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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? NO 

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? 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
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?  NO



Current Protocol Length
Number of Steps:  20
Number of Shots:  42

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

REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Christian Vieira: The scope of this research focuses on the effects of pulsed electric fields on cell behavior, in particular, how electroporation affects the cell cycle.
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: LAB MEDIA: Figure 3.


What advantage does your protocol offer compared to other techniques? 
1.2. Thomas Nesmith: The primary advantage of this protocol is the ability to perform continuous, live cell electroporation experiments with adherent mammalian cell cultures for up to 72 hours.
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.3.1., 4.3.2., 4.3.3.

What research questions will your laboratory focus on in the future? 
1.3. Thomas Nesmith: Our lab is focusing on adapting these techniques for microfluidics, which will allow for reduced sample sizes, lower reagent requirements, and better sample control for future protocols.
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.


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


Protocol  
2. Cell Culture Preparation
Demonstrator: Christian Vieira 

2.1. To begin, culture U2-OS FUCCI(CA)5 (U-two-O-S Foo-Chee C-A-five) cells in a 10-centimeter plate with 10 milliliters of DMEM (D-M-E-M)–High Glucose containing 10 percent FBS and 1 percent Penicillin-Streptomycin [1-TXT]. Incubate the plate at 37 degrees Celsius in a 5 percent carbon dioxide environment [2].
2.1.1. WIDE: Talent adding U2-OS FUCCI(CA)5 cells to the 10-centimeter culture plate containing the specified media. TXT: DMEM: Dulbecco's Modified Eagle Media; FBS: Fetal Bovine Serum
2.1.2. Talent placing the culture plate into a carbon dioxide incubator set to 37 degrees Celsius.  

2.2. When the culture reaches 80 percent confluency [1], aspirate the media from the plate [2]. Wash the cells with PBS [3], then add 1 milliliter of 0.25 percent Trypsin and incubate for 1.5 minutes to dissociate the cells [4].  
2.2.1. The culture with 80 percent confluency.
2.2.2. Talent aspirating media from the cell culture plate.  
2.2.3. Talent washing the plate using PBS.  
2.2.4. Talent adding Trypsin to the plate.  

2.3. Neutralize the Trypsin by resuspending the dissociated cells in 5 milliliters of DMEM–High Glucose [1].  
2.3.1. Talent pipetting 5 milliliters of media into the plate and resuspending the cells.  

2.4. Obtain a 100-microliter sample from the resuspended culture [1] and place it on the bottom glass coverslip inside the electroporation cytometry system chamber [1]. Ensure that the chamber is 30% confluent after introducing the sample [3]. If the sample is overconfluent, aspirate and reduce the sample volume before proceeding [4].  
2.4.1. Talent pipetting 100 microliters of cell suspension.
2.4.2. Talent transferring the pipetted cell suspension onto the coverslip in the electroporation cytometry system chamber.  
2.4.3. The 30% confluent chamber.  
2.4.4. Talent aspirating excess sample to reduce the sample volume.  

2.5. Slowly add 4 milliliters of DMEM–High Glucose to the far end of the chamber, preventing the liquid from flushing out the sample [1].  
2.5.1. Talent pipetting DMEM–High Glucose at the far end of the chamber.  

2.6. Place a standard microscope slide over the chamber [1] and incubate the chamber at 37 degrees Celsius and 5 percent carbon dioxide for 24 hours [2]. Optionally, stain nuclei using Hoechst 33342 (three three three four two) at a concentration of 1 microgram per milliliter 30 minutes before time-lapse imaging to facilitate cell quantification and apoptosis tracking [3].  
2.6.1. Talent placing a microscope slide over the chamber.
2.6.2. Talent placing the chamber into the incubator.  
2.6.3. Talent adding Hoechst stain to the chamber.  

3. Microscope Preparation

3.1. Turn on the inverted fluorescent microscope with an environmental control chamber to allow the system to stabilize prior to electroporation [1].  
3.1.1. Talent powering on the inverted fluorescent microscope with environmental control chamber.  

3.2. While the environmental chamber is stabilizing, use alligator clip cables to connect a Digital Multimeter to the pulse generator capacitor [1] and high-voltage switch for rapid setup with the electroporation chamber [2].  
3.2.1. Talent connecting a Digital Multimeter to the pulse generator capacitor using alligator clip cables.
3.2.2. Talent connecting a Digital Multimeter to the high-voltage switch using alligator clip cables.

3.3. Now, select 20x (twenty-ex) magnification on the microscope [1]. In the microscope’s software, ensure FITC (GFP) (F-I-T-C G-F-P) and A594 (TexRed/mCherry) (A-five-nine-four Texas Red M-Cherry) channels are selected corresponding to the two fluorescent proteins in the FUCCI(CA)5 (Foo-Chee C-A-five) system [2-TXT]. Use low exposure settings, typically less than 0.05 seconds, to prevent photodamage during long-term imaging [3].
3.3.1. Talent selecting 20x magnification. Videographer: Please make sure the computer screen is clearly visible in this shot. EDIT: This has been changed to a screen capture of setting up 20x magnification in the software. 
3.3.2. SCREEN: To be provided by authors: Select FITC, A594 channels in the microscope’s software. TXT: Optionally, select DAPI channel for Hoechst 33342  
3.3.3. SCREEN: To be provided by authors: Adjust exposure setting to less than 0.05 seconds.  
Authors: Please record the screen for all the SCREEN shots following our guidelines and upload them along with a summary to your project page: https://review.jove.com/account/file-uploader?src=20741573 

3.4. Take test images to optimize image focus and quality before initiating the time-lapse imaging [1].  
3.4.1. SCREEN: To be provided by authors: Capture and inspect test images to fine-tune focus and quality.  

