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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  
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.) ___________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
Most helpful in video format: 2.4.3, 2.5.1, 2.6.1, 4.3, 4.5
(4.3 and 4.5 aren’t difficult, it is just good to see the colors. )
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.) ___________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
	Most difficult,	2.4.3, The paintbrush resuspension is done very gently 
not in order.:	2.5.1Layering is done slowly by pipetting down side of tube to avoid bubbles
2.6.1 This is done slowly to avoid disturbing the density gradient in the Percoll
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? _We will need to go between the lab and one room that is across the hallway. 

1. Introduction (Author Interviews)

A. Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Steven Theg: This method can help answer key questions regarding the mechanisms and energetics of protein translocation as well as the localization of proteins within the chloroplast. [1-MED]
1.1.1. Steven speaks, looking towards the camera.
1.2. Steven Theg: The main advantage of this technique is that it allows for greater control of the thylakoid’s environment during transport, including temperature, pH, salt concentrations and precursor concentrations. [1-MED]
1.2.1. Steven speaks, looking towards the camera.

*Note to the Authors: Goal and interview statements will be edited to conform to the specified number and length restrictions. I am happy to help if you have any questions.



Protocol:(read by voice talent at JoVE)
2. Chloroplast Isolation and Quantification
2.1. Begin by soaking approximately 55 grams of peas in 400 mL of distilled water for 3 hours. [1-MED] Sow the soaked peas in a plastic tray in soil covered with a thin layer of vermiculite (pronounce ver-mic-u-lite)and grow for 9-15 days as described in the text protocol. [2-CU-TXT]
2.1.1. Talent placing the peas to soak.
2.1.2. Talent sowing the peas on the tray. TEXT: tray: 35 cm x 20 cm x 6 cm
2.2. On the day of chloroplast isolation, prepare a continuous density gradient by centrifuging a mixture of 15 mL of Percoll and 15 mL of 2x GB buffer in a 50 mL polycarbonate high speed centrifuge tube… [1-MED-TXT] at 30,900  g (pronounce 30,900 Gs; always read “x g” as Gs, as plural of G)in a fixed angle rotor for 30 min at 4 °C. 
2.2.1. Talent adding Percoll and 2xGB to a tube. TEXT: For all buffers see the text protocol.
2.2.2. Talent placing the tube in the centrifuge and starts the run.
2.3. Then harvest approximately 25 grams of 9-15-day old pea shoots. [1-MED] Add them to 95 mL of cold 1xGB buffer in a chilled blender with sharpened blades and homogenize.[2-MED] Filter this mixture through minimum 2 layers of cheese cloth placed in a funnel over a chilled beaker. [3-MED]
2.3.1. Talent harvesting the peas. 
2.3.2. Talent adding peas to the blender and adding the buffer and starts homogenizing. 
2.3.3. Talent pouring the mixture onto the filter.
2.4. Centrifuge the filtrate using a 50mL polycarbonate centrifuge tube, in a swinging bucket rotor at 3,000 x g (3,000 Gs) for 5 min at 4 °C(degrees Celsius).[1-MED] Discard the supernatant…[2-CU] and use a paintbrush to gently resuspend the pellet in 1 mL 1xGB. [3-ECU]
2.4.1. Talent placing the tube in the centrifuge and starting the run.
2.4.2. Talent discards the supernatant 
2.4.3. Talent uses a paintbrush to resuspend. Show the brush and the pellet at the bottom of the tube.
2.5. After that, use a glass Pasteur pipette to carefully layer this green suspension on top of the Percoll gradient.[1-CU] Centrifuge it in a swinging bucket rotor at 8,000 x g for 10 min at 4 °C with the brake off.[2-MED]
2.5.1. Talent layering the suspension on Percoll.
2.5.2. Talent placing the tube in the centrifuge and starting the run.
2.6. Use a Pasteur pipette again, carefully transfer the lower green band containing intact chloroplasts into a fresh 50mL polycarbonate tube and add 30 mL of 1x IB buffer. [1-ECU] Centrifuge the tube in a swinging bucket rotor at 1,800 x g for 5 min at 4 °C. [2-MED]
2.6.1. Show pipette tip in the lower green band pipetting and transferring to new tube.
2.6.2.  Talent placing the tube in the centrifuge and starting the run.
2.7. After discarding the supernatant, gently resuspend the pellet in 1 mL 1x IB with a paintbrush.[1-CU] Wash in 30 mL 1xIB and centrifuge again under same conditions. [2-MED] Resuspend the pellet after the final centrifugation in 1 mL of 1xIB. [3-CU]
2.7.1. Talent adding the buffer to the pellet and resuspending.
2.7.2. Talent adding 30 mL 1x IB to wash.
2.7.3. Talent adding the buffer to the pellet and resuspending.
2.8. To determine chlorophyll concentration, mix 10 microliters of fully resuspended chloroplasts with 5 mL of 80% acetone. [1-MED] Filter through a 180 micrometer- thick filter paper with 11 micrometer pore size and then determine the chlorophyll concentration by spectrophotometer. [2-CU-TXT] Dilute the chloroplast mixture to 1 milligram per milliliter using cold 1xIB. [3-MED]
2.8.1. Talent mixes chloroplasts with acetone
2.8.2. Talent starts filtering through the filter paper.Video editor: Show this text when the VO says: “determine the chlorophyll concentration by spectrophotometer”TEXT: 720, 663 and 645 nm; Desired concentration: 1 mg/mL
2.8.2.B med shot of loading spectrophotometer (Extra Shot)
2.8.3. Talent diluting the chloroplasts.
3. Isolation of Thylakoids
3.1. To start isolating the thylakoids (pronunciation) when stromal extract is not necessary, such as cpTat (pronounce C-P-Tat) transport, centrifuge intact chloroplasts in 1.5 mL tubes in a swinging bucket rotor at 1,000 x g at 4 °C for 6 minutes. [1-MED-TXT]
3.1.1. Talent placing the tube in the centrifuge, shuts the centrifuge and starts the run. TEXT: Stromal extract can be harvested simultaneously with the thylakoids when needed, as in section 4.
3.2. After that discard the supernatant and resuspend the pellet in Hypotonic Lysis Buffer to achieve 1 mg/mL with a micropipette.[1-MED] Incubate on ice in the dark with occasional mixing for 10 minutes.[2-MED]
3.2.1. Talent discarding supernatant and adding buffer and starts resuspending
3.2.2. Talent placing the tube in the dark to incubate.
3.3. To recover thylakoids centrifuge in a swinging bucket rotor at 3,200 x g at 4 degrees Celsius for 8 minutes.[1-MED] Wash the thylakoids twice by resuspending the pellet with 1 to 2 mL of lysis buffer and then centrifuging under same conditions. [2-CU-TXT]
3.3.1. Talent placing the tube in the centrifuge and starting the run.
3.3.2. Talent adding the lysis buffer to the pellet and resuspending. TEXT: Swinging bucket rotor, 3,200 x g, 4 °C, 8 min
3.4. After final centrifugation resuspend the pellet…in 1 milliliter of 1x IB buffer and determine the chlorophyll concentration in isolated thylakoids using spectrophotometer as previously demonstrated.[1-MED]
