[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 68887
Scriptwriter Name: Pallavi Sharma
Project Page Link: https://review.jove.com/account/file-uploader?src=21010583

Title: Manipulation and Analysis of Cell Cycle-dependent Processes in Budding Yeast


Authors and Affiliations: 
Michael G. Stewart1,2,*, Talia C. Scheel1,*, Ahmed A. Abouelghar1,*, Sara E. Hoppe1,*, Matthew P. Miller1

1Department of Biochemistry, University of Utah School of Medicine, Salt Lake City, United States 2Department of Molecular Biology and Genetics, Howard 2Hughes Medical Institute, Johns Hopkins University School of Medicine

*These authors contributed equally



☐   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]
Michael G. Stewart                        mstewa64@jh.edu
Matthew P. Miller                          matthew.miller@biochem.utah.edu 


Email Addresses for All Authors: 
Michael G. Stewart                        mstewa64@jh.edu
Matthew P. Miller                          matthew.miller@biochem.utah.edu 
Talia C. Scheel                                talia.cahoon@biochem.utah.edu 
Ahmed A. Abouelghar                  ahmed.abouelghar@biochem.utah.edu 
Sara E. Hoppe                                Sara.Hoppe@biochem.utah.edu 





Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.


4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.  
If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position



To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  26
Number of Shots:  49

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer the 1st REQUIRED question and at least 2 other questions (1.2 – 1.10) below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What technologies are currently used to advance research in your field?
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What significant findings have you established in your field?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What research gap are you addressing with your protocol?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
How will your findings advance research in your field?
1.8. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What new scientific questions have your results paved the way for?
1.9. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What research questions will your laboratory focus on in the future?
1.10. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 

2. Yeast Culture and Cell Cycle Synchronization: α-Factor Arrest-Release
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, inoculate yeast into 25 milliliters of YPAD (Y-P-A-D) culture [1] and incubate overnight to reach an optical density at 600 nanometers between 0.5 and 2.0 [2]. 
2.1.1. WIDE: Talent adding yeast inoculum to the YPAD culture.
2.1.2. Talent placing the flask with YPAD medium on a shaker inside the incubator set to 23 degrees Celsius. TXT: Dilute culture to OD₆₀₀ = 0.2–0.4 if OD₆₀₀ > 2.0

2.2. If the optical density at 600 nanometers exceeds 2.0, dilute the yeast cells to an optical density at 600 nanometers of 0.5 [1]. Add alpha-factor to the culture to reach a final concentration of 1 microgram per milliliter [2].
2.2.1. Talent diluting yeast culture to the specified optical density using fresh YPAD medium.
2.2.2. Talent pipetting alpha-factor stock solution into the flask to achieve the final concentration.

2.3. At 2.5 to 3.5 hours after alpha-factor addition, count the percentage of non-budded, shmooed cells under a microscope to assess the cell arrest [1-TXT]. 
2.3.1. SCOPE: View of yeast cells under microscope, highlighting shmooed morphology. TXT: Proceed to release when 90–95% cells are shmooed 

2.4. Then, spin down the culture in a centrifuge at 3,000 g for 3 to 5 minutes at 23 degrees Celsius [1]. Carefully pour off the supernatant to remove the alpha-factor [2]. Resuspend the cell pellet in 25 milliliters of YPAD containing 1 percent dimethyl sulfoxide to wash the cells [3-TXT].
2.4.1. Talent placing the culture tube into the centrifuge and setting it to the required speed and time.
2.4.2. Talent pouring off the supernatant from the centrifuged culture.
2.4.3. Talent pipetting fresh YPAD with dimethyl sulfoxide into the centrifuge tube and resuspending the pellet. TXT: Repeat centrifugation and wash 2x

