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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N
2. Does your protocol include software usage? (Y/N) N
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.
2.3, 3.2, 4.2, 4.4
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. 
Proper labelling of the cells (2.4) and discarding the upper part of the TLC (4.4) 
5. Will the filming need to take place in multiple locations? (Y)
If yes, how far apart are the locations? phosphoimager is in the floor above us. 


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.

1.1. Llorenç Fernández-Coll: This method measures the levels of the global regulator (p)ppGpp during different growth conditions and stress situations. (p)ppGpp can be found in Gram positive and negative bacteria, as well as in plant chloroplasts [1].

1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera. 

1.2. Llorenç Fernández-Coll: (p)ppGpp has a rapid onset, in seconds, which leads to a fast accumulation once a stress is produced. Simultaneously, it has a short half-life, up to 30 seconds. Therefore, there is a need to monitor many cultures at time intervals that may vary from 10 seconds to hours during stress transitions. Growth of radiolabeled bacterial cultures in microtiter dishes facilitates high through-put sampling that allow multiple technical and biological replicates [1]. 

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

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

1.3. Llorenç Fernández-Coll: Make sure to follow the proper safety measures when working with radioactive materials [1].

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




Section - Protocol
2. Labeling with 32P
2.1. To begin this procedure, prepare all media as outlined in the text protocol [1]. Grow overnight cultures in MOPS media with 3 millimolar sodium phosphate [2-TXT].
2.1.1. MED: Talent, at the lab bench, prepares the media. Any action taken during these preparation processes can be filmed for this shot.
2.1.2. MED: Talent places a culture into an incubator.
2.2. Add 550 microliters of MOPS media, containing 0.2 micromolar sodium phosphate carrier and 30 microliters of each bacterial inoculum, to the wells of a 24-well plate. This will result in an initial inoculum with an OD600 of 0.1 [1]. Add fresh media to one well as a sterility control [2].
2.2.1. MED: Talent adds MOPS media with sodium phosphate carrier and bacterial inoculum to the wells of the 24-well plate. Repeat this action for several wells to cover the length of this voiceover narration.
2.2.2. MED: Talent adds fresh media to one of the wells as a sterility control.
2.3. Place the plate in a shaking incubator at 37 degrees Celsius shaking at 900 rpm for 30 minutes [1-TXT]. Growth can be monitored using a plate reader with a replicate plate in parallel in media lacking 32P (“P-thirty two”) using a plate reader while incubating under the same conditions [2].
2.3.1. MED: Talent places the plate in a shaking incubator. TEXT: Attach plate with tape to prevent tilting/spills.
2.3.2. MED: Talent, at a plate reader, loads a replicate plate and monitors the growth.
2.4. Next, add 100 microcuries of 32P orthophosphate to each well of the plate [1-TXT]. Grow the cultures in a shaking incubator for 1 – 2 doublings to allow external label to largely equilibrate with intracellular nucleotide pools [2].	Comment by Fernandez Coll, Llorenc (NIH/NICHD) [F]: We use radioactive material in the lab fume hood. 
It is a limited space and it won’t be easy to film with the proper protections. Also considering the kind of shots that you want to take it may not even be safe. Therefore, to be in the safe site and to be able to film properly, we are not going to use real P32. We think that it should be mentioned in the video, as well that we will not be using protective screens to make it easy to film and visualize.  (Mentioned in Critical Step Statement)
2.4.1. MED: Talent adds 32P orthophosphate to the wells of the plate. TEXT: Caution: 32P is a β-emitting isotope. Use proper shielding.
2.4.2. MED: Talent places the cultures into a shaking incubator.
2.5. Llorenç Fernández-Coll: For proper visualization, no radioactive material was used in this video. In a real experiment, proper shielding is required, as well as constant monitoring for contamination with a survey meter [1].  
2.5.1. INTERIVEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
3. Induction of Stress or Starvation and Sample and ppGpp Extraction
3.1. First, induce stress using a method appropriate for the sort of stress studied [1]. Next, add 20 microliters of each unlabeled cell sample to a separate 0.2 milliliter PCR tube containing 20 microliters of ice cold 6 molar Formic acid [2]. Immediately place the samples on ice [3].
3.1.1. MED: Talent induces stress in the samples. Any action in this process – for any of the methods of inducing stress – can be filmed for this shot.
3.1.2. MED: Talent transfers the unlabeled cell samples into separate PCR tubes containing Formic acid.
3.1.3. MED: Talent places the PCR tubes on ice.
3.2. Enhance cellular extraction efficiency by 3 cycles of freezing and thawing [1]. Just before spotting PEI cellulose thin layer chromatograms, centrifuge the samples for 1 minute at maximum to pellet cell debris [2].
3.2.1. MED: Talent freezes/thaws the cells. Any action in these processes can be filmed for this shot. Videographer: Please capture at least one shot of the freezing process, and at least one shot of the thawing process.
3.2.2. MED: Talent places the tubes into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.

