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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No
B.   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 steps using the step numbers listed in this document. 2.6, 2.7, 2.10, 3.2, 3.4, 3.5 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. Pipetting out the swarmer cells (2.10 and 3.5) 
E.  Will the filming need to take place in multiple locations? Yes
If yes, how far apart are the locations? A cold room and a laboratory room, which are across the hall from one another
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of this procedure is to isolate Caulobacter (pronounced: CALL-oh-bac-ter) swarmer cells in order to establish a synchronized cell culture. (Intro)
This is accomplished by first growing a mixed culture of Caulobacter cells and then briefly arresting growth by resuspending the cells in cold medium. (P1: Begin by showing a culture tube [DAM #518, tube with medium in it only, or a similar tube from the DAM] and have the three cell types from P1 in the tube. Then, have the cell types move into a centrifuge tube like in P2 but without the two bands—and shrink the cell types to form a small dot or pellet at the bottom of the tube. Add a clear liquid to the cell pellet with a micropipettor [similar to DAM #2538]; indicate the liquid is cold with ice [like the melting cube in DAM #261; alternatively, have a bottle, like DAM #1108, or a conical tube, like DAM #4202, labeled “Medium” filled with clear liquid and resting in an ice bucket, like DAM #305, and transfer liquid from the tube on ice to the tube with the cell pellet]. Then have the dot in the tube disperse and fill the solution with many copies of the three cell types.)
The second step is to separate the swarmer cells through differential density centrifugation. (P2: Take the tube filled with cells from the end of P1 and indicate that it is centrifuged either by showing the tube placed in a centrifuge [like DAM #3509] or having the tube spin once around with the top of the tube in the center and the bottom of the tube making the wider part of the circle. After the spin, show the image from P2 of the tube with the two separate bands. Also have the bottom band labeled “Swarmer.”) 
The next step is to resuspend the swarmer cells in warm medium… which allows the cells to enter the cell cycle. (P3: Indicate transfer of swarmer band to a new tube, and add liquid to the tube with the micropipettor as described in P1, but indicate that the medium is warm, possibly just with the temperature “28 ºC.” Then at mention of “which allows,” zoom in to show a swarmer cell  [first cell in P4 graphic]. Then have both straight and the one squiggly line fall off of the cell, and show a stalk [or rectangle] elongate out from the bottom of the cell, and add the line to the center circle to make the second cell in P4. Then have the oval body elongate with the 2nd center circle moving upward to form the third cell. Have the cells begin to divide by pinching in the sides if possible and have a squiggly line sprout from the top to make the fourth figure. Finally, show the lines fuse to separate the cells and move them apart, if possible, to make the fifth diagram of P4.) 
Finally, the isolated swarmer cells can be followed throughout the cell cycle by using biochemical assays or microscopy. (P4: Western blot from LAB MEDIA Figure 2 and static microscopy image of swarmer cells [same as used in protocol step 2.4.3—TO BE PROVIDED by the author].)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Only one statement should be chosen and completed per author
1.1. Jared Schrader: The main advantage of this technique over existing methods, like the baby cell machine, is that the cells can be isolated quickly and in large enough quantities for biochemical studies. 

1.2. Jared Schrader: This method can help answer key questions in the cell biology field, such as what controls chromosome segregation and asymmetric cell division cycle. 

1.3. Jared Schrader: This method was originally described by Nina Agabian’s lab, and has since been adopted by every Caulobacter lab as a tool to synchronize swarmer cells in high yield.

(Note to the authors: Only 1-2 statements are allowed per author. Other statements may be substituted or spoken by another author.)
Protocol (read by voice talent at JoVE):
2. Large-scale Synchrony for Material Intensive Assays
2.1. To begin, inoculate 5 ml of PYE (pronounced: P-Y-E) medium with bacteria from a plate of Caulobacter crescentus (pronounced: CALL-oh-bac-ter cre-SEN-tus) strain NA1000 (pronounced: N-A one-thousand). Grow the culture overnight at 28 oC with shaking.
2.1.1. MED: Talent inoculates PYE medium. 
2.1.2. MED: Talent places culture in the incubator. 
2.2. The following day, transfer 0.5 ml of the overnight culture to a flask containing 25 ml of M2G (pronounced: M-two-G) medium, and shake the flask at 28 oC until the culture reaches an optical density between 0.5 and 0.6.
2.2.1. CU/MED: Talent pipets 0.5 ml of culture and adds to flask.
2.2.2. MED: Talent places flask in incubator. 
2.2.3. MED (Over the shoulder)/CU: Multiple usable shots of talent measuring OD of culture. Shot will be repeated later. (TEXT: OD600: 0.5-0.6)