2.5. Next, add YPAD to the washed cells to bring the final volume to 25 milliliters [1] and transfer the suspension into a new flask for further incubation or use [2]. Collect the zero-minute time point sample immediately after release and fix the sample [3-TXT].
2.5.1. Talent adding the appropriate volume of YPAD to the cell pellet.
2.5.2. Talent pouring the resuspended cells into a clean flask.
2.5.3. Talent pipetting an aliquot of the cell culture into a labeled microcentrifuge tube. TXT: Take samples every 15 min at 23 °C 
2.6. At 60 minutes post-release, assess synchrony of the cell population under a light microscope [1]. 
2.6.1. SCOPE: View of yeast cells under microscope showing consistent small-budded morphology. 
2.7. If desired, add alpha-factor again at 60 minutes after release to a final concentration of 1 microgram per milliliter to block further cell cycle progression [1]. 	Comment by Pallavi  Sharma: Authors: Do you wish to demonstrate this step?
2.7.1. Talent pipetting alpha-factor into the culture flask to reach the final concentration. TXT: Confirm release: check uniform small-budded cells before addition
2.8. Continue collecting time point samples every 15 minutes up to 180 minutes or for as long as needed [1-TXT]. 
2.8.1. Talent collecting successive samples at defined intervals into labeled tubes. TXT: 23 °C: Metaphase ~45–60 min; Anaphase ~60–90 min; G1 by ~120 min post-release


3. Yeast Culture and Cell Cycle Synchronization: Cdc20 Depletion Arrest-Release	Comment by Pallavi  Sharma: Authors: You wanted to modify this section. Since your shoot is scheduled and we haven’t heard back from you, we used the originally provided manuscript.
Demonstrator: Click here to enter name of demonstrator(s) 
3.1. After growing the yeast culture to an optical density at 600 nanometers of 0.5 [1], add auxin to a final concentration of 500 micromolar using a 1 molar stock solution [2].
3.1.1. Shot of the overnight-grown culture.
3.1.2. Talent pipetting the auxin stock solution into the flask and mixing gently. 

3.2. At 2 hours after auxin addition, examine the culture under a microscope to determine arrest by checking for large-budded cells [1-TXT]. 
3.2.1. SCOPE: Microscopic view of large-budded yeast cells under brightfield illumination. TXT: If 90–95% cells are in mitosis, collect or release samples

3.3. To release from Cdc20 (C-D-C-Twenty) depletion arrest, centrifuge the culture at 3,000 g for 3 to 5 minutes at 23 degrees Celsius [1].
3.3.1. Talent placing the culture tube in the centrifuge and initiating the spin at the specified settings.

3.4. Resuspend the pellet in 25 milliliters of YPAD containing 1 percent dimethyl sulfoxide to wash the cells [1]. Then, centrifuge again at 3,000 g for 3 to 5 minutes to harvest the washed cells [2-TXT].
3.4.1. Talent pipetting YPAD with dimethyl sulfoxide into the tube and gently resuspending the pellet.
3.4.2. Talent centrifuging the tube again. TXT: Repeat centrifugation and wash 2x

3.5. Add YPAD to the washed cells to bring the total volume to 25 milliliters [1]. Transfer the cell suspension into a new flask to prevent residual auxin interference [2].
3.5.1. Talent pipetting fresh YPAD into the washed cell pellet to reach the final volume.
3.5.2. Talent pouring the cell suspension into a clean, labeled flask.

3.6. Collect the zero-minute time point sample and fix it. Continue collecting time point samples every 10 to 15 minutes for the desired duration of the time course  [2].
3.6.1. Talent drawing a sample from the culture with a pipette and placing it into a microcentrifuge tube labeled as time zero.

4. Yeast Fixation and Slide Preparation for Imaging
Demonstrator: Click here to enter name of demonstrator(s) 
4.1. To fix the yeast cells, centrifuge 1 milliliter of culture for 1 minute at maximum speed [1]. Aspirate the supernatant completely [2] and resuspend the pellet in 500 microliters of fixative solution [3].
4.1.1. Talent placing microcentrifuge tubes containing culture into a benchtop centrifuge and initiating a spin at maximum speed.
4.1.2. Talent using a pipette to remove all supernatant without disturbing the pellet.
4.1.3. Talent pipetting the fixative solution into the tube and gently resuspending the pellet. TXT: Incubate at 23 °C for 2-15 min 

