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A.
i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? (Y/N) _Y_ 

- Microinjection is made under a Nikon stereo microscope SMZ1000 with CCD camera 

If yes to either i or ii, can you can record video of the microscope’s field of view using your own camera? (Y/N) _Y_

If yes to either i or ii, is the microscope’s field of view shown on a computer from which we could record screen captures? (Y/N) _Y_

B.
Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) _Y__ 

- NIKON NIS element viewer software is utilized. 
C.
Which steps of your protocol will viewers benefit most from having filmed?  No specific 
D.
What is the single most difficult aspect of this procedure and what do you do to ensure success?  


Protocols 6. Microinject ~10 pl of plasmid solution for each 2-PN embryo into one of the pronuclei using a microinjector (Model IM-9A, Narishige) attached to a motorized micromanipulator. To visualize the pronuclei, centrifugation at a low speed is utilized.
E.
Will the filming need to take place in multiple locations? (Y/N) _No_
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this protocol is to use loss- and gain-of- function manipulations to identify stage-specific molecules that control inner cell mass differentiation of mouse embryos during preimplantation. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jae Ho Lee: This method can help answer to key questions regarding the early cell fate elaboration in the basic development biology as well as in stem cell biology, animal science and reproductive biotechnology such as animal cloning. 
1.2. Jae Ho Lee: The main advantage of this technique is that specific receptor and its ligands are used to enhance expression of early embryonic stem cell specific factors during embryo development.  
1.3. Jae Ho Lee: This protocol was developed in collaboration with multiple laboratories. So, demonstrating the procedure will be my colleague, Prof. SangJin Lee and his graduate student, YongIl Cho.

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post-doc, student looks up from workbench or desk or microscope and acknowledges the camera.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Sahmyook University.
Protocol (read by voice talent at JoVE):
(CU Close up; ECU Extreme close up; MED medium shot; SCOPE microscopy footage; SCREEN screen capture software)
2. Oviduct Isolation
2.1. Begin with inducing superovulation in three to five week-old C57-black-6 mice. [WID]

2.1.1. establish talent working with mice, loading syringe and providing injections

2.2. Give the mice intraperitoneal injections [1.CU] of pregnant mare serum gonadotropin, providing 5 IU in 100 µL boluses. 

2.2.1. Detail of intraperitoneal injction

2.2.2. loading syringe with 100 µL  of serrum gonadotropin, TEXT: International Units (IU)

2.3. 48 hrs later, inject 5 IU of human chorionic gonadotropin in 100 µL boluses. [WID]

2.3.1. like 2.1.1, however talent is doing this two days later so make some changes to the scene and perhaps what talent is wearing

2.4. Then, immediately mate the superovulated females [1.CU] with sexually mature males of the same strain [2.CU] by keeping them in the same cage overnight. [3.MED]

2.4.1. picking a female and moving her to a new cage

2.4.2. picking a male and moving him to the cage with female

2.4.3. adding more mice to same cage or setting up the next pair

2.5. The next morning, check for pregnancies. [1.MED]  If the mice have mated, there will be a  visible vaginal plug on the female's genital tract. [2.ECU]

2.5.1. checking females for vaginal plugs, this is 24 hours later from previous step so make minor adjustments to the scene and talen't appearance

2.5.2. detail of evdience of a vaginal plug 
2.6. 18 to 20 hours after the last injection, sacrifice the pregnant females [1.WID] by carbon dioxide intoxication followed by cervical dislocation. [2.MED] 

2.6.1. Talent setting up for the surgical incision, female mouse already euthanized

2.6.2. show all equipment set up at the ready and mouse in position for first incision

2.7. Then, open the back side and cut through the inner layer with fine scissors. [ECU]

2.7.1. film as written
2.7 – 2.10 could all be stereoscope shots if the authors can provide that set up (they do have it for the microinjection microscope, but possibly not for the stereoscope)
2.8. Find and pick up the uterine horns using fine forceps and gently pull them out of the body cavity along with the uterus, oviduct, ovary, and fat pads. [ECU]

2.8.1. film as written

2.9. Next, cut the area between the oviduct and the ovary using fine scissors. [ECU]

2.9.1. film as written

2.10. Then, reposition the forceps and cut the uterus near the oviduct, leaving at least 1 cm of the upper part of the uterus attached. [ECU]

2.10.1. film as written

2.11. Now, transfer the oviductal ampulla into the mineral oil covered M16 drop of media on a 35-mm Petri dish [1.CU] at room temperature. Pool the oviducts from several mice in the same dish. [2.MED]

