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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)___Y______  

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.) ___________________________________________
.

2.3.3. We think it is beneficial for viewers to be able to see the size of the pellet.
2.6.2. We think it is beneficial for viewers to be able to see the pellet, if possible. 

3.3.2. This is a critical step.

3.3.3. This is a critical step.

4.3.2. We think it is beneficial for viewers to be able to see the color of samples.

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.) ___________________________
3.3.2. This is a critical step.

3.3.3. This is a critical step.

E.  Location: 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. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to determine the glycogen content in cyanobacteria using an enzyme-based selective hydrolysis and assay. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Alice: This method can help answer key questions in the cyanobacterial field, such as physiology, molecular genetics, and bioengineering of different cyanobacterial strains under investigation [1-MED].
1.1.1. Alice speaks toward the camera, interview style. 
1.2. Niels-Ulrik: The main advantage of this technique is that it is adapted to a small scale, easy to perform, and is highly sensitive and selective to glycogen [1-MED].   
1.2.1. Niels-Ulrik speaks toward the camera, interview style. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Yumiko: Though this method can provide insight into cyanobacteria, it can also be applied to other microorganisms that accumulate glycogen or starch, such as E. coli, yeast, microalgae, and various heterotrophic and photosynthetic microorganisms [1-MED].
1.3.1. Yumiko speaks toward the camera, interview style.
Note to authors – there is no need to introduce Alice because she is saying an interview statement and will be introduced with on-screen text.

