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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: We have a Leica S8AP0 dissecting microscope that is fitted with a Leica MC120 HD camera (with a 4GB SDHC card). The camera, which is currently hooked up to a Dell monitor can take still pictures and videos at a constant frame rate. However, we do not have a computer and imaging software connected with the camera.  We would like to film the microinjections on this camera, and do not know whether our camera/monitor or Jove’s imaging resources will work better for the filming of the procedure.

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 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 
The most important step for filming is the selection and microinjection into the correct cell of the embryo. This is detailed in step 3.8. We would like to include the information from steps 1.5-1.6 in the narrative, because these steps indicate how to choose the correct cell to inject. We have embryos fixed at the 4 and 8 cell stages that can be manipulated to show the viewer how to identify the correct cell. In addition, step 4.4 would benefit the viewer, because it would show how to identify an embryo that has been properly injected. We have fixed embryos that are correctly and incorrectly injected that can be filmed for this step.

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 to be filmed by their protocol numbers. (Please do not list an entire section.) The most difficult aspect of the procedure is the selection and injection of the correct cell in the embryo. This is detailed in step 3.8. 

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 target microinjections to the developing Xenopus kidney. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Bridget: This method can help answer key questions in the field of developmental biology, such as how the kidney forms and what genes are important for this process. 
1.2. Rachel: The main advantage of this technique is that it maximizes the delivery of microinjected reagents to a targeted tissue.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Vanja: Visual demonstration of this method is important because identification of the correct blastomere for microinjection is critical.   
Protocol (read by voice talent at JoVE):

2. Preparation of Embryos
2.1. To begin this procedure, both testes were isolated from a single male frog and placed in a 60 mm Petri dish filled with 10 mL of Testes Storage Solution [1-MED-over the shoulder-TXT].  Then, store the testes at 4 ⁰C [2-MED].  Next, eggs were collected from a female frog in a 100 mm Petri dish [3-MED-over the shoulder]. Pour off excess water from the Petri dish [4- MED-over the shoulder].
2.1.1. Talent places shows the testes in a 60 mm Petri dish filled with 10 mL of Testes Storage Solution. Text:  See the accompanying manuscript for Testes Storage Solution’s composition
2.1.2. Talent places the testes in the refrigerator

2.1.3. Talent shows the collected s the eggs and places them in a 100 mm Petri dish
2.1.4. *Film as written
2.2. After that, cut off a quarter of a testis in Testes Storage Solution [1-MED-over the shoulder].  Transfer the piece of testis to the Petri dish containing the eggs [2-CU].  Subsequently, cut the testis portion into small pieces [3-CU].  
2.2.1. *Film as written 
2.2.2. *Film as written 
2.2.3. CU the testis portion as it is cut into small pieces

2.3. Add MMR + gentamycin to the Petri dish to cover the eggs, mix them by swirling the dish, and then wait approximately 30 minutes for fertilization to take place at room temperature [1-CU-TXT]. After fertilization, the pigmented side of the embryos should be facing up [2-CU].  Remove MMR from the Petri dish using a transfer pipette and add enough Dejelly Solution to cover the embryos [3-MED-over the shoulder].
2.3.1. CU the Petri dish as MMR + gentamycin is added to cover the eggs and the dish is being swirled. Text: 0.3X MMR (Marc’s Modified Ringers) + 30 mg/mL gentamycin
2.3.2. CU the Petri dish to show that the pigmented side of the embryos is facing up
2.3.3. *Film as written
2.4. Afterward, swirl the dish over the next few minutes to dissolve the jelly coat on the embryos. [1-MED].  Once the embryos are closely touching each other in the center of the dish, the jelly coat has been removed [2-CU]. Remove the Dejelly Solution with a transfer pipette [3-CU-TXT].
2.4.1. Talent swirls the dish
2.4.2. CU the embryos to show that they are closely touching each other in the center of the dish
2.4.3. CU the dish as the Dejelly Solution is removed. Text: Do not leave embryos in the Dejelly Solution for longer This process usually takes less than 5 minutes
2.5. Next, wash the dejellied embryos 3-5 times in MMR + gentamycin by carefully pipetting off the MMR [1-MED-over the shoulder] and filling the dish with new MMR. Do not remove all of the MMR from the dish, which may damage the embryos [2-CU]. 
2.5.1. Talent pipettes off the MMR 
2.5.2. CU the dish as new MMR is added
2.6. After that, remove any unfertilized eggs or pieces of testis from the Petri dish [1-MED-over the shoulder CU].  To stagger their development, place half of the embryos from a single fertilization in a Petri dish kept at 14 ⁰C [2-MED], and the other half of the embryos in a Petri dish kept at 18 ⁰C. Embryos will develop more slowly at 14 ⁰C than at 18 ⁰C, allowing for multiple sets of injections from a single fertilized clutch. [3-MED].
2.6.1. *Film as written
2.6.2. Talent places a dish of embryos in the 14 ⁰C refrigerator
2.6.3. Talent places another dish of embryos in the 18 ⁰C refrigerator