3.4.1. Talent discarding the supernatant and adding the buffer and starts resuspending.
4. Stromal Extract (SE) Recovery
4.1. For pathways that require stromal extract recovery, such as cpSec1 (C-P-Sec-1) and cpSRP(C-P-S-R-P), aliquot 600 microliters of isolated chloroplasts in a swinging bucket rotor and centrifuge at 1,000 x g for 6 min at 4 °C. [1-MED-TXT]
4.1.1. Talent placing the chloroplast aliquots samples in the centrifuge and starting the run. Video editor: when the VO says 600 microliter aliquots of isolated chloroplasts display the following: TEXT: As many as possible after diluting to 1 mg/mL
4.2. For chloroplast lysis…resuspend the pellet with 600 microliters Hypotonic Lysis Buffer. [1-CU] Incubate on ice in the dark for 10 min with occasional mixing. [2-MED]
4.2.1. Talent discarding the supernatant and adding Lysis buffer.
4.2.2. Talent placing the tubes on ice in the dark.
4.3. Then centrifuge the tubes in a swinging bucket rotor at 3,200 x g for 8 min at 4 °C. [1-MED] To save the stroma, transfer the light green to yellow supernatant to a new microcentrifuge tube [2-ECU]and add an equal volume of 2x Crude Stroma Buffer.[3-CU]
4.3.1. Talent placing the samples in the centrifuge and starting the run. 
4.3.2. Talent transferring supernatant to a new tube.
4.3.3. Talent adding the buffer.
4.4. To wash thylakoids, add 2 volumes of lysis buffer and centrifuge in swinging bucket rotor at 3,200 x g for 8 min at 4 °C. [1-MED] Resuspend the pellet on ice in 1xIB to achieve chlorophyll concentration of 1 mg/mL.[2-CU]
4.4.1. Talent adding the buffer to the thylakoids.
4.4.2. Talent placing the samples in the centrifuge and starting the run. 
4.4.3. Talent adding the buffer to the pellet on ice.
4.5. To remove residual membranes centrifuge crude stroma in a fixed angle rotor at 42,000 x g  for 30 min at 4 °C. [1-MED] Then collect 95% of the volume from each tube making sure not to disturb the small yellow-green pellet while noting the volume taken from each tube. [2-ECU] 
4.5.1. Talent placing the samples in the centrifuge and starting the run.
4.5.2. Talent collecting the supernatant from one tube, focus on pipette tip within the tube.
4.6. To prepare the concentrated stromal extract, pool the collected supernatants. [1-MED]Then use a 4 mL 30 kilo Dalton MWCO (M-W-C-O) concentrator to concentrate the extract five-fold.[2-MED]
4.6.1. Talent starts pooling supernatants into one single tube.
4.6.2. Talent starts with the concentrator.
5. Transport through the cpTat Pathway
5.1. To measure the cpTat transport, in a 1.5 mL tube on ice[1-MED-over the shoulder] mix the isolated thylakoids to a finalchlorophyll concentration of 0.33 mg/mL, 5 millimolar ATP(A-T-P)prepared in 1xIB and 8 millimolar DTT (D-T-T) prepared in 1xIB. Bring the reaction up to the desired volume with ice cold 1x IB.[2-MED]
5.1.1. Talent placing the tube on ice.
5.1.2. Talent adding thylakoid, ATP, DTT and 1x IB in this order. Labels visible in shot if possible.
5.2. To initiate the transport, introduce substrate protein to the transport mix [1-MED].
5.2.1. Talent adding substrate protein. Labels and tubes visible in shot if possible.
5.3. Conduct the reaction by illuminating the suspension with 80 - 100 micro Einsteins per square meter per second of photosynthetically active radiation for 10 min at room temperature. [1-MED-TXT]
5.3.1. Talent illuminating the suspension. TEXT: If transport kinetics are required see the text.
5.4. To stop the transport reaction, dilute the suspension 8-fold with ice-cold 1xIB. [1-MED] Centrifuge at 3,200 x g in microcentrifuge for 5 min at 4 °C to recover thylakoids.[2-MED] After discarding the supernatant resuspend the pellet in 120 microliters ice cold 1xIB. [3-CU]
5.4.1. Talent adding the buffer to the reaction.
5.4.2. Talent placing the tube in centrifuge and starting the run.
5.4.3. Talent resuspending the pellet with the IB buffer.
6. Transport through the cpSec1 and cpSRP Pathways
6.1. To assay the cpSec1 orcpSRP pathways, mix the following in a 1.5 mL tube on ice:[1-MED]thylakoids to a final chlorophyll concentration of 0.33 mg/mL, 0.83 mg/mL chlorophyll equivalents of stromal extract and 5 millimolar ATP prepared in 1xIB. Bring the reaction up to the desired volume with ice cold 1xIB and incubate on ice for 10 minutes. [2-MED]
6.1.1. Talent placing the tube on ice.
6.1.2. Talent adding thylakoids, stromal extract, ATP and IB in this order. Labels visible in shot if possible.
6.2. To initiate the transport, introduce 10% volume by volume of substrate protein to this transport mix. [1-MED-TXT] Illuminate with 80 - 100 micro Einsteins per square meter per second of photosynthetically active radiation for 10 min at room temperature.[2-MED]
6.2.1. Talent adding substrate protein to the transport mix. TEXT: If substrate protein not in 1xIB, see the text.
6.2.2. Talent illuminating the suspension.. 
6.3. To stop the reaction, dilute the suspension 8-fold with ice-cold 1xIB. [1-MED] Centrifuge at 3,200 x[image: ] g in microcentrifuge for 5 min at 4 °C.[2-MED] After discarding the supernatant resuspend the pellet in 120 microliters of ice cold 1xIB.[3-CU]
6.3.1. Talent adding the buffer to reaction.
6.3.2. Talent placing the sample in the centrifuge and starting the run. 
6.3.3. Talent resuspending the pellet with the IB buffer.
7. Thermolysin Treatment
7.1. To remove residual substrate that has not been transported [1-MED], digest external protein by adding 6 microliters of 2 mg/mL thermolysin (thermo-lysin) and 10 millimolar Calcium Chloride in 1xIB. [2-CU-TXT]
7.1.1. Talent with reaction ingredients on the bench in front.
7.1.2. Talent adding thermolysin and CaCl2to the tube. TEXT: Thermolysin treatment necessary for cpSRP, optional for cpSec1
7.2. Incubate this protease reaction on ice for 40 min. [1-MED] Quench the protease by doubling the volume with 25 millimolar EDTA (E-D-T-A) in 1xIB.2-CU]
7.2.1. Talent placing the tube on ice and starting the timer.
7.2.2. Adding EDTA to the tube.
7.3. Centrifuge at 3,200 x g in a microcentrifuge for 5 min at 4 °C to recover thylakoids. [1-MED] After removing the supernatant, resuspend recovered thylakoids in 120 microliters of 5 millimolar EDTA in 1xIB and transfer to a new 1.5 mL tube.[2-CU]
7.3.1. Talent placing the sample in the centrifuge and starting the run..
7.3.2. Talent adding EDTA to the pellet to wash and transferring the thylakoids to the new tube
7.4. After centrifuging again at 3,200 x[image: ] g in microcentrifuge for 5 min at 4 °C, discard the supernatant…and resuspend the pellet in an appropriate volume of Laemmli (pronounce lam-lee) Sample Buffer supplemented with 10 millimolar EDTA. [1-CU]
7.4.1. Talent removing the supernatant and adding Laemmli Sample Buffer and resuspending.
7.5. Place the samples in a boiling water bath for 10 minutes [1-MED]. Proceed to analyze the samples by SDS-PAGE (pronounce S-D-S-page). [2-MED]
7.5.1. Placing the sample in a boiling water bath.
7.5.2. Talent at SDS-PAGE loading gel.