Protocol: (read by voice talent at JoVE)
2. Lysis of Cyanobacterial Cells
2.1. Begin this protocol with preparation of Cyanobacterial cultures as described in the text protocol [1-MED-over the shoulder].
2.1.1. Talent retrieves the grown up cultures from the incubator.  
2.2. Transfer 1 milliliter of cyanobacterial culture or cell suspension to a 1.5-milliliter tube [1-CU].  Then, centrifuge at 6,000 x g and 4 degrees Celsius for 10 minutes [2-MED].
2.2.1. 1.5 mL tube as talent transfers the cyanobacterial culture there.
2.2.2. Talent places the sample into the centrifuge, shuts lid, and starts the run.  
2.3. Discard the supernatant before resuspending the pellet in 1 milliliter of 50 milliMolar Tris-HCl, pH 8 [1-CU].  Centrifuge the resuspended pellet as before [2-MED-over the shoulder-TXT].  Discard the supernatant and resuspend the cell pellet a second time in the Tris-HCl buffer [3-MED-TXT].  
2.3.1. Sample as talent discards the supernatant and resuspends the pellet in 1 mL of 50 mM Tris-HCl, pH 8.  Use labeled containers.
2.3.2. Talent places the sample into the centrifuge, shuts lid and starts run.  TEXT Overlay: 6,000 x g, 4 ºC, 10 min
2.3.3. Talent discards the supernatant and resuspends the cell pellet with buffer.  Use labeled containers.  TEXT Overlay: Repeat the process again.
2.4. Then, thoroughly resuspend the pellet in 500 microliters of 50 milliMolar Tris-HCl buffer, pH 8 [1-CU].  It is crucial to have the pellet well suspended for an efficient lysis [2-ECU].  Keep the resuspension in ice [3-MED].
2.4.1. Sample and labeled buffer container of buffer as talent transfers 500 microliters of the buffer to the pellet and begins to resuspend.  Continue action in the next shot.
2.4.2. Pellet as talent resuspends the pellet.
2.4.3. Talent places the sample on ice and transfers to the ultrasonication machine.  
2.5. Lyse the resuspended cells at 4 degrees Celsius by 30 cycles of ultrasonication, with each cycle consisting of 30 seconds at a frequency of 20 kiloHertz with the maximum amplitude, followed by 90 seconds without [1-MED-over the shoulder]/[2-CU].
2.5.1. Talent lyses the resuspended cells at 4 degrees Celsius by 10 cycles of ultra-sonication with 30 s cycles of 20 kH max amplitude.  Match action in next shot.  Editors, please use 2.5.1 and 2.5.2 to cover the narration for 2.5.
2.5.2. Tube of cells as talent sonicates them. 
2.6. Centrifuge the tube containing the lysate at 6,000 x g and 4 degrees Celsius for 10 minutes [1-MED].  Following centrifugation, the pellet should be mainly large cell debris and the supernatant is used for further analysis [2-CU-TXT].
2.6.1. Talent places the cells into the centrifuge, shuts lid and starts run.
2.6.2. Tube of centrifuged sample as talent transfers the supernatant to a new tube.  TEXT Overlay: Repeat ultrasonication if there is a significant amount of unbroken cells
2.7. At this point, determine the protein concentration by using the protein assay kit.  [1-MED-over the shoulder-TXT].  
2.7.1. Talent inserts the 96-well plate with colored samples in some of the wells into the plate-recorder.  TEXT Overlay: Use value to normalize the glycogen content on a protein basis
3. Glycogen Precipitation, Enzymatic Hydrolysis, and Glycogen Determination 
3.1. Remove chlorophyll a from the cell lysate by mixing 900 microliters of ethanol and 100 microliters of the obtained supernatant in a 1.5-milliliter screw-cap tube [1-CU-TXT]. 
3.1.1. 1.5 mL screw-cap tube as talent combines 900 microliters of ethanol and 100 microliters of the obtained supernatant.  TEXT Overlay: Use 96% (v/v) ethanol
3.2. After closing the cap, heat the tube at 90 degrees Celsius for 10 minutes using a standard laboratory heating block [1-MED-over the shoulder].  Then, incubate the tube in ice for 30 minutes [2-CU].
3.2.1. Talent places the closed tube on the heating block and starts a timer to count down from 10 minutes.
3.2.2. Sample tube as talent places the tube on ice and starts the timer to count-down from 30 minutes.
3.3. Next, centrifuge the tube at 20,000 x g and 4 degrees Celsius for 30 minutes [1-MED].  Following centrifugation, carefully remove the supernatant.  The pellet contains glycogen [2-CU].  Lightly dry the pellet in air to remove excess ethanol.  Do not excessively dry the pellet to avoid difficultly dissolving it [3-MED-over the shoulder].
3.3.1. Talent places the tube into the centrifuge, shuts lid and starts run.
3.3.2. Centrifuged sample as talent carefully removes the supernatant.
3.3.3. Talent leaves the pellet to dry in air. 
3.4. Measure the absorbance at 666 nanometers of the obtained supernatant to determine the chlorophyll a content.  The value can be used to normalize the glycogen content [1-MED].    
3.4.1. Talent transfers the supernatant to a cuvette and places the cuvette in a spectrophotometer for recording.
3.5. Dissolve the pellet in 100 microliters of 50 milliMolar sodium acetate, pH 5 [1-CU].  Mix these materials well using a vortex.  Mixing by pipetting is not recommended because the mixture is viscous [use 3.6.1.]. Also add 50 microliters of 8 Units per milliliter amyloglucosidase and 50 microliters of 2 Units per milliliter of alpha-amylase [2-MED].  
3.5.1. Sample tube as talent dissolves by vortexing the pellet in 100 microliters of 50 mM sodium acetate, pH 5.  Use labeled containers.
3.5.2. Talent adds 50 µL of 8 U/mL amyloglucosidase and 50 µL of 2 U/mL alpha-amylase to the resuspended pellet.  Use labeled containers.
3.6. Mix these materials well using a vortex.  Mixing by pipetting is not recommended because the mixture is viscous [1-CU].
3.6.1.  Sample tube as it is vortexed.
3.7. Next, incubate the mixture at 60 degrees Celsius in a heating block for 2 hours to enable the digestion of glycogen into glucose molecules [1-MED-over the shoulder].  Following incubation, centrifuge the sample at 20,000 x g for 5 minutes and transfer the supernatant to a new 1.5-milliliter tube [2-MED].
3.7.1. Sample tube as talent places on a heating block and starts an adjacent timer to count down from 2 hours.
3.7.2. Talent pulls the centrifuged sample out of the centrifuge and transfers the supernatant to a new 1.5 mL tube.
4. Determination of Total Glucose Content by the Glucose Oxidase-Peroxidase (GOD-POD) Reagent
4.1. Measure the concentration of glucose in the supernatant following enzymatic hydrolysis using the GOD-POD (pronounced as “G-O-D-P-O-D”) reagent [1-MED-over the shoulder].  
4.1.1. Filmed as written? Authors deleted shot but not VO, unsure. So, recording VO to be certain.
4.2. Transfer 100 microliters of the supernatant from the glycogen precipitation step to a well in a 96-well plate [1-CU].  As a negative control, use 100 microliters of 50 milliMolar sodium acetate, pH 5 [2-MED-over the shoulder].  For generating the calibration curve, also measure the glucose standard solutions [3-CU].
4.2.1. 96-well plate as talent transfers 100 microliters of the supernatant from the glycogen precipitation step (from step 3.7) to a well.  Use labeled containers. Cover with 4.2.2
4.2.2. Talent pipettes 100 microliters of 50 mM sodium acetate, pH 5 into a well of the 96-well plate.  Use labeled containers.
4.2.3. Plate as talent pipettes the glucose standard solutions there.   
4.3. Add 150 microliters of GOD-POD reagent to each sample and quickly mix by pipetting [1-MED-over the shoulder].  Incubate the plate at 25 degrees Celsius for 30 minutes [2-CU].  Then, record absorbance value at 510 nanometers using a plate reader [3-MED].  
4.3.1. Talent adds 150 microliters of GOD-POD reagent to each sample and quickly mixes by pipetting.  Use labeled containers.
4.3.2. Plate as talent places into the 25 degrees Celsius incubator.
4.3.3. Talent inserts the plate into plate reader.
4.4. Calculate the amount of glycogen as the glucose equivalent using a calibration curve obtained from the glucose standards [1-MED-over the shoulder].
4.4.1. Talent works to calculate the amount of glycogen using the calibration curve on the computer or in a lab notebook. 
5. Results: Measurement of Glycogen Contents in Synechocystis sp. 
5.1. The glycogen contents in Synechocystis (pronounced as “sin nek-oh sis-tis”) are shown here [1-LM].  The two mutant strains, delta pmgA… [2-LM] and delta pmgR, which are known to hyper accumulate glycogen [3-LM], were compared to the wild type strain [4-LM].  As expected, the mutant strains showed elevated levels of glycogen [5-LM]. 
5.1.1. 56068fig2large
5.1.2. 56068fig2large – Editors, please highlight the “(pmgA” label.
5.1.3. 56068fig2large – Editors, keeping “(pmgA” highlighted, also highlight the “(pmgR1” label.
5.1.4. 56068fig2large – Editors, remove highlighting and then highlight the “WT” label.
5.1.5. 56068fig2large – Editors, please highlight the “(pmgA” and“(pmgR1” bars, only.
5.2. Conversely, a mutant that lacks glycogen synthase did not accumulate glycogen [1-LM].  The strains used here have been engineered to produce mannitol [2-LM].  

