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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  Y
Can you record movies/images using your own microscope camera? (Y/N)  N
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.
Carl Zeiss Stemi 508 with M stand
2. Does your protocol include software usage? (Y/N)  N

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.7.2.	Talent places the beads and embryo under a microscope.
3.2.1.	SCOPE: Talent trims the tips of the two capillaries.
3.6.1.	SCOPE: Talent pipets the embryos to remove eggshell.
3.6.2.	SCOPE: Talent continues pipette to separate the two cells.
4.4.2.	Talent places the coverslip under a microscope.
4. 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.)
3.6.1.	SCOPE: Talent pipets the embryos to remove eggshell.
3.6.2.	SCOPE: Talent continues pipette to separate the two cells. 
To ensure success, practice is needed. 
5. Will the filming need to take place in multiple locations? (Y/N)  N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.1. Kenji Sugioka: Multicellular tissue is complex. This protocol reconstitutes cell-cell contact in a simplified manner. One can use this technique to study the direct relationships between cell contact pattern and cellular response [1]. 
1.1.1. INTERVIEW

1.2. Kenji Sugioka: This protocol uses chemically functional polystyrene beads to reconstitute cell contact patterns. The beads can be coupled to any proteins of interest to test their effects on cellular response [1].  
1.2.1. INTERVIEW

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Kenji Sugioka: We have used this method in C. elegans and mouse embryos. Therefore, this protocol can be applied to the studies of wide organisms [1].
1.3.1. INTERVIEW

1.4. Christina Hsu: As embryos are fragile after hypochlorite treatment, significant practice is required before one can successfully isolate blastomere.
1.4.1. INTERVIEW

1.5. Christina Hsu: Visual demonstration will provide a greater understanding of how one should handle capillary during the blastomere isolation methods. 
1.5.1. INTERVIEW


Introduction of Demonstrator: (Said by you on camera)

1.6. Kenji Sugioka: Demonstrating the procedure will be Christina Rou Hsu and Rain Xiong, a grad student and a co-op student from my laboratory [1] [2].
1.6.1. Interview style: Author saying the above 
1.6.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Section - Protocol
2. Preparation of Adhesive Polystyrene Bead
2.1. To begin, weigh 10 milligrams of carboxylate modified polystyrene beads in a 1.5-milliliter microcentrifuge tube [1]. Add 1 milliliter of MES buffer into the tube to wash. Vortex the tube to mix the beads [2-TXT].
2.1.1. Talent weighs beads in a tube.
2.1.2. Talent adds buffer, and vortexes. TEXT: MES: 2-(N-morpholino) ethanesulfonic acid Videographer: Take multiple shots, as this will be used later.
2.2. Spin the tube for 60 seconds at 2,000 times g via a benchtop centrifuge [1]. Discard the supernatant by carefully pipetting out the buffer. Wash the beads again with 1 milliliter of MES buffer [2]. 
2.2.1. Talent places the tube in a centrifuge. Videographer: Take multiple shots, as this will be used later.
2.2.2. CU: Talent removes the supernatant and adds buffer.
2.3. After the wash, add 1 milliliter of MES buffer containing 10 milligrams of EDAC into the tube to activate the surface carboxyl groups. Vortex the tube to mix the beads [1]. Rotate and incubate the tube for 15 minutes at room temperature [2].
2.3.1. Use 2.1.2. TEXT: MES with EDAC (1-ethyl-3-(dimethylaminopropyl) carbodiimide)
2.3.2. Talent places the tube on a rotator.
2.4. Spin down the beads for 60 seconds at 2,000 times g [1]. Discard the supernatant by carefully pipetting out the buffer, and wash with 1 milliliter of PBS [2]. Vortex the tube to mix the beads, and repeat the PBS wash one more time [3].  
2.4.1. Use 2.2.1.
2.4.2. Talent removes supernatant, and adds buffer.
2.4.3. Talent vortexes the tube.
2.5. [bookmark: _Hlk16163231][bookmark: _Hlk15313192]Prepare 1 milliliter of 1-, 10-, 100-, and 1000-fold dilution series of Rhodamine Red-X from the 0.65 millimolar Rhodamine Red-X stock solution [1]. Pipette 20 microliters of beads into each serial dilution tube [2-TXT]. 
2.5.1. Talent shows the four tubes with prepared dilution.
2.5.2. Talent transfers beads into each tube. TEXT: Rhodamine Red-X serves as fluorescence marker as well as adhesive molecule.
2.6. Rotate and incubate the tubes for 5 minutes at room temperature [1]. Wash the beads twice with 1 milliliter of PBS [2-TXT]. 
2.6.1. Talent places the tube on a rotator.
2.6.2. Talent adds buffer into each tube, and vortexes. TEXT: Wash 2x
2.7. [bookmark: _Hlk15314240]After wash, add 1 milliliter of PBS into the tubes and store them at 4 degrees Celsius for up to 6 weeks [1]. Check the fluorescence intensity of the beads under a microscope used for live-imaging [2].
2.7.1. Talent adds buffer into tubes, and places them into a refrigerator.
2.7.2. Talent places the beads and embryo under a microscope. Important Step
3. Isolation of Embryo Blastomere
3.1. Hold each end of a microcapillary at a capacity of 10 microliters with right and left hand. Pull the microcapillary towards both ends to apply tension and bring the center of the capillary over a burner to make two hand-pulled capillaries [1].
3.1.1. CU: Talent makes two hand-pulled capillaries.
3.2. Under the dissecting microscope, trim the tips of the hand-pulled capillaries with forceps. Make two tip opening sizes approximately 2x and 1x the short axis length of C. elegans (pronounce as C-elegans) embryos for the embryo transfer and eggshell removal, respectively [1]. Attach the pulled capillary into a mouth pipetting apparatus [2].
3.2.1. SCOPE: Talent trims the tips of the two capillaries. Important Step
3.2.2. CU: Talent attaches the capillary into a mouth pipetting apparatus.
3.3. Pipette 45 microliters of egg salt solution onto a well of a multiwell slide. Place 5-10 adult C. elegans onto the well [1]. To obtain early C. elegans embryos, cut adults into pieces by positioning two needles to the right and left of C. elegans body and sliding the needles past each other [2].
3.3.1. CU: Talent adds solution and worms onto a well.
3.3.2. SCOPE: Talent cuts the worm.
3.4. Pipette 45 microliters of hypochlorite solution onto a well next to the well containing egg salt solution, and pipette 45 microliters of Shelton’s growth medium onto the subsequent three wells [1].
3.4.1. CU: Talent adds solution onto a well next to the well with embryos, and adds solution into the next three wells.
3.5. Transfer 1-cell stage and early 2-cell stage embryos into the hypochlorite solution by the mouth pipet with a larger size opening, and wait for 40–55 seconds [1]. Wash the embryos by transferring them into the next three wells with Shelton’s growth medium [2], with one to two seconds in each of the first two wells [3-LM].
3.5.1. SCOPE: Talent transfers the embryos into the next well.
3.5.2. SCOPE: Talent transfers the embryos into the next three wells, with one second in the first two wells.
3.5.3. Figure 4B.
3.6. Using the hand-drawn capillary with a smaller size opening, carefully repeat pipetting the embryo for eggshell removal [1]. After that, continuously pipette with the hand-drawn capillary to separate the 2-cell stage embryonic blastomeres [2].
3.6.1. SCOPE: Talent pipets the embryos to remove eggshell. Important Step
3.6.2. SCOPE: Talent continues pipette to separate the two cells. Important Step
3.7. Rain Xiong: After the eggshell has been removed, minimize the forces used in pipetting the embryos up and down to prevent bursts [1].
3.7.1. INTERVIEW
4. Reconstitution of Contact Patterns with Blastomere and Bead
4.1. [bookmark: _Hlk15313739][bookmark: _Hlk16091369]Prepare an imaging chamber by placing a coverslip onto a coverslip holder, and tape the edges of the coverslip to stabilize it [1]. Flip the coverslip holder over and draw a circle on the coverslip with a hydrophobic pen [2].
4.1.1. CU: Talent tapes a coverslip to a holder.
4.1.2. CU: Talent draws a circle on the coverslip.
4.2. Add Shelton’s growth medium within the circle drawn by the hydrophobic marker [1], and transfer the isolated blastomere to the imaging chamber within the circle [2].
4.2.1. CU: Talent adds medium within the circle.
4.2.2. CU: Talent transfers the cell to the chamber.
4.3. Now, dispense a small volume of the chemically functionalized beads onto the coverslip using the hand-drawn capillary with a larger opening [1]. Control the position of the beads by blowing into the hand-drawn capillary [2] until the beads attach to the isolated blastomere [2].
4.3.1. CU: Talent adds beads to the coverslip containing the embryo and medium.
4.3.2. Talent blows into capillary with their mouths.
4.3.3. ECU: Talent shows the beads attached to the cell.
4.4. Mount a coverslip to avoid evaporation of medium [1] and perform live imaging using an inverted microscope [2].
4.4.1. CU: Talent covers with a coverslip.
4.4.2. [bookmark: _Hlk17814011]Talent places the coverslip under a microscope. Important Step