2.3. Next, dilute the culture into 1 L of M2G medium to obtain the desired starting optical density, and shake the flask at 28 °C.  
2.3.1. MED: Talent pipettes the contents of the flask into 1L of medium

2.3.2. MED: Talent places the 1 L flask in shaker.

2.4. When the optical density of the culture reaches 0.5, pipet 1 µl of the culture onto a slide, and then cover the liquid with a coverslip. Image the cells by phase microscopy to confirm the presence of rapidly swimming swarmer cells. 
2.4.1. Use 2.2.3. 
2.4.2. ECU: Multiple usable shots of talent pipetting 1 µl onto a slide, and placing coverslip over liquid. Shot will be repeated.
2.4.3. MED: Multiple usable shots of talent placing slide under microscope. Shot will be repeated later.
2.4.4. LAB MEDIA: To be provided by the authors
(Note to the Authors: Please provide a screen shot/microscopy image of the swarmer cells.)

2.5. Transfer the culture to a sterile centrifuge tube, and then spin the cells at 7000 times g for 15 minutes at 4 °C.
2.5.1. MED: Talent puts culture into centrifuge tube.

2.5.2. MED: Talent places the tube into the centrifuge. 
2.6. Next, discard the loosely pelleted cells when pouring off the supernatant, and add 180 ml of cold M2 medium. Use a serological pipette to gently resuspend the cells.
2.6.1. ECU: Talent pours off the supernatant and loosely pelleted cells. 
2.6.2. MED: Talent adds 180 ml of M2 medium to centrifuge tube.
2.6.3. CU: Talent resuspends cells with the pipette.
2.7. Then add 60 ml of cold Colloidal silica solution to the cell suspension and mix well. Pour the cell suspension into eight 30 ml tubes, and centrifuge them at 6400 times g for 30 min at 4 oC.
2.7.1. CU: Talent adds 60 ml of silica solution to the centrifuge tube and mixes solution. 
2.7.2. MED (Over the shoulder): Talent pours cell suspension into one tube, with other tubes to be filled visible. 

2.7.3. MED: Talent places tube(s) into centrifuge. 
2.8. Gently remove the tubes from the centrifuge, and check the tube for two distinct bands. The lower band contains the swarmer cells, and pre-divisional cells are in the top band.
2.8.1. MED: Talent removes a tube from the centrifuge.

2.8.2. ECU: Show division of cells in one of the centrifuge tubes. (Video Editor: Please add a line or arrow and a text label of “Swarmer cells” to indicate the lower band at its mention, and then a line and label of “Pre-divisional cells” to indicate the top band at its mention.)
2.9. Next, carefully aspirate the top band and the liquid up to approximately 1 cm above the lower band.
2.9.1. ECU/CU: Talent aspirates the top band
2.10. Use a Pasteur pipet to remove the swarmer band and transfer it to a clean tube. Fill the tube with cold M2 medium and then centrifuge the tube to wash away the Colloidal silica.
2.10.1. ECU: Talent uses pipet to remove the lower band and transfer it to a clean tube (TEXT: Critical Step!)
2.10.2. MED: Talent fills tube with cold medium.

2.10.3. WIDE: Talent places tube in the centrifuge. (TEXT: 6400 x g, 10 min, 4 oC)
2.11. Next, carefully discard the supernatant… and resuspend the cells in 20 ml of cold M2 medium. Centrifuge again to pellet the cells.
2.11.1. CU: Talent pours off the supernatant.

