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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____Yes_____ If yes, please list make and model of your microscope: ___Zeiss STEMI SV11 with camera port___________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? ________ Steps: 3.6 to 3.8 (As per Original Manuscript submitted to JoVE).___________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ______ Step 3.6: Isolating the embryos with intact yolk sac from the uterus. Be gentle and careful while opening the segmented uterus to expose the embryos with intact yolk sac and also when separating the Reichert’s membrane from the underlying visceral yolk sac. ________________________



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 utilize a serum-free oxygenated culture system to study and manipulate specific aspects of mouse embryonic development. (Intro)

This is accomplished by first isolating the gravid uterus with embryos from the mother mouse. (P1)

The second step is to separate the embryos with an intact yolk sac from the placental decidua after segmental dissection of the uterus. (P2)

Next, the embryos should be gently exteriorized from the yolk sac while maintaining the integrity of the embryonic vasculature (P3)

The final step is to culture the embryos in a serum-free oxygenated rolling bottle culture apparatus at 37oC for a specific amount of time. (P4)

Ultimately, this whole embryo culture system, which supports the development of different structures at both the morphological and molecular levels, can be used for the study of developing mouse embryos using a variety of techniques. (P5)

P1: LAB MEDIA: figure1.psd, panel A (shot 3.5.2)
P2: LAB MEDIA: figure1.psd, panel B (shot 3.9.2)
P3: LAB MEDIA: figure1.psd, panel C (shot 3.14.2)
P4: LAB MEDIA: figure1.psd, panel D (shot 4.3.1)
P5: LAB MEDIA: figure1.psd, figure 2

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).   


[image: ]


B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Lauderdale: This method can help answer key questions in the field of Developmental Biology, such as the role of different signaling mechanisms involved in cell fate specification and tissue morphogenesis in the mammalian embryo.
1.2. Kalaskar: Visual demonstration of this method is critical as the isolation of embryos with an intact yolk sac and the subsequent exteriorization steps are difficult to learn. Any damage to the embryonic or yolk sac vasculature can affect the embryonic development in the culture.   



Protocol (read by voice talent at JoVE):

2. Preparation

2.1. To begin, disinfect all work surfaces with 70% alcohol and spray every item before placing it into the culture hood.
2.1.1. WIDE: Talent disinfects hood
2.1.2. MED: Talent continues to disinfect items (Use Take 2A)
2.2. When ready, prepare the culture medium and all supplements needed for the procedure.
2.2.1.  MED: Shot containing labeled bottles of medium and supplements. Text Overlay (KnockOut DMEM, KnockOut Serum Replacement (KSR) (10%), N-2 Supplement, Albumin, Penicillin (50 IU/ml), Streptomycin (50 g/ml) and Amphotericin-B (1.25g/ml))  or text overlay (See text protocol for details)
2.3. First add the albumin ([image: abreve]l-by[image: oomacr][image: prime]m[image: ibreve]n) powder to the KnockOut DMEM and mix thoroughly until completely dissolved.
2.3.1. MED/CU: Talent adds powder to media and mixes
2.4. Next, add the N-2 Supplement, KSR and the antibiotics.  Mix thoroughly and filter sterilize. Store the media in 50 ml conical tubes at 4 oC until ready to use.
2.4.1. MEDCU: Talent adds supplements   (Do not use Take 1)
2.4.2. MEDCU: Talent filter sterilizes media
2.4.3. MED: Talent stores media at 4C

