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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Y_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _ Narishige MF-900 Microforge (Steps 2.1, 2.2)

Zeiss Stemi SV11 trinocular Microscope (Section 3.3))

Ideally : Nikon SMZ18
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N  

If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___4.8, 4.9, 5.1, 5.2, 5.3, 5.5, 5.6
D.  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.) ___5.3  Single cell transplantation. Keep the air/water separation about 20 cell diameters from the end of the needle for an optimal control of the aspiration and transplantation.

E.  Will the filming need to take place in multiple locations? (Y/N) _____N__ If yes, how far apart are the locations? ___

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to analyze the function of a candidate gene in controlling in vivo cell migration, using cell transplantation combined with live imaging in the zebrafish embryo. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Nicolas DAVID: This method can help answer key questions in the cell migration field, such as determining the importance and roles of new candidate genes in in vivo cell migration.

1.2. Florence GIGER: The main advantage of this technique is that it creates mosaic embryos, allowing for good imaging and cell-autonomy assays.

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) and by the ethical committee Charles Darwin (C2EA-05).
Protocol (read by voice talent at JoVE):

2. Preparation of Needles and Dishes for Cell Transplantation
2.1. To prepare cell transplantation needles, use a micropipette puller to pull a glass capillary (TEXT: outer diameter 1.0 mm; inner diameter 0.78 mm, no filament) [2.1.1-WIDE/MED-TXT].  Then with a microforge, cut the tip of the needle at the point where the inside diameter is 35 um [2.1.2-SCOPE/ECU].
2.1.1. Talent places capillary into micropipette puller and pulls injection needles (take 3)
2.1.2. Talent cuts tip of needle, Editor, point out the inside diameter of the tip as 35 µm. (slate on file name , take 4 : 1/38/06/00)
2.2. Using a microgrinder, bevel the cut end of the capillary [2.2.1-CU] at an angle of 45 degrees [2.2.2-SCOPE-TXT].  

2.2.1. Talent finishes grinding capillary

2.2.2. Shot of tip with 45 degree angle (TEXT: refer to text protocol for additional details)
(use take 2 : dirty needle)
2.3. To eliminate glass residues, insert the needle into a needle holder mounted on a syringe [2.3.1-CU]. Then use 2% hydrofluoric acid to rinse the inside of the needle three times by drawing the solution in and out [2.3.2-CU-TXT].  Follow by rinsing the needle with acetone three times [2.3.3-CU].
2.3.1. Film as written

2.3.2. Film as written (TEXT: use caution as hydrofluoric acid is toxic)

2.3.3. Talent rinses with acetone

2.3.3B Optional added shot: SCOPE: clean transplantation needle (should be 2.2.2 take 1)
2.4. To prepare dishes for injection or cell transplantation, prepare 1% agarose by heating 50 ml of embryo medium, or EM, containing 0.5 g of agarose in a microwave for 1 minute at full power [2.4.1-MED/CU].  Cool the agarose gel to about 60 degrees C and pour the entire volume into a 90 mm Petri dish [2.4.2-CU].

2.4.1. Talent places flask into microwave and turns it on

2.4.2. Talent picks up cooled agarose and pours into Petri dish

2.5. Insert a mold to create lines for injection or to create wells for cell transplantation [2.5.1-CU/ECU].  When the agarose gel is set, use forceps to remove the mold [2.5.2-CU]. (Fig 2A-B)

2.5.1. Film as written

2.5.2. Film as written
3. Injection of Donor Embryos
3.1. To inject donor embryos, under a stereomicroscope [3.1.1-MED], use forceps to gently squeeze collected transgenic embryos into the lines of an injection dish filled with embryo medium, or EM [3.1.2-SCOPE-TXT].  