2.11.2. CU: Talent adds M2 medium to centrifuge tube.
2.11.3.  MED (Over the shoulder): Talent places tubes in the centrifuge. (TEXT: 6400 x g, 10 min, 4 oC)
2.12. Resuspend the pellets in 30 ml of cold M2 medium, and then measure the optical density of the suspension. 
2.12.1. MED: Talent resuspends cell pellet.
2.12.2. MED/WIDE: Talent reads the OD. 
2.13. Place 1 µl of the cell suspension on a microscope slide and use phase imaging to check for swarmer cells.
2.13.1. Use 2.4.2 
2.13.2. Use 2.4.3
2.14. Next, centrifuge the cells…, and resuspend them in M2G medium to an optical density between 0.3 and 0.4. Incubate the culture with shaking at 28 °C.
2.14.1.  MED: Talent removes tube from centrifuge and places in a rack. (TEXT: 6400 x g, 5 min, 4 oC)
2.14.2. CU: Talent resuspends cells.
2.14.3. MED: Talent places flask in incubator with shaking.
2.15. For western blot or gene expression assays, remove 1 ml aliquots every 10 to 30 minutes for approximately 140 minutes until the optical density of the culture doubles.
2.15.1. MED (Over Shoulder): Talent removes aliquots with timer in view. 
2.16. Use a tabletop centrifuge to spin down the cells for 30 seconds, and then rapidly aspirate the medium.
2.16.1. [2.16.1 to 2.17.1 combined] MED: Talent removes tubes from the centrifuge.

2.16.2. CU: Talent aspirates the medium out of tube.
2.17. Flash freeze the cell pellets in liquid nitrogen and store them at -80 oC. 
2.17.1. MED: Talent puts the pellets in liquid nitrogen

2.17.2. WIDE: Talent takes the pellets to -80oC freezer.
3. Small-scale Synchrony 
3.1. For small-scale synchrony, inoculate 5 ml of M2G medium with NA1000 cells, and grow the cells overnight with shaking at 28 oC.
3.1.1. MED: Talent inoculates culture.
3.1.2. MED (Over the shoulder): Talent places culture in the incubator.
3.2. The following day, dilute the culture in 15 ml of M2G medium and grow the cells until the optical density is between 0.5 and 0.6. Centrifuge the cells… and then resuspend them in 1 ml of cold M2 medium. Transfer the cells to a 2 ml microcentrifuge tube.
3.2.1. MED: Talent dilutes culture in 15 ml of medium.
3.2.2. Use 2.2.3. (Video Editor: Use a CU shot from 2.2.3 showing the spectrophotometer screen.)
3.2.3. MED: Talent removes tube from the centrifuge. (TEXT: 6,400 x g, 5 min, 4 °C). 

3.2.4. CU: Talent uses pipette to resuspend cells and transfers the suspension to a 2 ml tube.
3.3. Pellet the cells by centrifugation and aspirate the supernatant. Then, place the tube on ice and resuspend the cell pellet in 900 µl of cold M2 medium.
3.3.1. MED (Over the shoulder): Talent removes tube from centrifuge. (TEXT: 15,000 x g, 3 min, 4 °C) [shot as 2.8.2 which is what this footage should be used for since there was a misunderstanding as to which groups of cells were in which centrifuge at which time...note: another couple of 3.3.1 shots were done later and are in the correct centrifuge but focus on the cu of the layer.]
3.3.2. ECU/CU: Talent aspirates the supernatant.
3.3.3. MED/CU: Talent resuspends the pellet with the tube on ice.
3.4. Next, add 900 µl of cold PVP-coated colloidal silica and centrifuge the tube for 20 min.
3.4.1. MED/CU: Talent adds 900 µl of silica (show bottle with label).
3.4.1.1. [added] shot of tubes