4. Thin-layer Chromatography and Quantitation of (p)ppGpp
4.1. First, set out a 20 centimeter by 20 centimeter PEI-Cellulose TLC plate [1]. Use scissors to remove the top 5 centimeters [2], and use a soft pencil to mark an origin line 1 centimeter from the edge [3].
4.1.1. MED: Talent sets a PEI-Cellulose TLC plate onto the lab bench.
4.1.2. CU: Close up as the talent uses scissors to remove the top 5 cm of the plate.
4.1.3. CU: Close up as the talent uses a soft pencil to mark the origin line.
4.2. Apply a 5 microliter droplet of each sample to the PEI surface [1]. Before the spot can dry, transfer the plate to a tank containing a layer of 1.5 molar monopotassium phosphate [2] that is shallow enough to not touch the origin sample spot [3].
4.2.1. CU: Close up as the talent places a droplet of a sample onto the PEI surface.
4.2.2. MED: Talent transfers the plate to a tank containing monopotassium phosphate.
4.2.3. CU: Close up on the tank showing that the monopotassium phosphate is shallow enough to not touch the origin sample spot.
4.3. Cover the tank with an airtight seal [1], and allow liquid ascent to the top of the 15 centimeter trimmed sheet [2]. After this, remove the fully developed chromatogram [3] and air-dry it at room temperature [4].
4.3.1. MED: Talent covers the tank with an airtight seal.
4.3.2. CU: Close up as the ascent is completing, showing that the liquid has ascended to the top of the trimmed sheet.
4.3.3. MED: Talent removes the fully developed chromatogram from the tank.
4.3.4. MED: Talent sets the chromatogram out to air-dry.
4.4. Cut and discard the top portion of the chromatogram containing the free 32P into radioactive waste [1-TXT]. Use a phosphor screen to expose the autoradiographic films overnight [2].
4.4.1. CU: Close up as the talent cuts and discards the top portion of the chromatogram. TEXT: See Figure 2 for details on identifying this section.
4.4.2. MED: Talent sets out the phosphor screen to expose the autoradiographic films. Any action in this setup process can be filmed for this shot.
4.5. The next day, develop the film and use a phosphoimager to capture and quantitate the phosphor screen signal [1]. Then, use the ImageJ software to quantitate radioactive spots [2-TXT].
4.5.1. MED: Talent, at a phosphoimager, captures the phosphor screen signal.
4.5.2. MED: Talent, at a workstation computer, quantitate radioactive spots. Alternatively, the talent can be shown at the computer reviewing previously obtained and quantified data. TEXT: Schindelin, J. et al. Nature Methods. (2012).; Schneider, et al. Nature Methods. (2012).

5. Measurement of the Rate of ppGpp Decay
5.1. After provoking stress or starvation for a time sufficient to allow ppGpp (“P-P-G-P-P”) accumulation, use an appropriate method to reverse the stress [1]. Take samples every 20 – 30 seconds for up to 2 minutes, and process the samples as previously described [2].
5.1.1. MED: Talent reverses the stress previously induced stress. Any action taken during any reversal process can be filmed for this shot.
5.1.2. MED: Talent takes a representative sample.
5.2. Once the TLC is developed and the levels of ppGpp are obtained during the time course, plot the residual ppGpp content on a semi-logarithmic plot versus time [1].
5.2.1. MED: Talent, at the workstation computer, plots the residual ppGpp content on a semi-logarithmic plot versus time. Alternatively, the talent can be shown at a workstation computer reviewing a previously created plot.



Section – Results
6. Results: In Vivo Measurements of Escherichia coli
6.1. In this study, cells growth in MOPS – containing all amino acids except for ILV – are labeled with 32P [1]. Once labeled, L-valine is added to produce isoleucine starvation [2]. After 5 minutes, a 2- and 2.5-fold increase in the levels of tetra- and penta-phosphate of guanosine occurred [3].
6.1.1. LAB MEDIA: Figure 3. Video Editor: Show only Figure 3A.
6.1.2. LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3A.
6.1.3. LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3A. Emphasize the spots for ppGpp and pppGpp under the 5 min header.
6.2. A negative control of a cell-free labeled sample is used to detect possible compounds that are not orthophosphate in the 32P source [1].
6.2.1. LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3A. Emphasize the lane with the header “C-“.
6.3. Reversal of isoleucine starvation can be achieved by chloramphenicol, an inhibitor of protein synthesis, which reduces the consumption of charged isoleucine t-RNA and – in turn – restores high ratios of charged-to-uncharged tRNA [1].
6.3.1. LAB MEDIA: Figure 3. Video Editor: Show only Figure 3B.
6.4. Activation of the strong RelA-mediated ppGpp synthetase is abolished, which allows a measure of ppGpp degradation unperturbed by residual synthesis [1]. In this case, ppGpp decays with a half-life of approximately 64 seconds [2].
6.4.1. LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3B.
6.4.2. LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3B.


Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Llorenç Fernández-Coll: It is important to let the cells grow for a couple of generations to achieve a uniform labeling before inducing any stress or starvation [1] [2]. 

7.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

7.1.2. Use shot 2.4.2.

7.2. Llorenç Fernández-Coll: Because ppGpp is so widely spread among bacteria, this method can be applied to other organisms. Modifications of the TLC development method could allow a proper separation of other regulatory nucleotides, such as (p)ppApp [1].

7.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
7.3. Llorenç Fernández-Coll: 32P is a β emitting isotope so, it is important to use proper shielding and to properly discard any residue [1]. 

7.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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