5.2.1. 56068fig1large – Editors, please use an arrow to point out the absence of glycogen in the Glg- strain, where it says “N.D.”
5.2.2. 56068fig1large – Editors, please remove arrow and show figure as is.
5.3. Notably the glycogen synthase mutant produced more mannitol [1-LM] than the control strain [2-LM], which suggests that the carbohydrate synthesized by photosynthesis is redirected to mannitol in the mutant strain lacking the ability to synthesize glycogen [3-LM].
5.3.1. 56068fig1large – Editors, please highlight the white bar at Glg-.
5.3.2. 56068fig1large – Editors, please highlight the white bar at Glg+.
5.3.3. 56068fig1large – Editors, please remove highlighting and show figure as is.
Authors, I reversed the figure numbers to match what is in the manuscript and in the pdf.  Please be aware and make the filenames consistent with what is in the manuscript when uploading the figures.
6. Conclusion (said by authors on camera)

6.1. Alice: After watching this video, you should be able to quantitatively determine the glycogen content in cyanobacteria in 5 hours if it is performed properly [1-MED].
6.1.1. Alice speaks toward the camera, interview style.
6.2. Niels-Ulrik: While attempting this procedure, it’s important to remember to thoroughly resuspend cells and solubilize glycogen pellets to obtain reliable results [1-MED].
6.2.1. Niels-Ulrik speaks toward the camera, interview style.
6.3. Yumiko: Following this procedure, other methods like metabolic enzyme activity assays can be performed using the remaining cell lysates in order to answer additional questions like how carbohydrate metabolism is regulated in cyanobacteria [1-MED].
6.3.1. Yumiko speaks toward the camera, interview style.
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.

56068fig2large  
56068fig1large
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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