Section – Results
5. Results: Analysis of Cell Division Orientation
5.1. In this study, the fluorescence signal from the bead treated with 0.005 micrograms per milliliter Rhodamine Red-X succinimidyl ester for the transgenic strain expressing GFP-myosin II (pronounce as G-F-P-myosin-two) and mCherry-histone (pronounce as m-cherry-his-tone) was too weak [1].
5.1.1. Figure 1 – Video editor: Emphasize Figure 1A.
5.2. On the other hand, the fluorescence signal from the beads treated with 5 micrograms per milliliter Rhodamine Red-X succinimidyl ester was too strong [1]. The concentration of Rhodamine Red-X succinimidyl ester at 0.5 micrograms per milliliter was optimal for this particular transgenic strain [2].
5.2.1. Figure 1 – Video editor: Emphasize Figure 1D.
5.2.2. Figure 1 – Video editor: Emphasize Figure 1C.
5.3. During the live-imaging, a plane was identified where two centrosomes were vertically aligned [1]. The plane with ± 90˚ angle of this plane is spindle plane [2]. 
5.3.1. Figure 6B
5.3.2. Figure 6B – Video editor: Emphasize the second image.
5.4. The angle of spindle orientation relative to the cell-bead contact interface after cytokinesis shows that both daughter cells were attached to the bead [1], and a line that passes both contact sites was used as a contact orientation [2].
5.4.1. Figure 6C
5.4.2. Figure 6C – Video editor: Emphasize the last schematic image.



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Rain Xiong: One needs to learn how embryo and eggshell react to the certain extent of forces applied by the mouth pipette [1]. 
6.1.1. INTERVIEW – Video editor: B-roll suggestion: Shot 3.6.1.
6.2. Rain Xiong: Theoretically any cellular response can be studied; for example, cell fate specification can be studied by culturing cells in contact with adhesive beads over longer terms [1].
6.2.1. INTERVIEW
6.3. Rain Xiong: This technique has been used to understand the contact-dependent cell division orientation mechanism [1].
6.3.1. INTERVIEW
6.4. Christina Hsu: PTFE filter was used to prevent the inhalation of fumes of hypochlorite solution via mouth pipette [1].
6.4.1. INTERVIEW


 2018, Journal of Visualized Experiments	Page 1 of 9
image1.png