3.5. Program the time-lapse to capture images from 3 to 6 different viewpoints every 10 minutes over a 24-hour period to obtain a high volume of cell cycle data per time-lapse while mitigating photodamage [1].  
3.5.1. SCREEN: To be provided by authors: Configure time-lapse settings for 3–6 viewpoints, set interval to 10 minutes, and total duration to 24 hours.  

3.6. Ensure that auto-focus is enabled for the A594 (A-five-nine-four) channel to optimize the tracking of culture during the time-lapse [1].  
3.6.1. SCREEN: To be provided by authors: Auto-focus function is enabled for the A594 channel in the software.  

3.7. Leave the software in standby mode until electroporation is completed [1].  
3.7.1. SCREEN: To be provided by authors: Show software interface left in standby mode. 
3.7.2. SCREEN: To be provided by authors: The pulse is delivered. EDIT: Any screen shot of the software can be used here as needed. There is no change visually to the software in “standby” or during the pulse. It simply is left open until the pulse is delivered, then the “play” button on the experiment window is pressed to start the timelapse.
3.7.3. SCREEN: To be provided by authors: Activate time-lapse imaging. 

4. Electroporation and Time-Lapse Data Acquisition

4.1. Place the electroporation cytometry chamber into the microscope equipped with an appropriate environmental chamber [1]. Prior to electroporation, keep the chamber closed [2] and ensure the environmental system remains running to maintain proper cell cycle conditions [3].  
4.1.1. Talent placing the electroporation cytometry chamber into the microscope.  
4.1.2. The chamber remains closed.
4.1.3. The environmental system is active.  

4.2. Open the environmental chamber [1] and attach a Digital Multimeter to the pulse generator [2]. Then, using alligator clip cables, connect the pulse generator to the chamber electrodes [3].  
4.2.1. Talent opening the environmental chamber.
4.2.2. Talent connecting the Digital Multimeter to the pulse generator.  
4.2.3. Talent connecting the pulse generator to the electrodes with alligator clips.  

4.3. Charge the pulse generator capacitor to 180 Volts [1]. Discharge the pulse into the chamber rapidly [2] until the Digital Multimeter displays 0 Volts [3].  
4.3.1. Talent charging the pulse generator capacitor to 180 Volts.
4.3.2.  The pulse being discharged into the chamber.
4.3.3. Digital Multimeter display showing voltage dropping to 0.  

4.4. Remove all electrical connections from the chamber [1] and promptly replace the chamber lid to ensure optimal culturing conditions [2].  
4.4.1. Talent detaching the electrical connections from the chamber.  
4.4.2. Talent placing the lid back onto the chamber quickly.  

4.5. Activate the time-lapse imaging immediately once the environmental chamber is securely in place [1].  
4.5.1. SCREEN: To be provided by authors: Activate the time-lapse imaging as soon as the chamber is closed.  

4.6. After the time-lapse is complete, use the microscope software to save all captured images as a single video [1]. Adjust visual quality to enhance the clarity of cell features for manual quantification [2].  
4.6.1. SCREEN: To be provided by authors: Select Export > Save as video in the microscope software.  The screenshot provided shows the pre-adjusted image as well as the save menu for the following screenshot showing 
4.6.2. SCREEN: To be provided by authors: Adjust brightness, contrast, and channel settings to improve image quality.  

4.7. Finally, observe the changes in FITC and A594 signals over time to track cell phases in the time-lapse video [1].  
4.7.1. SCREEN: To be provided by authors: Play time-lapse video and visually identify shifts in FITC and A594 fluorescence for each cell.
4.8. 

Results
5. Representative Results 

5.1. Using the FUCCI (Foo-Chee) system, visual data were collected by tracking color changes linked to protein expression and ubiquitination, allowing clear distinction of [1] G1 [2], S [3], G2 [4], and M phases [5]. This enabled direct observation of cell cycle progression under varying conditions [6].
5.1.1. LAB MEDIA: Figure 2.
5.1.2. LAB MEDIA: Figure 2. Video Editor: Highlight G1, and the red part and red cells.
5.1.3. LAB MEDIA: Figure 2. Video Editor: Highlight S, and the green part and green cells.
5.1.4. LAB MEDIA: Figure 2. Video Editor: Highlight G2, the yellow-green part and the yellowish-green cell.
5.1.5. LAB MEDIA: Figure 2. Video Editor: Highlight M, and the yellow part and the yellow cell.
5.1.6. LAB MEDIA: Figure 2.
5.2. This figure provides a summary of the key data collected from two sets of experiments using unsynchronized and S-phase synchronized cell cultures [1]. Pulsed electric field exposure in unsynchronized cells significantly increased the average length of G1, G2, and M phases [2], while the S-phase remained unchanged [3].
5.2.1. LAB MEDIA: Figure 3.
5.2.2. LAB MEDIA: Figure 3A, 3C. Video Editor: Highlight the bars in G1, G2, and M in 3A.
5.2.3. LAB MEDIA: Figure 3A, 3C. Video Editor: Highlight the bars in S in 3A.
5.3. In synchronized cells, Pulsed electric field exposure led to reduced durations of G1, S, and G2 phases, though only S and G2 were statistically significant [1], while M phase remained unaffected [2].
5.3.1. LAB MEDIA: Figure 3B, 3D. Video Editor: Highlight the bars in G1, S, and G2 in 3B.
5.3.2. LAB MEDIA: Figure 3B, 3D. Video Editor: Highlight the bars in M in 3B.
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