Submission ID #: 50697

Editor Name: Bridget Colvin
Videographer name: KJ
Film Date: November 13, 2013

Authors and Affiliations: Laura A. Jacox1,3*, Amanda J. Dickinson4*, and Hazel Sive2,3, 1Biological Sciences in Dental Medicine, Harvard University, and 2Biology Department and 3Whitehead Institute, Massachusetts Institute of Technology, and 4Biology Department,

Virginia Commonwealth University

*These authors contributed equally to the work

Title: Facial Transplants in Xenopus laevis embryos
Author Correspondence: LJacox@wi.mit.edu, ajdickinson@vcu.edu, sive@wi.mit.edu 
A.  Will you require JoVE to record video microscopy through a microscope, such as filming a complex dissection or microinjection technique? (Y/N) Y If yes, please list make and model of your microscope: Stemi SV11 (2 headed teaching microscope) and specify the steps by number/short description: 3.8-5.5  Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) Yes, for step 5.5 and 2.7 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 3.8-5.3

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Carefully cutting out EAD tissue and then inserting the EAD transplant into the face efficiently.
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 transplant Extreme Anterior Domain, or EAD (Pronounce: E-A-D), facial tissue between Xenopus laevis embryos. (Intro) This is accomplished by first removing the EAD tissue from donor and recipient embryos of different genetic backgrounds. (P1) Next, the EAD explants from the donor embryos are inserted into the faces of the recipient embryos. (P2) In the final step, the transplanted embryos are maintained for 60-70 hours post fertilization for observation. (P3) Ultimately, brightfield and florescence microscopy can be used to observe changes in the craniofacial development of the transplanted animals. (P4)
From JoveFigure2.psd

(P1) from top row, show green stage 22 “donor” xenopus graphic and first white stage 22 “recipient” xenopus graphic **please make green area in white graphic also white like white xenopus recipient graphic**, with “removing the EAD … backgrounds” please outline/add the dotted line in the green graphic and add dotted line/highlight black line on white graphic, then “remove” both pieces of tissue within the dotted lines from the embryos
(P2) from the top row, show the first white “recipient” xenopus graphic with the missing EAD tissue and then have the green/brown EAD tissue explant (area in white dotted lines) from the green stage 22 xenopus donor settle into place over the missing white EAD tissue space (area within black line, should look like graphic of “recipient” in top row)
(P3) from top row, show far right embryo/face
(P4) JoveFigure4NoMorphant.psd
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Laura Jacox: This method can help answer key questions in the craniofacial development field to improve our understanding of craniofacial deformities, such as, do signals required for orofacial development arise from the Extreme Anterior Domain? 

Protocol (read by voice talent at JoVE):
2. Operation preparation
2.1. Before the operation, load capillary tubing into a needle puller and then pull 4-6 needles, breaking each needle such that the 2-3 mm flexible, hair-like portion of the glass tip is fully removed. The tip must be relatively rigid but narrow enough to be used as a cutting tool. 
2.1.1. WIDE: Few seconds Talent loading capillary tubing into needle puller
2.1.2. CU: Few seconds of at least one needle being pulled then broken with 2-3 mm of tip being full removed
2.1.3. ECU: Shot of rigid but narrow tip
2.2. Then light a Bunsen burner and place the tip of a glass Pasteur pipette into the blue part of the flame. Rotate the pipette such that the tip melts and the hole completely seals, forming a closed, rounded end.  
2.2.1. MED: Few seconds Bunsen burner being lit

2.2.2. CU: Tip of pipette being placed into blue part of flame and then being rotated

2.2.3. ECU: Shot of sealed, closed end of tip
2.3. To make glass bridges, use long standard pattern forceps to carefully break off 3 mm by 3 mm chunks of cover slip glass. Then hold the piece of cover slip with tweezers and place the glass in the flame until all four edges soften and curve downward, forming a tiny glass dome. 
2.3.1. CU: Few seconds of at least one chunk being broken off coverslip with long forceps
2.3.2. CU: Shot of cover slip being held with tweezers, then glass being placed into flame, maybe a least one edge curving/softening
2.3.3. ECU: Shot of glass bridge/tiny glass dome (possibly rotate glass bridge to show blunt edges) (TEXT: Edges should not be sharp)
2.4. Next, line a plastic 60 mm Petri dish with red, white, or yellow modeling clay and fill the dish with 3% Ficoll 0.5X MBS solution. Then use the flamed Pasteur pipette tool to make 40-60 shallow, 2-3 mm depressions about the depth of a stage 20 embryo body into the clay. 
2.4.1. MED – over the shoulder: Few seconds Talent adding clay to at least one petri dish  (TEXT: Do not use black) 
2.4.2. MED: Talent adding MBS to dish