3.4.2. MED (Over the shoulder): Talent places tube in centrifuge. (TEXT: 15,000 x g, 20 min, 4 °C)
3.5. Carefully, aspirate the top pre-divisional cell band… and then collect the bottom swarmer band into a new microcentrifuge tube.  
3.5.1. ECU: Talent aspirates the top band.
3.5.2. ECU: Talent transfers the swarmer band into a new tube. (TEXT: Critical Step!)
3.6. Wash the swarmer cells two times in 1 ml of cold M2 medium while centrifuging for 3 minutes between each wash.
3.6.1. MED: Talent washes cells with medium. 
3.6.2. MED (Over the shoulder): Multiple usable takes of talent placing tubes in the centrifuge. Shot will be repeated later. (TEXT: 15,000 x g, 3 min, 4 °C) 
3.7. Right before the final spin, place the cell suspension in a pre-chilled 1 ml glass test tube and measure the optical density of the cells. Then transfer the cells to a microfuge tube and centrifuge.
3.7.1. MED: Talent transfers cells into a glass test tube.
3.7.2. CU/MED: Talent reads the OD of the cells.
3.7.3. Use shot 3.6.2. (TEXT: 15,000 x g, 3 min, 4 °C) 
3.8. After centrifuging, resuspend the final cell pellet in pre-warmed M2G medium at an optical density between 0.3 and 0.4, and shake the cells at 28 °C. If microscopy is desired, place 1 µl of the culture onto an M2G agarose pad at the appropriate time points.
3.8.1. ECU: Talent resuspends the cells.
3.8.2. MED: Talent places tubes in the incubator. 
3.8.3. ECU: Talent places cells on an agarose pad.
4. Results: Synchronization of Caulobacter Strain NA1000
4.1. Differential density centrifugation of an asynchronous culture yields two bands of cells. The bottom band contains swarmer cells, which have a higher density, and the top band contains stalked and pre-divisional cells, which have a lower density.
4.1.1. LAB MEDIA: Figure 1B. (Video Editor: Start with both tubes, labeled large and small scale. Have the swarmer cell appear at the mention of “the bottom band” next to the lower band of the large tube and with a line from the lower band in the small tube. Then have the stalked/predivisional cells appear at mention of “the top band” next to the upper band of the large tube and with a line from the upper band of the small tube.)
4.2. The optical density of the culture increases by approximately 2 fold during the course of the cell cycle. During this time, swarmer cells differentiate into stalked cells. Stalked cells then replicate and undergo asymmetric cell division, with each division yielding a new swarmer cell and the parent stalked cell. 
4.2.1. LAB MEDIA: Figure 2 (Video Editor: Start with the top and middle panels of Fig. 2 [the diagram and the graph]. Change the Y axis of the graph to “OD600”. Make a bracket on outer left side of graph from 0.25 to 0.52 to show change the change in OD at mention of “increases by approximately…” Then highlight the swarmer cell at the very left at “swarmer cells,” then the next cell to the right at “differentiate into stalked cells.” Then highlight the next two drawings in the diagram at “Stalked cells then replicate…” and then highlight the last drawings on the right at “yielding a new swarmer cell…”)
4.3. A western blot for the cell cycle master regulator, CtrA, (pronounced: C-T-R-A) is a useful control to verify synchronization. CtrA blocks DNA replication in swarmer cells and is degraded upon DNA replication. 
4.3.1. LAB MEDIA: Figure 2 (Video Editor: Start with the top panel and the bottom panel (leave out the graph). Highlight lane 1 of the blot and the swarmer cell on the left in the top panel at mention of “CtrA blocks DNA…” Then highlight lanes 2-4 of the blot and the second drawing in the top panel at “and is degraded…”)
4.4. CtrA is then synthesized later in the cell cycle, preventing re-initiation of DNA replication and activating transcription of many developmental genes. This oscillating pattern of CtrA protein levels indicates a successful synchrony.
4.4.1. LAB MEDIA: Figure 2 (Video Editor: Highlight lane 5 of the blot and the third drawing in the top panel at mention of “then synthesized…” Then highlight the entire blot at “This oscillating pattern of…”)
5. Conclusion (said by authors on camera)
5.1. Jared Schrader:  After watching this video, you should have a good understanding of how to synchronize Caulobacter NA1000 cells to investigate the bacterial cell cycle and asymmetric cell division 

5.2. Jared Schrader: This cell synchronization technique can be done in 1 to 2 hours if it is performed properly. While attempting this procedure, it’s important to remember to work quickly.
5.3. Jared Schrader: Following this procedure, other methods like western blots and microscopy can be performed in order to answer additional questions about the mechanisms of Caulobacter cell cycle control proteins.

5.4. Jared Schrader: Don't forget that working with high speed centrifuges can be extremely hazardous, and precautions such as balancing the samples, should always be taken while performing this procedure.   

(Note to the authors: Only 1-2 statements are allowed per author. Other statements may be substituted or spoken by another author.)
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.

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, as well as an introduction to your videographer, closer to your filming date.

( 2013, Journal of Visualized Experiments


