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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Yes.
Can you record movies/images using your own microscope camera? No.
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: Olympus SZ61. – Microscope can be connected to a computer and video can be taken using screen capture software. 
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? No.
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.) 2.5.2, 2.9.2, 2.11.2, 3.2.1, 3.3.2
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.) 
1. Step 2.5.2: the activation step is difficult because timing is of most importance in this step. Leaving the activated eggs in the Calcium ionophore solution will cause the eggs to initiate apoptosis. To overcome this problem, we stir the eggs for 1.5 minutes and stop to check the activation efficiency. If eggs are not activated, resume stirring and check more frequently (e.g. every 30 seconds) until the eggs are activated.
2. Step 3.4.2: the loading step is difficult because the droplets are not stable and tend to leak out of the tube or dry out easily if not being treated carefully enough. To overcome this problem, we immerse the tubes in mineral oil after loading. We can either push the tube into the oil on both ends or first add a few drops of mineral oil on both ends of the tube simultaneously before immerse the tube in oil. 
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? 
Yes. But the locations are only 20-30 feet apart.
1. Introduction (Author Interviews) – As the beginning of your video, the author interviews 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. Ye Guan: This method can help answer key questions in the systems biology field, such as the regulating mechanism behind the mitotic network and the dynamic properties and functions of the cell-cycle clock [1-MED]. 
1.1.1. Named author states the above, looking slightly off to the side. Interview style. 
1.2. Shiyuan Wang: The main advantage of this technique is that it will generate a large quantity of droplets, with multiple cell cycles in each, providing us with a high-throughput framework for quantitative manipulation and analysis [1-MED]. 
1.2.1. Named author states the above, looking slightly off to the side. Interview style.  

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
N/A 
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
N/A
D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. All methods described here have been approved by the Institutional Animal Care and Use Committee (IACUC) of University of Michigan.
Protocol: (read by voice talent at JoVE)
2. Preparation of Cycling Xenopus Extracts
2.1. To begin, discard batches of eggs that have unclear boundaries between animal and vegetal poles [1-LM/CU]…, irregular white spots on top of animal poles [2-LM/CU]…, or eggs laid in strings [3-LM/CU].
2.1.1. Show an example of eggs with unclear boundaries between animal and vegetal poles. Authors: Either have an example of this that we can film on your filming day or upload a high quality picture to your project page. 
2.1.2. Show an example of irregular white spots on top of animal poles. Authors: Either have an example of this that we can film on your filming day or upload a high quality picture to your project page.
2.1.3. Show an example of eggs laid in strings. Authors: Either have an example of this that we can film on your filming day or upload a high quality picture to your project page.
2.2.      Next, select an appropriate batch of eggs from one female frog and transfer the eggs to a 600-milliliter beaker [1-CU]. Pour out an excess of 0.2x MMR buffer and gently add cysteine in 1x extract buffer to the eggs [2-CU-TXT].
2.2.1. Talent transfers the eggs to a 600-mL beaker. 

2.2.2. Talent pours MMR buffer into out of the beaker. Then, talent pours cysteine in extract buffer into the beaker. TEXT: See text for extract buffer composition

2.3. After this, shake the beaker vigorously by hand to remove the jelly coats of the eggs [1-MED]. Repeat this wash 3 times with a total of 800 milliliters of cysteine buffer [2-MED]… or until the eggs aggregate and settle at the bottom of the beaker [3-CU].
2.3.1. Talent shakes the eggs in the beaker vigorously, by hand. 

2.3.2. Talent shakes the eggs in the beaker once more. 
2.3.3. Show detail of the eggs aggregated and settled at the bottom of the beaker. 
2.4. After the jelly coat is removed, wash the eggs 4 times in 1 liter of 0.2x MMR solution [1-MED]. Use a glass pipette to pick up and discard the eggs that turn white [2-MED].
2.4.1. Talent adds 1 liter of MMR solution to the beaker. 