3. Collecting Embryos
3.1. Before starting the dissection, preheat the necessary solutions to 37 oC and keep them warm throughout the procedure.
3.1.1. MED: Shot containing the pre-warmed solutions.  Text overlay (PBS, DMEM, culture medium) if not clearly labeled. PBS not placed in the hood. (a MED and CU shot taken in Take 1) 
3.2. At this point the culture bottles should also be prepared in order to save time in transferring the embryos later.
3.2.1. MEDCU: Shot containing prepared Talent prepares culture bottles. 
3.3. To begin, place the euthanized animal onto a sterile work surface and spray the ventral abdominal surface with ethanol to keep hair from sticking to the instruments. 
3.3.1. MED: Over the shoulder, Talent arranges animal on work surface. Text Overlay (CO2 inhalation)
3.3.2. MED/CU: Talent sprays abdomen with ethanol
3.4. Open the abdominal cavity to locate the uterus. Lift the uterus with forceps and use light operating scissors to cut at the uterine body and at the tips of the uterine (y[image: oomacr][image: prime]t[image: schwa]r-[image: ibreve]n, -t[image: schwa]-r[image: imacr]n[image: lprime]) horns to separate it.
3.4.1. CU: Talent opens abdominal cavity
3.4.2. CU: Talent lifts uterus and cuts at the uterine body
3.4.3. [combined with 3.4.3] CU: Talent cuts at the uterine horns
3.5. Quickly rinse the entire uterus in warm PBS to remove any blood and immediately place in a petri dish filled with warm DMEM. 
3.5.1. CU: Talent washes uterus
3.5.2. CU: Talent places uterus in dish with warm DMEM
3.6. Sterilize the instruments with 70% ethanol before proceeding.
3.6.1. MED: Talent sterilizes instruments
3.7. Under a dissecting microscope, segmentally dissect the uterus with light operating scissors to produce small openings on either side.  Gently insert a pair of blunted micro dissecting tweezers to widen the opening. 
3.7.1. MED: Talent places uterus under microscope
3.7.2. SCOPE: Talent makes small openings on the uterus
3.7.3. SCOPE: Talent inserts tweezers in opening
3.8. With the placental deciduas (d[image: ibreve]-s[image: ibreve]j[image: prime][image: oomacr]-[image: schwa]) exposed, gently tear it with a pair of micro dissecting tweezers to expose the parietal (p[image: schwa]-r[image: imacr][image: prime][image: ibreve]-t[image: schwa]l) yolk sac with the Reichert’s membrane. 
3.8.1. SCOPE: Example of the exposed deciduas
3.8.2. SCOPE: Talent tears deciduas
3.8.3. SCOPE: Example of the exposed parietal yolk sac with Reichert’s membrane.
3.9. Use one edge of the tweezers to gently pierce both and separate them from the underlying visceral yolk sac to expose the embryos. 
3.9.1. SCOPE: Talent pierces and separates membrane
3.9.2. SCOPE: Example of the exposed yolk sac
3.10. Kalaskar or Talent: “The ectoplacental cone and the trophoectoderm derivatives can be removed either with the placental decidua or with the Reichert’s membrane. Care must be taken to avoid rupture of the visceral (v[image: ibreve]s[image: prime][image: schwa]r-[image: schwa]l) yolk sacs, as the embryos pop out immediately. In addition, maintaining the integrity of the vasculature (v[image: abreve]s[image: prime]ky[image: schwa]-l[image: schwa]-ch[image: oobreve]r[image: lprime], -ch[image: schwa]r) is critical for success. (Not spoken by the Talent)
3.10.1. Scope: Shot of Ectoplacental cone and trophoectoderm derivatives.
3.10.2. Scope: Shot of Reichert’s membrane.
3.10.3. Scope: Shot of Yolk sac. Interview style: Talent speaks the above to the camera
3.11. Embryos with intact visceral yolk sacs should be transferred immediately to warm culture medium after separation from the uterus to aid in the development of the embryo in culture.
3.11.1. MED: Talent transfers embryos
3.11.2. CU: Example of isolated embryos 
3.12. Make a small opening in the yolk sac with a sharp pair of tweezers by gently piercing in an area adjacent to the head region, taking care to avoid major blood vessels.
3.12.1. SCOPE: Talent makes opening in yolk sac
3.13. Alternatively two pairs of blunt tweezers can be used to hold the yolk sac and gently tear to make a small opening. Expand the opening with the tweezers to a size just enough to fit the embryonic head. 
3.13.1. SCOPE: Talent makes small opening with blunt tweezers
3.13.2. [combined with 3.13.1] SCOPE: Talent then expands opening with tweezers
3.14. Hold the amniotic membrane wrapping the embryo gently away from the body and tear it with a pair of tweezers. The embryonic head and later the whole embryo should be gently exteriorized from the yolk sac while maintaining the integrity of the embryonic vasculature. 
3.14.1. SCOPE: Talent holds the membrane and tears it 
3.14.2. [combined with 3.14.1] SCOPE: Talent then exteriorizes the embryo
3.15. Any damage to the yolk sac vasculature can affect development and such embryos should not be used for culture.
3.15.1. SCOPE: Example of damage that would prevent the embryo from thriving in culture
3.16. Next, examine the embryos and group them by morphological criteria including body and head size, limb and eye morphology.  Stage them by counting the number of somites (somite: (s[image: omacr][image: prime]m[image: imacr]t[image: lprime]) for at least two embryos from each group. 
3.16.1. MED: Side shot of Talent at microscope
3.16.2. SCOPE: Talent sorts embryos
3.16.3. SCOPE: Talent counts somites
3.17. Transfer the embryos immediately to a petri dish with fresh warm culture medium and take it to the culture hood where the embryos should again be transferred to a petri dish with sterile culture media.
3.17.1. MED: Talent transfer embryos to dish
3.17.2. MED: Talent approaches hood with embryos