2.4.3. CU: At least a few depressions being made into petri dish, with some depressions already visible in clay

2.4.4. ECU: If possible, shot of at least one depression (Video Editor: If possible, add arrows/bracket stretching the length of one depression with “2-3 mm” text)
2.5. Fourty-eight hours prior to the experiment, obtain eggs from female frogs and fertilize them in vitro. Then, after injecting the embryos with capped membrane GFP mRNA plus any other desired message, store them at 15°C for 48 hours until they reach stage 19-20.
2.5.1. MED: Few seconds Talent collecting/obtaining eggs (e.g., few seconds squeezing frog OR shot of eggs in petri dish) (Authors: choose one representative shot of egg collection) 

2.5.2. MED: Few seconds Talent fertilizing eggs in vitro (e.g., few seconds sperm solution being added to dish) (Authors: choose one representative shot of fertilization) 

2.5.3. MED: Talent placing embryos at 15°C
Green highlighted portion as not filmed. Videographer recommended that this section should be a text overlay, since the egg fertilization is part of any frog embryo experiment and is not specific to the face transplant method.  
2.6. On the day of the transplantation experiment, use a fluorescent microscope to select the injected embryos that show uniform, bright fluorescence. 
2.6.1. MED: Few seconds Talent at fluorescent microscope, selecting embryos
2.6.2. SCREEN: Shot of at least one embryo with bright uniform fluorescence.  Photo attached.  Not a great photo, b/c scope could not keep whole embryo in focus.
2.7. After wiping down the operating surface, stereomicroscope and tools with 70% ethanol, use #5/45 Dumont forceps to remove the vitelline membrane of each selected embryo under a stereomicroscope. 
2.7.1. MED: Few seconds Talent wiping down only one of operating surface OR microscope OR tools 
2.7.2. SCOPE: Few seconds of vitelline membrane being removed from at least one embryo with forceps 
2.8. Then use a plastic graduated transfer pipette with the tip cut off to move the host embryos into the operating dish, taking care to avoid directly touching the embryos.
2.8.1. SCOPE: Transfer pipette appears in frame, then few seconds of host embryo being picked up/moved into operating dish (TEXT: No liquid:air interface contact) OR MED: Talent dispensing embryo into operating dish with pipette (TEXT: No liquid:air interface contact)
2.9. Insert the embryos posterior side down into the clay depressions and use the forceps to gently close the clay around each embryo base, leaving the head protruding from the depression.     
2.9.1. SCOPE: Shot of embryo being inserted posterior side down (Videographer: Combine 2.9.1. and/or 2.9.2. and/or 2.9.3. as appropriate)
2.9.2. SCOPE: Few seconds clay being closed around embryo base (Videographer: Combine 2.9.1. and/or 2.9.2. and/or 2.9.3. as appropriate)
2.9.3. SCOPE: Shot of head protruding from depression (Videographer: Combine 2.9.1. and/or 2.9.2. and/or 2.9.3. as appropriate)
3. Face transplant surgery
3.1. To remove the donor face, first insert one of the pulled needles into the head of the embryo to the left of the cement gland deeply enough so that it passes from the outside of the embryo, through the head, and into the foregut.  
3.1.1. WIDE: Few seconds Talent working at stereomicroscope
3.1.2. SCOPE: Shot of pulled needle being inserted into head of embryo until it passes into the foregut
3.2. Flick the needle from the left to the right side of the head, across the entire width of the cement gland to give a clean cut. Then place the needle at the start of the cut at the left border of the cement gland and flick the needle upward until it reaches the bottom of the left eye to create a vertical cut from the left border of the cement gland to the bottom of the left eye.
3.2.1. SCOPE: Needle being flicked from left to right, for first cut (Video Editor: with “give a clean cut”, maybe trace path of cut if it is not visible?)
3.2.2. SCOPE: Needle being placed at left border, and then being flicked upward to bottom of left eye (Video Editor: with “to create … eye” maybe trace path of cut if it is not visible?)
3.3. Next, place the needle at the right border of the cement gland and flick the needle upward until it reaches the bottom of the right eye to create a vertical cut from the right border of the cement gland to the bottom of the right eye.
3.3.1. SCOPE: Needle being placed at right border, then being flicked upward to bottom of right eye (Video Editor: with “to create … eye” maybe trace path of cut if it is not visible?)
3.4. Then, to fully excise the tissue, flick the needle from the bottom of the left eye to the bottom of the right eye, creating a horizontal cut that will free the tissue.  
3.4.1. SCOPE: Needle being flicked from bottom of left eye to bottom of right eye (Video Editor: with “creating … tissue” maybe trace path of cut if it is not visible?)
3.5. Now gently push the excised tissue onto the tip of the needle and lift it through the buffer to the part of the dish containing host embryos.
3.5.1. SCOPE: Few seconds tissue being pushed onto needle tip
3.5.2. SCOPE: Last few seconds tissue being placed into host embryo dish section  (TEXT: No liquid:air interface contact)
3.6. Excise the tissue from the host embryo as just demonstrated, discarding the host EAD explant and inserting the donor explant into the resulting host hole.  
3.6.1. SCOPE: Last few seconds recipient embryo EAD being excised