2.4.2. Talent uses a glass pipette to pick up any white eggs. Talent discards the eggs. 

2.5. Pour the MMR buffer out of the beaker and add 200 milliliters of calcium ionophore solution in to the eggs [1-CU-TXT]. Use a glass pipette to stir the eggs gently until they are activated [2-MED/LM]…and remove the calcium ionophore solution [3-MED].
2.5.1. Talent pours the MMR buffer out of the beaker and pours calcium ionophore solution into the beaker. TEXT: 0.1 μg/mL calcium ionophore A23187 in 0.2x MMR buffer 

2.5.2. Talent stirs the eggs with a glass pipette. Video editor: Authors to provide LM showing detail of activated eggs. 
2.5.3. Talent pours away the calcium ionophore solution. 

2.6. Shiyuan Wang: Leaving the eggs in Calcium ionophore solution for too long will initiate apoptosis. We stir the eggs for 1.5 minutes and check the activation efficiency. If they’re not activated, resume stirring and check more frequently until 90% activation is achieved [1-MED].
2.6.1. Named author states the above, looking slightly off to the side. Interview style.     
2.7. After the eggs settle at the bottom of the beaker, check the activation efficiency [1-MED]. Well-activated eggs have approximately 25% of the animal pole and 75% of the vegetal pole [1-ECU/LM].

2.7.1. Talent observes the beaker to check the activation efficiency of the eggs. 

2.7.2. Show detail of a well-activated egg. Authors: Either have an example of this that we can film on your filming day or upload a high quality picture to your project page.
2.8. Next, wash the activated eggs with 50 milliliters of extract buffer, and then 50 milliliters of extract buffer supplemented with protease inhibitors [1-MED-TXT]. Then, carefully transfer the eggs to a 0.4-milliliter snap-cap microtube [2-CU].
2.8.1. Talent adds supplemented extract buffer to the eggs and washes the eggs once. TEXT: 1x extract buffer; 10 μg/mL leupeptin, pepstatin, and chymostatin

2.8.2. Talent transfers the eggs to a snap cap microtube. 

2.9. Centrifuge the microtube for 60 seconds at 200 x g and then at 600 x g for 30 seconds to pack the eggs [1-MED]. Then, use a glass Pasteur pipette to remove the excess buffer on top of the eggs after each step [2-CU].
2.9.1. Talent removes the microtube from the centrifuge after the first spin is done. Then, talent uses a glass pipette to remove excess buffer and puts the tube back into the centrifuge to begin the second spin. 

2.9.2. Talent uses a glass Pasteur pipette to remove excess buffer from the tube. 

2.10. After this, crush the eggs at 15,000 x g for 10 minutes at 4 degrees Celsius [1-MED]. Use a razor blade to cut the tubes to separate the 3 layers of crushed eggs and keep the crude cytoplasm in the middle layer [2-ECU].
2.10.1. Talent places the tube in the centrifuge, closes the lid, and starts the spin. 

2.10.2. Talent uses a razor blade to cut the tube. Show detail of the 3 layers of crushed eggs and cytoplasm layer. (Editor: The authors don’t seem to have uploaded the pictures yet. I recommend using this new lab media once it is uploaded)
2.11. Then, transfer the crude cytoplasm to clean ultracentrifuge tubes [1-CU]. Supplement the cytoplasm with protease inhibitors and cytochalasin B at 10 micrograms per milliliter each [2-CU].

2.11.1. Talent transfers the cytoplasm to an ultracentrifuge tube. 

2.11.2. Talent adds protease inhibitors and cytochalasin B to the ultracentrifuge tube. 

2.12. Centrifuge the crude cytoplasm at 15,000 x g and 4 degrees Celsius for 5 minutes [1-MED]. Then, use a razor blade to cut the tube and keep the cytoplasm in the middle layer. Place the freshly prepared extracts on ice [2-MED].

2.12.1. Talent places the ultracentrifuge tube of cytoplasm in the centrifuge, closes the lid, and starts the spin. 

2.12.2. Talent cuts the tube and places the extract on ice. 
3. Droplet Generation and Imaging
3.1. First, add securin-mCherry mRNA to the prepared extracts [1-CU]. Next, add 200 microliters of 2% PFPE-PEG fluorosurfactant to the extract-mRNA mixture [2-CU]. 
3.1.1. Talent adds the mRNA to the prepared extracts.
3.1.2. Talent adds the fluorosurfactant to the tubes with the extract-mRNA mixture.