8. Results: Transport of Proteins Through cpTat and cpSec1and Integration Through cpSRP Pathways
8.1. Transport of iOE17 (I-O-E-17) protein through cpTat pathway resulted in a size shift of 2-3 kilo Daltons between the introduced substrate and the mature processed form. This is due to a cleavage of the N-terminal signal peptide, indicating a successful cpTat transport. Additionally, non-transported substrate was degraded through thermolysin treatment. [1-LM]
8.1.1. Figure 1Video editor: When the VO says: “iOE17 protein” emphasize the dark band in lane 1, when they say “a size shift of 2-3 kilo Daltons” emphasize lanes 2 and 3, when they say “the mature processed form” emphasize bottom of lanes 2 and 3. During last sentence emphasize the dark band in lane 4.
8.2. Transport of prOE33 (O-E-33precursor) through the cpSec1 pathway resulted in a size shift in the mature substrate and protease protection of transported substrate.[1-LM]
8.2.1. Figure 2Video editor:When the VO says: “O-E-33 precursor” emphasize the band in lane 1, which corresponds to prOE33, when they say “a size shift in the mature substrate” emphasize dark bands in lanes 2, 3, and 4. When the VO says “protease protection” emphasize or point an arrow to the sliver of space above the mature band in lanes 2, 3, 4 and right next to the prOE33 band in lane 1. Basically, point to the space where the bands would be if there was prOE33 in lanes 2, 3 and 4.
8.3. Insertion of prLHCP(L-H-C-P precursor) into the thylakoid membrane via the cpSRP pathway evaluated through thermolysin digestion led to a size shift of 1.5-2 kilo Daltons. This indicated successful membrane insertion as the membrane protects the uncleaved mature L-H-C-P- degradation productfrom complete proteolysis.[1-LM]
8.3.1. Figure 3Video editor: When the VO says: “prLHCP” emphasize the dark upper band in lane 1, which corresponds to prLHCP, when they say “a size shift of 1.5-2 kilo Daltons” emphasize the lower dark band in lane 2, which corresponds to mLHCP. When they say “uncleaved mature L-H-C-P- degradation product” emphasize again the lower dark band in lane 2, which corresponds to mLHCP.