3.6.2. SCOPE: Tissue being dropped by side of plate

3.6.3. SCOPE: Few seconds donor explant being inserted (TEXT: Transplant EAD w/in 5 min of excision)
3.7. Once the donor tissue is correctly positioned and fully inserted, carefully place one of the previously prepared glass bridges over the embryo’s face to hold the transplant in place, inserting the ends of the bridge into the clay to stabilize it. 
3.7.1. SCOPE: Shot of correctly positioned and inserted donor tissue, then few seconds glass bridge being placed over embryo’s face (Videographer: Combine 3.7.1. and 3.7.2. as appropriate)
3.7.2. SCOPE: Few seconds bridge ends being inserted into clay (Videographer: Combine 3.7.1. and 3.7.2. as appropriate)
4. Face transplant post-operation recovery
4.1. After the operation, rest the embryos undisturbed at room temperature for 2-3 hours.   
4.1.1. WIDE: Talent placing embryos at RT
4.2. Then, once the transplants have healed, carefully remove the glass bridges from the embryos and the clay from around the base of the embryos. Then use a plastic graduated transfer pipette to gently vacuum the embryos out of their depressions.   
4.2.1. SCOPE: Few seconds one glass bridge being removed at least one embryo
4.2.2. SCOPE Few seconds clay being removed from base of one embryo
4.2.3. SCOPE: Few seconds at least one embryo being vacuumed
4.3. Transfer the embryos into an appropriately labeled petri dish half filled with clean 0.1X MBS supplemented with gentamycin and grow the embryos at 15-18°C for several days until they reach stage 40, changing the MBS solution daily.  
4.3.1. MED: Few seconds Talent dispensing embryo into petri dish with MBS + gentamycin
4.3.2. MED: Talent placing embryos at 15-18°C (TEXT: Stage 40 ( Feeding tadpole stage)
4.3.3. MED: Talent adding MBS to dish
4.4. View the transplanted tissue by fluorescence to confirm that the explant remains healed in place.
4.4.1. SCREEN: Shot of transplanted tissue healed in place (TEXT: Stage 40-41 ( facial feature development)  We did not videotape this.  Please show the sample photo of a face transplant and fluorescent overlay shown in figure 4: B, B’.  
5. Results: Representative facial transplants
5.1. Transplanted tissues should be fully inserted into the host head after transplantation as just demonstrated and must be correctly sized for the host opening for the transplant to be successful. The EAD tissue should not protrude from the head in any way, as can be observed in these two images of improperly positioned explants. Additionally, the face transplant should not be rotated relative to its position in the donor body, as shown here.
5.1.1. LAB MEDIA: JoveFigure3.psd 

(Video Editor: with “Transplanted … demonstrated” please highlight/outline the explant in the first/far left graphic; 

with “and must be … successful” please highlight/outline the first/far left image AND/OR add/outline the red dotted line in the first/far left image; 

with “The EAD tissue should not … in any way” please highlight/outline the explants in the middle two graphics; 

with “as can be observed … positioned explants” please highlight/outline the middle two images AND/OR add/outline the red dotted line in the middle two images; 

with “the face … donor body” please highlight/outline the explant in the far right graphic; 

with “as shown here” please highlight/outline the far right image AND/OR  add/outline the red dotted line the far right image)
5.2. After several hours, the transplanted tissue and surrounding face should heal, and by the next day, the embryo should appear as the example shown in these images. As just demonstrated, fluorescence microscopy can be used to confirm that the transplant remained in place during the healing process. At stage 41, the transplanted control tissue will contribute to the mouth and will remain florescent green. 
5.2.1. LAB MEDIA: JoveFigure4NoMorphant.psd 
(Video Editor: with “the embryo should appear … these images” please highlight the top and bottom left images; 

with “fluorescence … healing process” pleas highlight the top right image; 

with “At stage 41 … green” please highlight the bottom right image;

with “will contribute to the mouse” please indicate/outline the “mo” text and accompanying black line)
6. Conclusion (said by authors on camera)
6.1. Laura Jacox: After watching this video, you should have a good understanding of how to transplant EAD tissue from one embryo into another, facilitating the use of this method for identifying which germ layer or region of the EAD is most crucial to orofacial development. 
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, 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.  

Jovefigure2.psd (The top portion will be used as the schematic diagram during the movie. )

Jovefigure3.psd
JoveFigure4NoMorphant.psd
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.
( 2011, Journal of Visualized Experiments