4.2. After centrifuging the fixed cells, aspirate the supernatant and resuspend the pellet in 500 microliters of 0.1 molar potassium phosphate buffer at pH 6.4 [1-TXT]. 
4.2.1. Talent removing the supernatant and resuspending the pellet in fresh potassium phosphate buffer. TXT: Store cells at 4 °C until ready to image

4.3. Before imaging, centrifuge the fixed cells for 1 minute at maximum speed at 23 degrees Celsius [1]. Once the supernatant is aspirated, resuspend the pellet in 10 to 100 microliters of Triton, DAPI, and sorbitol solution [2].
4.3.1. Talent spinning the fixed cells in a benchtop centrifuge.
4.3.2. Talent pipetting the Triton/DAPI/sorbitol staining solution into the tube and gently mixing the contents.

4.4. Pipette approximately 0.8 microliters of the stained cell suspension directly onto the center of a clean coverslip [1]. Use a pipette tip to gently spread the droplet into a circular area approximately 1 square centimeter in size [2].
4.4.1. Talent dispensing a small droplet of stained cells onto a clean coverslip.
4.4.2. Talent using a pipette tip to gently spread the droplet into an even circle.

4.5. Place the coverslip onto a microscopy slide [1]. Using a Kimwipe, gently press around the edges of the coverslip to evenly distribute the sample [2]. Then, seal the edges of the coverslip with nail polish to secure the sample [3-TXT].
4.5.1. Talent placing the coverslip onto the slide.
4.5.2. Talent gently dabbing around the coverslip edges with a Kimwipe to settle the cells.
4.5.3. Talent applying nail polish along the edges of the coverslip using a fine brush. 

5. Imaging Yeast Cells to Analyse Cell Cycle-Dependent Protein Localization 
Demonstrator: Click here to enter name of demonstrator(s) 

5.1. Take the prepared slide to a microscope equipped with a 60 times magnification, 1.42 numerical aperture oil-immersion objective and a Red, Green, Blue, and Far Red laser and filter set [1]. Focus the microscope on the yeast cells adhered to the coverslip [1]. 
5.1.1. Talent placing the slide onto the microscope stage and securing it with clips.
5.1.2. SCREEN: Talent adjusting the fine focus knob to bring yeast cells into sharp view.
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21010583

5.2. Once focused, tune the exposure settings for each fluorescence channel to achieve a signal-to-noise ratio of at least 3 to 1 [1-TXT]. Adjust the acquisition settings to collect 14 to 20 Z-stack images, with each slice spaced 0.2 micrometers apart, covering a total Z-depth of 2 to 4 micrometers [2].
5.2.1. SCREEN: Show the exposure adjustment panel for each channel and demonstrate live tuning of red, green, blue, and far-red channels to avoid saturation. TXT: Avoid overexposure of fluorescent puncta 
5.2.2. SCREEN: Show Z-stack configuration menu where step size and number of slices are entered.

5.3. On microscopes equipped with post-processing modules, select Deconvolution and Quick Projection options for each Z-stack image [1]. Acquire Z-stacks of the sample, capturing enough images to record approximately 100 to 200 yeast cells for each experimental condition or time point [2].
5.3.1. SCREEN: Display the image processing panel and selection of Deconvolution and Quick Projection features.
5.3.2. SCREEN: Talent initiating the imaging sequence and confirming cell count estimates in the software.

5.4. For analysis, open the projected images in ImageJ software. Adjust the brightness and contrast of each fluorescence channel to enhance visibility [1]. 
5.4.1. SCREEN: Display the Brightness/Contrast adjustment panel with sliders being moved to improve channel visibility.

5.5. To analyze cell cycle progression, count 100 cells for each time point and classify them as containing one or two nuclei [1]. 
5.5.1. SCREEN: Show a grid of cells being visually counted and categorized based on nuclear number.