2.11.1. loading oviduct ampulla into oil phase of dish with solution
2.11.2. working with second mouse preparation, adding a second oviduct ampulla to dish with first (prev shot)
3. Retrieval and Culturing of 2-Pronuclear (2-PN) Embryos
3.1. In preparation for this procedure, After preparing the 1cc syringe needle as indicated in the text protocol… [1.WID] [3.CU]
3.1.1. preparing needle with grinding tool handy

3.1.2. cutting the needle 

3.1.3. griding the needle 
3.2. …use fine forceps to hold and enter the end of the oviduct. [ECU]

3.2.1. film as written

3.3. Then, gently puncture and squeeze out cumulus mass at the media drop phase. [LM] [1.ECU] [2.CU]. [3.ECU]

3.3.1. securing needle to the dish

3.3.2. adding M16 to dish via needle

3.3.3. embryos flowing out of oviduct(s) Replacement by LM file
3.4. Under a stereomicroscope, [1.MED] recover the 2-PN embryos along with surrounding cumulus masses using a sterile glass pipette [2.LM/ECU] and transfer them into a new Petri dish. [3.ECU]

3.4.1. talent focusing on dish under stereoscope

3.4.2. using the author's camera with the stereoscope, get footage of collecting the embryos and cumulus masses with pipette, use an ECU if this set up is unavailable

3.4.3. ejecting the embryos and cumulus masses into a clean dish Replacement by LM file
3.5. Next, dissociate the cumulus cells by bathing the tissues in one ml of hyaluronidase solution. [MED/TEXT]

3.5.1. Adding hyaluronidase solution to the dish with isolated embryos, TEXT: 0.1 – 0.5 %  hyaluronidase in DPBS

3.6. Now, incubate the dish at 37 °C for 5 to 10 minutes. [WID]

3.6.1. loading dish into the incubator

3.7. The next step it to denude the embryos. Using the glass pipette, [1.WID] gently flow the bath solution to release the cumulus cells from the surrounding embryos. [2.ECU]

3.7.1. Arriving to bench with dish and then preparing to use glass pipette

3.7.2. Using glass pipette to release cumulus cells from embryos, try to show tiny dots flowing around in solution
3.8. Next, wash the denuded embryos with 30 to 50 mL of fresh [1.MED] PBS per embryo.  Perform this wash three times. [2.MED/TEXT]

3.8.1. loading PBS into dish, rinsing

3.8.2. removing PBS from dish and adding back more PBS, TEXT: Wash 3X with PBS

3.9. Now, transfer the embryos into a 35-mm plastic dish with M16 plus BSA [1.ECU/TEXT], and keep them in a humidified incubator for up to four hours before the microinjection. [2.ECU/TEXT]

3.9.1. sucking up embryos from dish with PBS, TEXT: 10 mg/ml BSA (Fraction V)

3.9.2. ejecting cells embryos into the dish with M16+BSA, TEXT: 37 ºC, 5% CO2
4. Microinjecting 2-PN Embryos
4.1. Before the microinjection, [1.WID] briefly wash the denuded 2-PN embryos with 1 mL of fresh M16. [2.MED]

4.1.1. establish talent at bench with wash solution and dish of cells

4.1.2. film as written

4.2. Then, transfer the embryos in solution to a centrifuge tube [1.CU] and spin them down at one thousand Gs for 10 minutes.  This will make the pronuclei visible. [2.MED]

4.2.1. loading centrifuge tube with embryos+ solution, capping

4.2.2. loading tube into centrifugate and starting cycle
4.3. Now, transfer each embryo [1.ECU] into a culture dish with 20 to 30 μL of M16 media. [2.CU]

4.3.1. tube with embryos, after spin, pipette enters and removes one embryo

4.3.2. ejecting the embryo into dish containing M16
4.4. Cover the media with a thin layer of mineral oil [1.ECU] and incubate the embryos at 37 ºC in 5% carbon dioxide for one to two hours. [2.MED]

4.4.1. film as written

4.4.2. loading the next dish (4.3.1-4.4.1 steps), TEXT: 2 hr, 37 ºC, 5 % CO2

4.5. Meanwhile, with a mechanical puller, [1.WID] prepare the injection pipettes and holding pipettes from borosilicate-glass capillary tubing. [2.MED/TEXT]

4.5.1. talent at mechanical puller, preparing to load it

4.5.2. taking tube from stock box and loading it into the mechanical puller, TEXT: O.D=1.2 mm; I.D=0.94 mm

4.6. Next, using a microgrinder and a microforger, fabricate the injection pipettes with blunt tips [1.LM] and polish them into two micron wide openings.  Tip length should be less than 500 microns.[2.LM]

4.6.1. author's injection miscropscope footage of blunting pipette with microgrinder and microforger 

4.6.2. author's injection miscropscope footage of polished injection pipette tip showing the opening size and user a weaker objective to zoom out to show its length