3.1.1. Talent sitting at microscope looking through oculars

3.1.2. Talent placing embryos into lines of dish (TEXT:gsc:gfp) provided by authors LM “3-1-2.mp4”.
3.2. With forceps, orient the embryos with the cells towards the top [3.2.1-SCOPE].  Then incubate the dish at 28 degrees C until the embryos have reached the 4-cell stage [3.2.2-WIDE-TXT].
3.2.1. Film as written provided by authors LM “3-2-1.mp4”.
3.2.2. Talent places embryos into incubator (TEXT: 1 hpf), Editor, use the text note for ‘have reached the 4-cell stage.’ B need another version of talent placing embryos into incubator for 4.2.2 below; C need another shot for 4.10.2 below
3.3. Next, load an injection needle with 2 ul of a previously prepared injection solution containing the actin binding domain of the yeast actin binding protein 140, bound to mCherry [3.3.1-CU-TXT].  Then insert the needle into a needle holder attached to a micromanipulator and connected to an air transjector [3.3.2-CU].
Use first 3.3.1B (needle into needle holder), then 3.3.2 (load the needle), and then 3.3.1 (needle holder on the micromanipulator).
3.3.1. Film as written (TEXT: refer to text protocol for construct details) Talent inserts needle with holder on the micromanipulator and air transjector visible
3.3.2. MED load the needle

3.3.1B EXTRA insert needle to into the needle holder
3.4. Open the needle by using fine forceps to gently touch the needle tip or by pinching its extremity [3.4.1-SCOPE].  Then, insert the needle into one of the four cells and inject the solution to fill 70% of the cell volume.  Inject 30 embryos in a similar manner [3.4.2-SCOPE-TXT]. 
3.4.1. Talent opens needle with fine forceps by gently touching tip provided by authors LM “3-4-1.mp4”.
3.4.2. Talent inserts needle into one of 4 cells and injects, then moves onto another embryo (TEXT: 2 nl) provided by authors LM “3-4-2.mp4”.
4. Cell Transplantation
4.1. When the embryos have reached sphere stage [4.1.1-SCOPE-TXT], use a plastic Pasteur pipette to transfer host Tg(gsc:gfp) embryos and previously injected donor embryos [4.1.2-CU/ECU] into separate 35 mm Petri dishes coated with 1 mm agarose in EM and filled with Pen/Strep EM [4.1.3-ECU/SCOPE].

4.1.1. Embryos in dish at sphere stage (TEXT: 4 hpf)

4.1.2. Talent holds transfer pipette and opens dish of transgenic embryos that is sitting next to donor embryo plate and begins to take up embryos in pipette

4.1.3. Talent transfers embryos into a 35 mm Petri dish
4.2. Using fine tweezers, manually extract the embryos from their chorions [4.2.1-LM].  Then place the embryos into the incubator at 28 degrees C [4.2.2-WIDE].

4.2.1. LAB MEDIA 4-2-2 Dechorionate.mp4

4.2.2. Use 3.2.2B here
4.3. When the embryos have reached shield stage [4.3.1-SCOPE-TXT], under a fluorescent microscope, select donor embryos expressing ABP140-mCherry within the green shield [4.3.2-SCOPE].
4.3.1. Embryos under scope at shield stage (TEXT: 6 hpf)

4.3.2. Talent switches to fluorescence and embryos expressing ABP140-mCherry in the green shield are visible. Authors, if possible point out where these embryos are.  Editor, point out embryos expressing mCherry in the green shield. LM “4-3-2.mp4”.
4.4. Using a fire-polished Pasteur pipette [4.4.1-CU], transfer the host embryos into a row of wells in the cell transplantation dish filled with Pen/Strep EM [4.4.2-SCOPE].  Then place the donor embryos in the neighboring row [4.4.3-SCOPE].
4.4.1. Talent picks up Pasteur pipette

4.4.1B EXTRA fire polished
4.4.2. Film as written

4.4.3. Film as written, Editor, point out the row of host embryos (2 columns on the left) and the row of donor embryos (column on the right). (with 4.4.2)
4.5. Next, with an eyelash, carefully orient the embryos with the shield up [4.5.1-LM].

4.5.1. LAB MEDIA 5-1-3 Orient embryo.mp4

4.6. Then, using a needle holder attached to a syringe, rinse the tip of the needle by drawing in and expelling out 70% ethanol [4.6.1-ECU].  Dry the needle by drawing air into it [4.6.2-ECU-TXT]. 

4.6.1. Film as written

4.6.2. Film as written (TEXT: do not dry by blowing into needle)

4.7. When the needle is dry, insert it into the needle holder connected to the Hamilton syringe with the bevel facing upwards [4.7.1-CU/ECU].  