5.6. Next, to quantify the intensity of protein puncta, use the freehand selection tool to outline the region of interest around the signal [1]. Add the selection to the Region of Interest Manager by pressing T or choosing the option from the ROI Manager menu [2]. In the ROI Manager, click Measure to calculate puncta intensity [3]. To visualize changes over time, plot the average intensity with 95 percent confidence intervals for each time point [4].
5.6.1. SCREEN: Show ImageJ freehand selection tool being used to trace a fluorescent punctum.
5.6.2. SCREEN: Show the ROI Manager with a selection added.
5.6.3. SCREEN: Measure is being clicked. 
5.6.4. SCREEN: Demonstrate creating a line graph of puncta intensity over time using graphing software.

5.7. To calculate the percentage of cells showing Bub1-GFP (Bub-One-G-F-P) puncta, standardize the green channel brightness settings across all images [1]. Count cells showing Bub1-GFP puncta that co-localize with Mtw1-mCherry (M-T-W-One-M-Cherry) puncta as positive for kinetochore localization. Count approximately 100 cells per condition [2].
5.7.1. SCREEN: Display the Brightness/Contrast panel for the green channel with identical min-max values applied across images.
5.7.2. SCREEN: Image showing merged Bub1-GFP and Mtw1-mCherry puncta with overlapping fluorescence marked as kinetochore-localized.

5.7.3. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 175.
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. In G1-arrested cells, Stu2-GFP (Stu-Two-G-F-P) localized to a single spindle pole-proximal punctum, with additional dispersed signal along cytoplasmic microtubules [1]. At 60 minutes after release, Stu2-GFP localized as two puncta adjacent to duplicated spindle poles marked by Spc110-mCherry (S-P-C-One-One-Zero) [2].
6.1.1. LAB MEDIA: Figure 2A. Video editor: Highlight the green punctum near the center of the G1 cell at time 0 min
6.1.2. LAB MEDIA: Figure 2A. Video editor: Highlight the two green puncta and nearby red dots in the 60-minute cell image.
6.2. By 90 minutes, during anaphase, Stu2-GFP appeared both near the spindle poles and along microtubules spanning the spindle axis [1]. Following mitotic exit, at 120 minutes, Stu2-GFP reappeared on astral microtubules in the cytoplasm [2].
6.2.1. LAB MEDIA: Figure 2A. Video editor: Highlight both green puncta in the 90-minute panel in Stu2-GFP panel
6.2.2. LAB MEDIA: Figure 2A. Video editor: Highlight the 120-minute Stu2-GFP panel

6.3. Quantification revealed that Stu2-GFP intensity near spindle poles increased during early mitosis, peaking before anaphase, and declined thereafter [1]. The percentage of binucleate cells peaked at approximately 90 minutes, indicating synchronized entry into anaphase [2].
6.3.1. LAB MEDIA: Figure 2B (left graph). Video editor: Highlight the rising curve that peaks around 60 minutes and falls after 90 minutes.
6.3.2. LAB MEDIA: Figure 2B (right graph). Video editor: Highlight the sharp peak in the curve near the 90-minute mark.
6.4. In cells arrested in metaphase by Cdc20 (C-D-C-Twenty) depletion, Bub1-GFP failed to localize to kinetochores marked by Mtw1-mCherry [1]. Upon nocodazole treatment, Bub1-GFP robustly colocalized with kinetochores, indicating activation of the spindle assembly checkpoint [2].
6.4.1. LAB MEDIA: Figure 3A and B . Video editor: Highlight the merged image in 3A (top panel) and the bar labelled as auxin in 3B
6.4.2. LAB MEDIA: Figure 3A and B. Video editor: Highlight the merged image in 3A (bottom panle) and the bar labelled as “Auxin + Nocodazole” in 3B

6.5. After auxin washout, cells exited metaphase, as shown by the appearance of large budded binucleate cells with separated nuclei [1]. Quantification showed a time-dependent decrease in the percentage of large budded mononucleate cells, consistent with mitotic exit [2].
6.5.1. LAB MEDIA: Figure 3C. Video editor: Highlight the bottom row showing two separated blue DAPI signals within a single large budded cell.
6.5.2. LAB MEDIA: Figure 3D. Video editor: Highlight the downward-sloping curve, 
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