4.7. Similarly, fabricate holding pipettes by making blunt tips and polishing their openings to an inner diameter of 20 microns and an outer diameter of 100 microns. [LM]

4.7.1. author's injection microscope footage of polished holding pipette tips, perferably with mirometer in view to show dimensions

4.8. Now, load the injection pipettes with at least 200 nanoliters of plasmid solution [1.CU] at the concentration of one microgram DNA per microliter. [2.ECU]

4.8.1. loading pipette tip with plasmid solution (4.8.1, 4.8.2 and 4.10.1 two shot combine)
4.8.2. backfilling injection pipette with plasmid solution from loading pipette

4.9. Next, mount the injection pipette in a motorized micromanipulator. [CU]

4.9.1. film as written (4.10.1 after 4.9.1 shot)
4.10. Then, set the injector to pulse boluses of about 10 picoliters. [ECU] 
4.10.1. setting the bolus size on injector  
4.11. For the microinjection, secure the embryos using negative pressure from the holding pipette. [1.LM] [2.LM]

4.11.1. author's injection microscope footage of using holding pipette to grab an embryo

4.11.2. as above, second version of the same actions

4.12. Then, advance and place the tip of the injection pipette adjacent to the cell membrane just above one of the pronuclei. Then, spear the cell membrane, push further into the pronucleus and make the 10 picoliter injection. [1.LM] [2.LM]

4.12.1. author's injection microscope footage of positioning injection pipette, and spearing and injecting an embryo

4.12.2. as above, second version of the same actions
4.13. After the microinjection, collect the injected embryos [1.MED] and wash them three times with fresh M16 media. Each wash can be less than a minute in duration. [2.MED]

4.13.1. sucking up the injected embryos and ejecting them into collection tube 

4.13.2. performing one wash of the injected embryos with M16, TEXT: Wash 3X
4.14. Then, proceed with culturing the embryos, [1.MED] by covering M16 media with a drop of mineral oil to prevent it from evaporating [3.ECU] and placing each embryo on a plastic culture dish in a drop of M16 media [2.CU]
4.14.1. establish talent loading embryos into culture dishes

Switch order of 4.14.2 and 4.14.3
4.14.2. loading embryo into M16 in dish

4.14.3. covering the M16 with mineral oil droplet, show how it seals the M16 

4.15. Every 24 hours, observe the embryos [LM.1] using a confocal laser scanning microscope with 488 nm or 555 nm DIC optics [LM.2] at 200x magnification.   [LM.3] 

4.15.1. to be provided by authors – 200X image of embryo at 24 h

4.15.2. to be provided by authors – 200X image of embryo at 48 h

4.15.3. to be provided by authors – 200X image of embryo at 72 h
5. Results: Neogenin Expression Manipulations
5.1. Neogenin is transiently expressed during the early developmental stages of preimplantation.  It appears as early as the 2-cell stage and lasts until the early morula stage.  Its expression is mainly spatially restricted to the outside of cells.

5.1.1. Fig. 2A

5.2. Neogenin expression levels were manipulated by microinjecting 2-PN zygotes with neogenin cDNA vectors or vectors harboring short hairpin RNA against neogenin. RFP and GFP were co-expressed as indicators.
5.2.1.  Fig. 3

5.3. The resulting neogenin expression level was confirmed both by immunofluorescence and by immunoblotting.

5.3.1. Fig. 4

5.4. There were no gross morphological differences in either the neogenin loss or the neogenin gain embryos.  Nor did they develop differently, until the blastocyst stage.

5.4.1. Fig 5

5.5. However, ICM development was less pronounced in neogenin loss embryos, as gauged by Oct3/4-positive ICM cells. [pronounced Okt 3 and 4]
5.5.1. Fig. 6A 

5.6. Also, there were more Oct3/4-positive ICM cells per blastocyst in the neogenin gain embryos.

5.6.1. Fig. 6B

5.7. This observation was further confirmed by RT-PCR analysis. In neogenin gain embryos, expressions of Oct3/4, Sox2, and Nanog were dramatically increased, in contrast to a negligible expression change in Cdx2 and Tead4. [pronounced Nanog] [Cdx 2 just alphabet read one by one: C-D-X-2] [pronounced ted4]
5.7.1. Fig. 6C

6. Conclusion (said by authors on camera)
6.1. Jae Ho Lee: Once mastered, the microinjection portion of this protocol can be completed in about one hour.
6.2. Jae Ho Lee: While attempting this protocol, keep in mind that the 2-PN embryos are fragile. Optimize the isolation, microinjection, and culturing of the embryos to minimize their damage.
6.3. Jae Ho Lee: Complementing this procedure, other methods, such as ligand studies, can be performed to answer additional questions about signaling pathways and so forth.
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 file names 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 are included in the email accompanying the finalized script.
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