4. Culturing mouse embryos

4.1. Working in the culture hood, use a sterile plastic pipette to insert a mouse embryo into each bottle prepared earlier.
4.1.1. MED: Over the shoulder of Talent inserting embryo into bottle

4.2. Next, carry the culture bottles aseptically to the culture apparatus. Secure them to the rolling disc and turn on the rotation.
4.2.1. MED: Talent approaches apparatus with culture bottles
4.2.2. MEDCU: Talent secures culture bottles and starts the rotation. Text overlay (35 rotations per minute (rpm), 37 oC).

4.3. This allows the embryos to float freely in the media and also helps with free gas exchange.  Gas flows from a nearby cylinder into the chamber and then into the bottles through the rubber cork.
4.3.1. CU: Example of culture bottle during rotation
4.3.2. MED/CU: Example of the gas intake into the rubber cork and/or shot of the nearby cylinder

4.4. Culture the embryos for 16 to 40 hrs and regularly check for the gas outflow and culture chamber temperature. The culture media should be completely replaced with fresh media at specific time intervals.
4.4.1. MED: Talent enters to check on embryos
4.4.2. MED: Talent replaces media. Text Overlay (See text for details).

4.5. It is best to let the embryos adapt to the culture conditions for at least 30 min, before performing any manipulation. Embryos that perform poorly and show feeble heartbeats can be discarded and the remaining embryos that show good heartbeats can be utilized for further studies. 
4.5.1. MED: Talent enters room or approaches microscope with embryos
4.5.1B: (Added shot) SCOPE: Example of embryo with good heart beat. 
4.5.2. SCOPE: Example of an embryo with a weak heartbeat


5. RESULTS: Cultured Mouse Embryos

5.1. These images demonstrate that embryos in culture replicate in utero development. 
5.1.0 SCOPE: Shot of embryos live after 16 hrs culture. (Added shot. May be used if needed.)
5.1.1. LAB MEDIA: 50803_Vijay Kalaskar_Figure2.psd, Begin with panel A and the add B-D in succession 

5.2. About 58% of cultured embryos (B) exhibit comparable development to in utero developed embryos (A) (5.2.1). Intermediate development is seen in about 28% of embryos (C) and 14% of embryos show poor development in culture (D) (5.2.2).
5.2.1. LAB MEDIA: 50803_Vijay Kalaskar_Figure3.psd, compare A to B
5.2.2. LAB MEDIA: 50803_Vijay Kalaskar_Figure3.psd, compare A to C and then D 

5.3. Developmental differences occur when mouse embryos are co-cultured. Embryos that appear similar at the start of co-culture (A, B) show differences in their embryonic development after 16 hrs (A’, B’) 
5.3.1. LAB MEDIA: 50803_Vijay Kalaskar_Figure4.psd, focus on the top two panels and then the bottom two


6. Conclusion (said by authors on camera) 

6.1. Kalaskar: Once mastered, this technique can be done in 25 – 30 min for a litter size of 10 – 12 embryos.

6.2. Lauderdale: We have found this embryo culture system to be a valuable addition to our in vivo approaches for the study of embryonic development.

Provided Media

Authors, please list all additional* 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, 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.  

*Figure files already uploaded do not need to be provided again unless modifications have been made.

Insert your media filenames here.
The following figures have been uploaded as unflattened images in the JoVE submission website.

-LAB MEDIA: 50803_Vijay Kalaskar_Procedural Schematic.pptx (This figure need to be shown as schematic in the script at Step:1A. Modified from Figure1).
-LAB MEDIA: 50803_Vijay Kalaskar_Procedural Schematic.psd (This figure need to be shown as schematic in the script at Step:1A. Modified from Figure1).
-LAB MEDIA: 50803_Vijay Kalaskar_Figure1.psd (Unflattened original Figure1).
-LAB MEDIA: 50803_Vijay Kalaskar_Figure2.psd (This figure need to be shown in the results in the script at Step:5.1).
-LAB MEDIA: 50803_Vijay Kalaskar_Figure3.psd (This figure need to be shown in the results in the script at Step:5.2).
-LAB MEDIA: 50803_Vijay Kalaskar_Figure4.psd (This figure need to be shown in the results in the script at Step:5.3).



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.
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