3.2. Use a vortex mixer to generate droplets, adjusting the vortex speed and duration as needed [1-MED-TXT]. Then, visually inspect the droplets to ensure they are uniform in size [2-ECU].
3.2.1. Talent places the tubes in the vortex mixer. TEXT: See text for vortex mixer settings

3.2.2. Show detail of the droplets. 

3.3. Using a 200-microliter pipette, transfer the droplets floating on top and an equal volume of surfactant to a PCR tube [1-CU]. Dip a glass tube into the droplet layer and wait until the droplets fill approximately 75% of the tube. Then, push the tube into the surfactant layer and fill the tube completely [2-CU].
3.3.1. Talent uses a pipette to transfer droplets and surfactant into a PCR tube. 

3.3.2. Talent dips a glass tube into the droplets and waits for the glass tube to fill ~75% of the way via capillary action. Talent pushes the glass tube into the surfactant layer and fills the tube completely. Videographer: These actions occur in quick succession. 
3.4. Next, fill a glass-bottomed dish with mineral oil [1-MED]. Then, use fine tweezers to immerse the droplet filled tube in the oil [2-CU]. Use a glass pipette to remove any visible debris or leaked droplets [3-CU-TXT].
3.4.1. Talent fills a glass dish with mineral oil. 
3.4.2. Talent uses tweezers to immerse the glass tube in the mineral oil. 

3.4.3. Talent uses a glass pipette to remove debris and/or leaked droplets. TEXT: Add mineral oil as needed

3.5. Ye Guan: To avoid movement and leakage of droplets, the glass tube filled with droplets should be immersed underneath mineral oil carefully. We can either push the tube on both ends with balance or add a few drops of mineral oil on the ends of the tube simultaneously first [1-MED]. 
3.5.1. Named author states the above, looking slightly off to the side. Interview style.   
3.6. After this, use an epifluorescence microscope equipped with a motorized x-y stage to image the droplets [1-MED-TXT]. Record time-lapse videos in the bright field and multiple fluorescence channels every 6-9 minutes until the droplets lose their activity [2-SCREEN].

3.6.1. Talent places the sample on the stage of the microscope and observes the droplets. TEXT: See text for microscope settings

3.6.2. Show a brief example of one of these videos. 
4. Results: Cell-cycle System Capable of Reconstructing Mitotic Oscillator of Cdk1 and APC/C
4.1. Using this protocol, mitotic oscillation in both simple, nuclear-free cells and complicated cells with nuclei were produced. The nuclei-free droplets generated mitotic oscillation up to 30 undampened cycles over 92 hours [1-LM].
4.1.1. Figure 2A: Video editor: Show figure 2 A.
4.2. The ability of the mitotic oscillator to drive downstream mitotic events was also examined. The self-sustained mitotic oscillator drove the changes of nuclear morphology observed through the autonomous alteration of distinct cell-cycle phases [1-LM].
4.2.1. Figure 2B: Video editor: Show figure 2B. Label the red bars with “Mitosis” and the blue bars with “Interphase”.
5. Conclusion (said by authors on camera)

5.1. Shiyuan Wang: While attempting this procedure, it’s important to remember to mind the time when making extract as it is time sensitive, and always keep the eggs and extract on ice [1-MED].
5.1.1. Named author states the above, looking slightly off to the side. Interview style. Video editor: Use representative footage from steps 2.7 through 3.1
5.2. Ye Guan: After its development, this technique paved the way for researchers in the field of systems biology to explore fundamental principles of complex clock properties like tunability and stochasticity in Xenopus laevis [1-MED].
5.2.1. Named author states the above, looking slightly off to the side. 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.

2.1.1 example picture of bad eggs
2,1,2 example picture of bad eggs

2,1,3 example picture of bad eggs

2.5.2 a picture comparing usual and activated eggs.

2.6.2 detail of a well activated egg.


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.

�Authors: When you submit your post shoot notes, please indicate the file names for these requested images next to the descriptions you have provided here. 
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