4.7.1. Film as  written

4.8. To perform shield to shield transplantation, enter the shield of a donor embryo with the transplantation needle and draw up about 10-20 cells labeled with ABP140-mCherry.  Carefully avoid drawing yolk [4.8.1-LM].
4.8.1. LAB MEDIA 5-3-1 Draw cells.mp4

4.9. Transplant the cells into the shield of the host embryo and repeat the cell transfer until all host embryos have been transplanted [4.9.1-LM].
4.9.1. LAB MEDIA 5-3-2 Inject cells.mp4, Editor, begin around timestamp 0:10

4.10. When transplantation is complete, use a fire-polished Pasteur pipette to remove any damaged embryos [4.10.1-SCOPE].  Incubate the transplanted embryos at 28 degrees C for about 30 minutes to allow them to recover [4.10.2-WIDE-TXT]. 

4.10.1. Film as written
4.10.2. Use 3.2.2C here (TEXT: clean and store needle according to text protocol)
5. Single Cell Transplantation
5.1. To transplant single prechordal plate progenitor cells (TEXT: refer to text for prechordal plate progenitor induction), after dechorionating embryos as demonstrated earlier [5.1.1-SCOPE], use a fire-polished Pasteur pipette  [5.1.2-ECU] to transfer three donor embryos into a cell transplantation dish filled with Pen/Strep Calcium-free Ringers [5.1.3-SCOPE].
5.1.1. Talent finishes dechorionating embryos in dish LM “5-1-1.mp4.”
5.1.2. Talent picks up fire polish Pasteur pipette and begins to pick up donor embryos

5.1.3. Talent transfers donor embryos into transplantation dish

5.2. With fine tweezers, for each embryo, dissect an explant containing the injected ABP140-mCherry labeled cells and rapidly discard the rest of the embryos [5.2.1-LM].  

5.2.1. LAB MEDIA 6-3-6 Dissect cap.mp4, Timestamp 0:00 – 0:23

5.3. Using an eyelash, gently stir the explants until the cells dissociate [5.3.1-LM].  Then draw up a single isolated cell in the transplantation needle [5.3.2-LM and transplant it into the shield of a host embryo as demonstrated earlier in the video [5.3.3-SCOPE-TXT].
5.3.1. LAB MEDIA 6-3-6 Dissect cap.mp4, Timestamp 0:35 – 0:50