9. Conclusion (said by authors on camera)

9.1. Anthony: After watching this video, you should have a good understanding of how to isolate thylakoids and assay transport activity through the energy dependent cpTat, cpSec1 and cpSRP pathways.[1-MED]
9.1.1. Anthony speaks towards the camera, interview style.
9.2. Anthony: Once mastered, this technique can be done in 3-4 hours when performed properly.[1-MED]
9.2.1. Anthony speaks towards the camera, interview style.
9.3. Steve: Author note: An extra spoken line by Steve about the fact that we usually turn the overhead lights off during this procedure. 
9.4. Anthony: While attempting this procedure, it’s important to keep isolated chloroplasts and thylakoids at 4C. Remember to resuspend chloroplasts gently in the beginning. Avoid disturbing the Percoll gradient after first centrifugation step. A percent input sample can be prepared in parallel with the transport reactions and run on the same gel to estimate the substrate transported.[1-MED]
9.4.1. Anthony speaks towards the camera, interview style.
9.5. Steve: Don't forget that working with radioactive substrates requires conscientious handling and PPE. [1-MED]
9.5.1. Anthony speaks towards the camera, interview style.
9.6. Steve: After its development, this technique paved the way for researchers in the field of protein translocation to explore energetics and mechanisms of transport in plastid biology.[1-MED]
9.6.1. Steve speaks towards the camera, interview style.
*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.


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.

Do I list the files that we included for Figures 1 through 3 here, or can you use what we already sent in? 

If we already have all of your images and they are of sufficient quality, you don’t need to do anything. We encourage you to submit figures that are layered, so that our video editors have a better source to work from while editing. Thank you.


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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