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PLEASE READ THE INSTRUCTIONS IN THE GRAY BOXES CAREFULLY AND USE TRACK CHANGES WHILE MAKING ANY EDITS TO THE DOCUMENT. 
This document has several sections on separate pages, so take care to view each page.


Author Questionnaire:
Authors, please fill out the unanswered questions below.  

1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol include software usage? Y
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. Please upload all screen captured files to your project page.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
Steps 2.1 to 2.6

4. 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 below for use by the videographer.

5. Will the filming need to take place in multiple locations? (Y/N)
If yes, how far apart are the locations? 
N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

· The total introduction length (i.e., Required and Optional Interview Statements) cannot exceed 150 words. 
· Restrict the length of each statement to no more than 30 words.
· Please answer the questions below in full sentences to highlight the significance of your protocol. You will be expected to memorize and deliver these sentences as spoken interview statements during filming. 
· Indicate the full name of each author who will give each statement. 
· Each author may give two Introduction statements maximum (i.e., two Required, two Optional, or one Required + one Optional).

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Author Name:Umarah Mubeen ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
System-wide studies are crucial for in-depth understanding of the biological functions. However, multiple independent samples are required for different omics platforms introducing high variability. This method would help to overcome this problem 

What is the main advantage of this technique?

1.2. Author Name: Umarah Mubeen___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

This method offers a robust and high throughput strategy for the simultaneous extraction of chlorophyll, lipids, metabolites, proteins and starch from a single sample of the green alga  Chlamydomonas reinhardtii



OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

· The following OPTIONAL questions may be answered to provide additional introductory information about your protocol. 
· The length of each OPTIONAL statement is restricted to no more than 30 words and contributes to the total introduction length, which cannot exceed 150 words. 
· Indicate the full name of each author who will give each OPTIONAL statement. 
· Each author may give two Introduction statements maximum (i.e., two Required, two Optional, or one Required + one Optional).

Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?

1.3. Author Name: ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Are there any specific areas of research that this method could provide insight into? 
Can this method be applied to any other systems?

1.4. Author Name: ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

How would you expect an individual who has never performed this technique to struggle? 
Do you have any advice to offer to somebody who is trying this technique for the first time?

1.5. Author Name: ___________ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

1.5.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera


Why is visual demonstration of this method critical?

1.6. Author Name: ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator (Said by you on camera):

· Please use this statement ONLY if any of the individuals who will be demonstrating the procedure on camera have not given a required or optional Introduction interview statement already.
· Include the full name(s) of the person(s) demonstrating the experiment followed by their title (e.g., technician, post doc, grad student, clinician, etc.) 
· Also indicate the full name of the author who will introduce the demonstrator(s). 

1.7. Author Name: Demonstrating the procedure will be Umarah Mubeen, Lais Albuquerque Giraldi, Gudrun Wolter and Änne Michaelis _________ (name of the person or persons), a _post-doc, guest PhD and technicians________ (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  

1.7.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.8. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at (insert Institutional Name).
	OR
Procedures involving human subjects have been approved by the Institutional Review Board (IRB) or equivalent body at (insert Institutional Name).
Not applicable


