re-suspend the thylakoids pellet in 3 mL of membrane washing buffer [6.5.2] [1-MED]. [2-MED]. [3-MED].
6.5.1. [Added Shot]: Talent, using a water pump, carefully aspirates the supernatant from the thylakoid tube.
6.5.2. Talent re-suspend the thylakoids pellet in membrane washing buffer.
6.6. Store the three purified sub-compartments [6.6.1] in liquid nitrogen for use in further experiments [6.6.2].
6.6.1. [Added Shot]: Talent shows tubes containing the three purified fractions of the chloroplast (Envelope, stroma and thylakoids).
6.6.2. [Added Shot]: Talent transfers fractions in liquid nitrogen.

7. Results: Analysis of Protein Localization by Immunoblotting or Proteomics
7.1. After the membrane fractions are recovered, washed, and concentrated, SDS-PAGE is used to quantify the proteins and analyze the composition of all four fractions [1-LM-TXT]. The most abundant protein from the stroma is RBCL, and representative results show the expected resulted [2-LM] – that very little of the large subunit of this protein is contained in the thylakoid and envelope membrane fractions [3-LM].
7.1.1. LAB MEDIA: Figure-2-Bouchnak-12-July-2018.tiff – Show only Figure 2C TEXT: Chua, N.H. Methods in Enzymology. (1980).
7.1.2. LAB MEDIA: Figure-2-Bouchnak-12-July-2018.tiff – Still showing only Figure 2C. Visually emphasize band for RBCL in the Stroma lane.
7.1.3. LAB MEDIA: Figure-2-Bouchnak-12-July-2018.tiff – Still showing only Figure 2C. Visually emphasize very small bands of RBCL in the Thylakoid and Envelope lanes.
7.2. The light harvesting complex proteins are abundant thylakoid components [1-LM-TXT] that should barely contaminate the envelope membranes [2-LM].
7.2.1. LAB MEDIA: Figure-2-Bouchnak-12-July-2018.tiff – Still showing only Figure 2C. Visually emphasize the LHCP band in the Thylakoid land. TEXT: Ferro, M. et al. Molecular & Cell Proteomics. (2010). Editor: Keep this text overlay up for all of 7.2
7.2.2. LAB MEDIA: Figure-2-Bouchnak-12-July-2018.tiff – Still showing only Figure 2C. Visually emphasize the very small LHCP band in the Envelope lane.
7.3. Lastly, the phosphate-triose-phosphate translocator is only visible in the purified envelope fraction due to its strong enrichment in the envelope fraction when compared to whole chloroplast extracts [1-LM].
7.3.1. LAB MEDIA: Figure-2-Bouchnak-12-July-2018.tiff – Still showing only Figure 2C. Visually emphasize the TPT band in the Envelope lane.
7.4. Cross-contamination of the three sub-compartments [1-LM-TXT] – the soluble ketol-acid reductoisomerase from the stroma [2-LM], the chloroplast envelope copper ATPase [3-LM], and the light harvesting complex proteins from the thylakoid membranes [4-LM] – can be quantified using both immunoblotting and mass spectrometry analyses [5-LM].
7.4.1. LAB MEDIA: Figure-2-Bouchnak-12-July-2018.tiff – Show only Figure 2D. TEXT: Ferro, M. et al. Molecular & Cell Proteomics. (2010). Editor: Keep this text overlay up for all of 7.4
7.4.2. LAB MEDIA: Figure-2-Bouchnak-12-July-2018.tiff – Show only Figure 2D. Show the lane headers from Figure 2C above Figure 2D.
7.4.3. LAB MEDIA: Figure-2-Bouchnak-12-July-2018.tiff – Still showing only Figure 2D. Visually emphasize the bottom image, representing KARI.
7.4.4. LAB MEDIA: Figure-2-Bouchnak-12-July-2018.tiff – Still showing only Figure 2D. Visually emphasize the top image, representing HMA1.
7.4.5. LAB MEDIA: Figure-2-Bouchnak-12-July-2018.tiff – Still showing only Figure 2D. Visually emphasize the middle image, representing LHCP.
7.4.6. LAB MEDIA: Figure-2-Bouchnak-12-July-2018.tiff – Still showing only Figure 2D. Remove all previous emphasis and hold on the image for the remaining voiceover narration.
7.5. While the stroma is not usually contaminated by envelope or thylakoid fractions [1-LM], the purified envelope fractions contain 3% of thylakoid proteins and up to 10% of proteins from the stroma [2-LM]. The thylakoids are poorly contaminated by proteins from the stroma, but contain up to 3% of envelope membrane proteins [3-LM].
7.5.1. LAB MEDIA: Figure-2-Bouchnak-12-July-2018.tiff – Still showing only Figure 2D. Visually emphasize the entire Stroma lane.
7.5.2. LAB MEDIA: Figure-2-Bouchnak-12-July-2018.tiff – Still showing only Figure 2D. Visually emphasize the entire Envelope lane.
7.5.3. LAB MEDIA: Figure-2-Bouchnak-12-July-2018.tiff – Still showing only Figure 2D. Visually emphasize the entire Thylakoids lane.

8. Conclusion (said by authors on camera)

8.1. Norbert Rolland: Chloroplasts fulfill many crucial functions, such as assimilation of carbon, sulfur and nitrogen as well as synthesis of essential metabolites. In order to decipher new regulatory mechanisms that control the chloroplast physiology, defining the sub-plastidial localization of chloroplast proteins is thus critical to support targeted studies [1-INT].
8.1.1. Norbert Rolland says the above statement in an interview-style shot, looking slightly off-camera.
8.2. Norbert Rolland: Chloroplasts contain several sub-compartments. This method can help answer key questions in the chloroplast field, such as where a specific chloroplast protein is located within the organelle [1-INT].
8.2.1. Norbert Rolland says the above statement in an interview-style shot, looking slightly off-camera.
8.3. Norbert Rolland: While attempting this procedure, it’s important to remember to conduct all of the chloroplast isolation steps at 4°C to limit proteolysis in the purified fractions [1-INT].
8.3.1. Norbert Rolland says the above statement in an interview-style shot, looking slightly off-camera.
8.4. Norbert Rolland: Following this procedure, other methods like large-scale proteomics approaches can be performed in order to answer additional questions like the composition and dynamics of the proteome of the various plastid sub-compartments [1-INT].
8.4.1. Norbert Rolland says the above statement in an interview-style shot, looking slightly off-camera.
8.5. Norbert Rolland: After its development, this technique paved the way for researchers in the field of plant physiology to explore many different aspects of the chloroplast biogenesis and function using targeted analyses of candidate proteins identified within plastid sub-compartments [1-INT].
8.5.1. Norbert Rolland says the above statement in an interview-style shot, looking slightly off-camera.
8.6. Norbert Rolland: Don't forget that working with waring blender, liquid nitrogen or specific compounds like protease inhibitors requires special care, and precautions such as wearing gloves, lab coat and safety glasses should always be taken while performing this procedure [1-INT].
8.6.1. Norbert Rolland says the above statement 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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