5.3.2. LAB MEDIA 6-5 Draw single cell.mp4
5.3.3. Film as written (TEXT: incubate in Pen/Strep EM at 28°C for 30 minutes) LM “5-3-3.mp4”
5.4. Florence Giger, For Step 5.3: For optimal control of the aspiration and transplantation, keep the air/water separation about 20 cell diameters from the end of the needle [5.4.1-INTERVIEW]. 
5.4.1. Talent reciting the above statement looking off camera; Editor, it may be useful to have an inset here of the transplantation needle from shot 5.3.2 showing the empty space from the tip of the needle to the solution with the cell.
6. Embryo Mounting
6.1. To mount the embryos, fill a glass bottom vial with 1 ml of hot 0.2% agarose in EM [6.1.1-CU].   Place the vial at 42°C in a heat block [6.1.2-MED/CU].
6.1.1. Film as written
6.1.2. Talent places vial in heat block set to 42 degrees C
6.2. Transfer a selected embryo into the agarose solution [6.2.1-SCOPE/ECU] and discard the excess embryo medium from the pipette [6.2.2-CU].  Then draw the embryo into the pipette with agarose [6.2.3-SCOPE/ECU], and transfer it to a previously prepared imaging chamber along with a drop of agarose [6.2.4-SCOPE/ECU-TXT].
6.2.1. Film as written (take 1 : all 6.2 sequence)
6.2.1B EXTRA insert into agarose solution
6.2.2. Film as written (with 6.2.1B)
6.2.3. Film as written
6.2.4. Film as written (TEXT: refer to text protocol for details) SCOPE: provided by authors LM “6-2-4.mp4”, timestamp 0:00 - 0:13.
6.3. Before the agarose is set, use an eyelash to orient the embryo [6.3.1-ECU] by placing the prospective prechordal plate upwards for imaging with an upright microscope, or on the glass bottom for imaging with an inverted microscope [6.3.2-SCOPE].  
6.3.1. Talent picks up eyelash
6.3.2. Talent orients embryo via blastoderm rather than yolk, Videographer, have talent point out the prechordal plate; Editor, point out the prechordal plate when mentioned. LM “6-2-4.mp4”, timestamp 0:18 - 0:34.
6.4. Florence Giger, For Step 6.3: There will be about 40 seconds to orient the embryo before the agarose gel sets, depending on the room temperature. Orient the embryo rapidly by manipulating the blastoderm rather than the yolk, which is very fragile [6.4.1-INTERVIEW].
6.4.1. Talent reciting the above statement looking off camera; Editor, it may be useful to have an inset from shot 6.3.2 showing talent manipulating the embryo from the cells rather than from the yolk. (take 2)
6.5. After all embryos are mounted and the agarose has set, use Pen/Strep EM to fill the chamber to prevent the embryos from drying [6.5.1-CU]. Carry out live cell imaging [6.5.2-MED OVER SHOULDER] and cell dynamics experiments according to the text protocol [6.5.3-LM]. 
6.5.1. Film as written
6.5.2. Talent sitting at scope and computer imaging cells
6.5.3. LAB MEDIA Figure 3C, Editor, bring this in next to 6.5.2.
7. Results: In vivo Cell Migration in Zebrafish Embryos 
7.1. The technique demonstrated in this video was used to analyze the role of Sin1, one of the core components of Tor complex 2 in controlling in vivo cell migration.  This movie shows the migration of transplanted prechordal plate progenitor cells.  Actin labeling allows visualization of actin-rich cytoplasmic protrusions [6.1.1-LM].
7.1.1. LAB MEDIA Movie 1.mp4
7.2. Through analysis of frequency and orientation, it was observed that wild-type cells frequently produce large cytoplasmic protrusions oriented in the direction of the animal pole and of migration [6.2.1-LM].  

7.2.1. LAB MEDIA Figure 3B, Editor, point out the light blue graph on the left at the bottom of Figure 3B

7.3. As seen in this figure, loss of function of Sin1 leads to a drastic reduction in the number of protrusions, and randomization of the remaining protrusions, demonstrating the importance of sin1 in controlling actin-rich protrusion formation [6.3.1-LM].
7.3.1. LAB MEDIA Figure 3B, Editor, point out the middle blue graph here and the greater range of angles compared to the graph on its left.

7.4. Interestingly, the Sin1 phenotype can be rescued by expression of a constitutively active form of Rac1, strongly suggesting that TorC2 controls actin dynamics and cell protrusion formation through Rac1 [6.4.1-LM].
7.4.1. LAB MEDIA Figure 3B, Editor, point out the red/orange colored graph on the right and the high bars on the left of the graph.

7.5. As shown here, loss of function of Arpin, an inhibitor of the Arp2/3 complex leads to an increase in protrusion frequency due either to more frequent protrusion formation or an increase in protrusion stability.  Measuring protrusion lifetime in the absence of Arpin revealed that the temporal persistence of protrusions doubled, indicating an increase in stability [6.5.1-LM].
7.5.1. LAB MEDIA Figure 3C, Images and right hand graph below the images.  Editor, for the first sentence, add in the arrow heads first in the left hand Mo-Ctl panel, and then in the Mo-Arpin panel for ‘an increase in protrusion frequency.’  For the last sentence, add in the bottom right graph and point out the middle, orange Mo-Arpin results.  

8. Conclusion (said by authors on camera)

8.1. Florence Giger: Once mastered, the transplantation of about 30 embryos can be done in 45 minutes. (take 3)
8.2. Florence Giger: While attempting this procedure, it’s important to keep an eye on the development of the embryo as all the steps are critically timed.

8.3. Nicolas David: Following this procedure, other methods like live confocal microscopy can be performed in order to provide better imaging and answer questions regarding subcellular localization of cytoskeleton components, polarity markers, adhesion proteins, or other cell components. (take 2 at the end)
8.4. Nicolas David: After watching this video, you should have a good understanding of how to use transplants of prechordal plate progenitors to analyze the role of any candidate gene in in vivo cell migration.

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 filenames 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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