Section - Protocol
· Read through the entire protocol carefully to understand what you will need on the filming day and prepare accordingly. 
· The two-digit numbers (e.g. 2.1., 2.2.) represent the “steps” of you protocol and will be read by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the “shots” that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in a single work day, the protocol is restricted to 30 steps and/or 60 shots.
· It is critical for a smooth and organized shoot that all materials and work spaces are prepared and labeled (if applicable) in advance.   
· Any specimens/samples that require long or overnight incubation steps should be prepared in advance. (i.e. day 0 sample preparation will be filmed on the day of the shoot; day 1 samples should be prepared the day before the shoot so their processing can be filmed on the day of the shoot/after their overnight culture/treatment/etc.) 
· Each section must contain a minimum of 3 steps (~6 shots), so short sections may be combined.
2. Chlorophyll, Lipid, and Metabolite Extraction and Fraction Allocation 
2.1. For chlorophyll, lipid, and metabolite extraction, arrange the tubes of harvested Chlamydomonas cells with the cell pellet in liquid nitrogen [1-TXT] and resuspend the pellet in each tube with 1 milliliter of minus twenty-degree extraction buffer one [2-TXT].
2.1.1. WIDE: Talent placing tube(s) into liquid nitrogen TEXT: See text for cell harvest details
2.1.2. MED: Talent resuspending pellet in extraction buffer TEXT: See text for all solution preparation details
2.2. To avoid evaporation of the low viscosity extraction buffer, quickly vortex the tubes until the cells are well homogenized within the extraction mixture [1] and aliquot the solution into 2-milliliter microcentrifuge tubes [2].
2.2.1. MED: Talent vortexing tube(s)
2.2.2. MED: Talent adding mixture to tube(s)
2.3. Sonicate the cultures in a sonication bath in ice cooled water for 10 minutes [1] before incubation on an orbital shaker at 1000 rotations per minute for 60 minutes at 4 degrees Celsius [2].
2.3.1. CU: Culture(s) being sonicated
2.3.2. MED: Talent placing tube(s) onto shaker
2.4. At the end of the incubation, add 650 microliters of extraction buffer two [1] and briefly vortex the samples before centrifugation [3-TXT].
2.4.1. MED: Talent adding buffer to tube(s), with buffer container visible in frame
2.4.2. CU: Sample being vortexed TEXT: 5 min, 20,000 x g, 4 °C
2.5. To aliquot the fractions, transfer 500 microliters of the upper MTBE (M-T-B-E)-lipid phase into a labeled 1.5-milliliter tube [1-TXT].
2.5.1. MED: Talent adding layer into tube TEXT: MTBE: methyl tert-butyl ether
2.6. After vacuum-drying, use a 200-microliter pipette to remove the lipid-phase [1] and transfer 650 microliters of the lower, polar and semi-polar metabolite phase into new labeled tubes [2].
2.6.1. CU: MTBE-phase being removed
2.6.2. CU: Lower phase being added to tube(s), with label(s) visible in frame as possible
2.7. Aspirate the excess volume to remove the remaining lower phase [1] and freeze the solid pellets in liquid nitrogen for minus 80-degree storage [2].
2.7.1. CU: Lower phase being aspirated
2.7.2. MED: Talent freezing sample
3. Polar (Primary) and Non-Polar (Lipid) Metabolite and Chlorophyll Content Determination
3.1. For polar metabolite determination, resuspend the dried pellet of the polar phase in methoxyamine-hydrochloride-pyridine solution for methoxymization of the carbonyl groups [1] and heat the samples at 37 degrees Celsius for 90 minutes [2].
3.1.1. WIDE: Talent resuspending pellet, with solution container visible in frame
3.1.2. MED: Talent placing tube(s) at 37 °C
3.2. At the end of the incubation, derivatize the samples with N-methyl-N-trimethylsilyltrifloracetamide for 30 minutes at 37 degrees Celsius according to standard protocols [1] and use gas chromatography coupled to time-of-flight mass spectrometry to analyze the primary metabolites [2-TXT].
3.2.1. MED: Talent placing sample(s) for derivatization
3.2.2. MED: Talent loading sample onto spectrometer TEXT: See text for full derivatization/GC-TOF-MS details	Comment by Umarah Mubeen: Samples put to GCMS by Gudrun Wolter
3.3. For non-polar metabolite determination, re-suspend the dried pellet of non-polar phase in a mixture of 7:3 volume to volume acetonitrile:isopropanol [1] and sediment the pellets by centrifugation [2-TXT].
3.3.1. MED: Talent adding acetonitrile:isopropanol to tube(s), with acetonitrile:isopropanol container visible in frame
3.3.2. MED: Talent adding tube(s) to centrifuge TEXT: Authors: How many minutes? 5 minutes, 20,000 x g, Authors: at what temp? RT.
3.4. Then separate the samples on a reverse phase C8 column on an ultra performance liquid chromatography system [1-TXT].	Comment by Umarah Mubeen: Samples are automatically added to the column, Anne Micaelis will put the samples in the LCMS system for video shot and show parameters on the monitor.
3.4.1. MED: Talent adding sample to column TEXT: See text for full UPLC separation details
3.5. For chlorophyll content determination, mix 100 microliters of the MTBE-phase with 900 microliters of 90% methanol for a method blank [1] and 100 microliters of the MTBE-phase with 900 microliters of the experimental samples [2].
3.5.1. MED: Talent adding MTBE-phase to methanol, with 90% methanol container visible in frame
3.5.2. MED: Talent adding MTBE-phase to sample(s)
3.6. Then measure the absorbance on a spectrophotometer at 665- and 652-nanometer wavelengths to distinguish between chlorophyll a and chlorophyll b [1] and calculate the chlorophyll a and b content and the total chlorophyll content [2-TXT].
3.6.1.  MED: Talent loading sample onto spectrophotometer
3.6.2. MED-over the shoulder: Talent at computer, calculating content, with monitor visible in frame TEXT: See text for chlorophyll content calculation details
4. Protein Content, Digestion, and Analysis Extraction and Determination
4.1. For protein extraction, dissolve the lower phase pellet in 200 microliters of protein buffer [1] and incubate the sample at room temperature for 30 minutes [2].
4.1.1. WIDE: Talent adding protein buffer to tube, with protein buffer container visible in frame
4.1.2. MED: Talent placing tube in rack at RT
4.2. At the end of the incubation, centrifuge the samples [1-TXT] and transfer the protein-containing supernatant to a new tube [2].
4.2.1. MED: Talent placing tube(s) into centrifuge TEXT: 5 min, 20,000 x g, RT
4.2.2. CU: Supernatant being added to tube
4.3. To determine the protein concentration by Bradford assay, reduce 50 micrograms of the sample in 5-millimolar dithiothreitol for 30 minutes [1] followed by alkylation with 10-millimolar iodoacetamide for 30 minutes at room temperature protected from light [2].
4.3.1. MED: Talent adding DTT to tube, with DTT container visible in frame
4.3.2. CU: Iodoacetamide being added to tube, with iodoacetamide container label visible in frame
4.4. At the end of the alkylation, mix Trypsin-Lys-C solution at a 25:1 protein:protease ratio [1] and incubate the sample for 3 hours at 37 degrees Celsius [2].
4.4.1. MED: Talent mixing solution, with trypsin-lys-C container visible in frame
4.4.2. MED: Talent placing sample at 37 °C 
4.5. Dilute the samples six-fold in 50-millimolar TrisHCl (triss-H-C-L) for an overnight incubation at 37 degrees Celsius [1].
4.5.1. MED: Talent adding TrisHCL to tube, with TrisHCL container visible in frame
4.6. The next morning, terminate the digestion with trifluoroacetic acid to a final concentration of 0.5-1% [1].
4.6.1. MED: Talent adding acid to tube, with acid container visible in frame
4.7. After the digestion, concentrate the samples to near dryness, leaving 2-5 microliters of solution in a vacuum concentrator without heating [1].
4.7.1. CU: Shot of nearly-dried sample 
4.8. Resuspend the sample in loading buffer [1] and analyze the peptide mixtures by liquid chromatography-tandem mass spectrometry using a high-resolution mass spectrometer connected to a nano-ultra pressure liquid chromatography system [2].
4.8.1. MED: Talent adding loading buffer to sample
4.8.2. MED: Talent loading sample onto instrument 
4.9. To separate the peptides, load 4 microliters of sample onto a 20-centimeter reverse phase charged surface hybrid column with an inner diameter of 75 micrometers and a particle size of 1.7 micrometers [1].
4.9.1. MED: Talent loading sample onto column
4.9.2. MED: Talent setting system parameters 
4.10. Use partial loop-offline settings with an isocratic gradient set at 3% of buffer B held for 14 minutes [1] before the loop is shifted to the online position with the column, after which the gradient will be increased linearly for 50 minutes until 20% buffer B is reached [2].
4.10.1. MED: Talent at system, setting offline parameters, with monitor visible in frame
4.10.2. SCREEN: To be provided by Authors: Online parameters being set 	Comment by Bridget Colvin: Authors: Please upload all screen captured files to your project page.
4.11. Within the next 15 min, increase the concentration of buffer B to 30%. In the following 15 minutes, increase buffer B to 40% before reaching 90% of Buffer B after another 4 minutes [1].	Comment by Umarah Mubeen: All LC-MS parameters are set once in the sodtware, while only the video shot of samples rack being put in the LCMS can be recorded in addition to the monitor with software parameters on display.
4.11.1. SCREEN: To be provided by Authors: Concentration being increased to 30%, then concentration being increased to 40%, then concentration being increased to 90%
4.12. Next, perform the washing step to clean the column at 400 nanoliters/minutes and hold the sample for additional 10 minutes [1].
4.12.1. CU: Column being cleaned OR SCREEN: To be provided by Authors: Washing step being set
4.12.2. SCREEN: To be provided by Authors: Sample being set to be held
4.13. Then set back the system to a flow rate of 300 nanoliters/minute and a concentration of 3% buffer B within 1 minutes and equilibrate the column for 15 minutes before the next sample is injected [1].
4.13.1. SCREEN: To be provided by Authors: Flow rate being set, then equilibration step being set


OPTIONAL – Critical Step Statement:
· An OPTIONAL brief statement may be submitted for further elaboration of the best way to perform the required technique for the single most critical step of this procedure. 
· If there is no single critical step, then there is no need to fill out this statement.
· This will be an interview style shot interjected after the relevant step within the Protocol section of the video. 
· This statement is limited to 30 words or less. 
· Please indicate the full name of the Author who will give this statement and the step of the protocol to which the statement pertains using the step numbers from the Protocol section (above).
Fill in the details below based on the instructions above for the “Critical Step Statement”
Author name, Step            :           (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


Section – Results
The Results section is restricted to 200 words of narrative. Please read through the results as presented to make sure that it accurately represents your findings. If you would like to highlight other data, please revise this section accordingly, keeping in mind the word count restriction. Please note that we cannot include narrative without an accompanying visual. 

5. Results: Representative Synchronized Culture Analyses 

5.1. A shift in the cell volume can be observed as the cells grow in size throughout the light phase [1], followed by the release of daughter cells starting at the end of light phase from 10 hours [2].

5.1.1. LAB MEDIA: Figure 1: JoVE Video Editor please emphasize 0-8 h graphs
5.1.2. LAB MEDIA: Figure 1: JoVE Video Editor please emphasize 10 h graph

5.2. Once all of the daughter cells have been released, a shift in the cell volume can be observed as the newly released daughter cells are disposed to begin the next cycle [1].

5.2.1. LAB MEDIA: Figure 1: JoVE Video Editor please emphasize 12-14 h graphs

5.3. Based on the gas chromatography-mass spectrometry analysis of the polar fraction, in this representative experiment, 65 metabolites were annotated [1].

5.3.1. LAB MEDIA: Figure 2A GCMS graph

5.4. The liquid chromatography-mass spectrometry analysis of the lipid-containing neutral phase led to the identification of 204 distinct lipid species, covering various lipid classes [1].

5.4.1. LAB MEDIA: Figure 2A LCMS graph

5.5. Principal component analysis can be used to visualize global shifts in the metabolites and lipids across the cell cycle [1], with a separation of light [2] and dark phases [3], as well as semi-cyclic phases observed for both metabolomics and lipidomic data [4].

5.5.1. LAB MEDIA: Figure 3B
5.5.2. LAB MEDIA: Figure 3B: JoVE Video Editor please emphasize 0-8 data points in both graphs
5.5.3. LAB MEDIA: Figure 3B: JoVE Video Editor please emphasize 10-24 data points in both graphs
5.5.4. LAB MEDIA: Figure 3B: JoVE Video Editor please emphasize break in circles between 8 and 10 h data points

5.6. Here an overview of the functional enrichment of 2463 identified enriched proteins is shown [1].

5.6.1. LAB MEDIA: Figure 4A

5.7. The remaining pellet after protein extraction can be used for reproducible quantification of the starch, as indicated by the low standard deviation among various replicates [1].

5.7.1. LAB MEDIA: Figure 4B 




Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

· Below are questions for statements that can be used to further emphasize the significance of your protocol. At least one statement is required.
· Each statement is limited to 30 words.
· Answer the questions in full sentences, as you will be expected to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will give each Conclusion Interview statement. 
· Each author may give two Conclusion statements maximum.
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
6.1. Umarah Mubeen Author Name: _ ___ (Step: __) (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.1.2. Step 2.2 and 2.5: It is important to avoid drying of the upper phase containing chlorophyll, since this can influence the dissolved chlorophyll levels in the solvent affecting the normalization factor for the samples. 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
6.2. Umarah Mubeen Author Name: ____ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.2.2. Various analytical procedures can be implemented for biochemical characterization of the extracted molecular species.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
6.3. Umarah MubeenAuthor Name: ____ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
6.4. Multiple omics data can be efficiently integrated for the holistic understanding of fundamental cellular processes. 
6.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.
6.5. Author Name: ___(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
6.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Thank you for following the instructions and addressing our questions. We will incorporate your answers/suggestions and send you the finalized script before your shoot. You will also receive detailed shoot preparation instructions in the email accompanying the finalized script.
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