3. Preparation of Injection Solutions and Microinjection of Embryos
3.1. Prepare the injection solution containing 0.01 ng/nL membrane-bound red fluorescent protein mRNA while the embryos are developing to the 4-cell or 8-cell stage [1-MED-over the shoulder-TXT].  Keep the injection solution on ice until use [2-MED]. 
3.1.1. Talent prepares the injection solution by adding membrane-bound red fluorescent protein. Text: MEM-RFP: membrane-bound red fluorescent protein mRNA
3.1.2. Talent places the injection solution on ice
3.2. Then, load a 7” replacement glass capillary tube into a needle puller, with the top of the replacement tube aligned with the top of the needle puller case [1-MED-over the shoulder].  Set the heat #2 value to 800 and the pull value to 650, and press the “pull” button to pull the needle [2-CU]. 
3.2.1. Talent places a replacement glass capillary tube into a needle puller, with the top of the replacement tube aligned with the top of the needle puller case
3.2.2. CU the needle puller as talent sets the setting and presses the “pull” button
3.3. After that, snip off the tip of the pulled needle with a pair of Dumont forceps [1-CU]. Slip the micropipette collet onto the back of the needle [2-CU]. Next, slip the large hole O-ring onto the back of the needle behind the collet [3-CU].
3.3.1. *Film as written
3.3.2. *Film as written
3.3.3. *Film as written
3.4. Now, fill the needle with mineral oil using a 27 gauge hypodermic needle, being careful not to get air bubbles into the needle [1-MED-over the shoulder].  Slip the needle onto the plunger of the microinjector, seating the needle into the large hole of the white plastic spacer installed on the plunger [2-CU]. 
3.4.1. Talent fills the needle with mineral oil using a 27 gauge hypodermic needle
3.4.2. CU the needle as it is slipped onto the plunger of the microinjector, seating the needle into the large hole of the white plastic spacer installed on the plunger
3.5. Secure the needle by tightening the collet [1-CU].  Next, press and hold the “empty” button on the microinjector control box until there are two beeps [2-MED-over the shoulder].  
3.5.1. *Film as written
3.5.2. *Film as written
3.6. Afterward, pipette 3 μL of injection solution onto a piece of Parafilm [1-MED-over the shoulder].  Then, insert the tip of the needle into the bead of injection solution on the Parafilm [2-SCOPE].  Press and hold the “fill” button on the microinjector control box to draw the injection solution into the needle [3-SCOPE].

3.6.1. *Film as written

3.6.2. A SCOPE movie to show that the tip of the needle is inserted into the bead of injection solution on the Parafilm
3.6.3. A SCOPE movie to show that the injection solution is drawn into the needle
3.7. [ADDED] Prior to microinjection, it is important to understand the early cell divisions of the Xenopus embryo. The single cell embryo has a darkly pigmented animal pole and a vegetal pole, which is white and yolky [1-SCOPE]. In the two-cell embryo, the first cleavage typically occurs between the left and right sides of the embryo. These cells contribute equally to the pronephric lineage [2-SCOPE]. The second cleavage divides the dorsal and ventral halves of the embryo, leading to a 4-cell embryo. The dorsal cells are smaller and have less pigment than the ventral cells. If injecting into a 4-cell embryo, inject the left ventral blastomere to target the left kidney [3-SCOPE]. The third cleavage bisects the animal and vegetal sides, resulting in an 8-cell embryo. At this point, there are four animal blastomeres and four vegetal blastomeres. To target the left kidney of an 8-cell embryo, inject into the left ventral vegetal blastomere [4-SCOPE].
3.7.1. A SCOPE movie to show the animal and vegetal poles of a single cell embryo.

3.7.2. A SCOPE movie to show the first cleavage in a two-cell embryo.

3.7.3. A SCOPE movie to show the second cleavage, which leads to the four-cell embryo. Talent shows the dorsal and ventral cells of the embryos, followed by identifying the left ventral blastomere for microinjection at the four-cell stage.
3.7.4. A SCOPE movie to show the third cleavage bisecting the animal and vegetal poles in an eight-cell embryo. Talent shows the animal and vegetal cells of the embryos, followed by identifying the left ventral vegetal blastomere for microinjection at the eight-cell stage.

3.8. [previously 3.7] Subsequently, fill a 60 mm Petri dish lined with 500 micron polyester mesh with 5% Ficoll in MMR + gentamycin [1-MED-over the shoulder].  Carefully pipette 20-30 8-cell embryos into the dish [2-CU].

3.8.1. *Film as written
3.8.2. CU the embryos as they are pipetted into the dish
3.9. [previously 3.8] Using a hair loop, manipulate the embryos so that the blastomere to be injected is facing the needle [1-SCOPE].  To target the left kidney, line up the embryos so that the left ventral vegetal blastomeres of 8-cell embryos face the needle [1-SCOPE] [2-SCOPE].  Inject 10 nL of injection solution into the selected blastomere of each embryo in the dish [3-SCOPE]. 

3.9.1. A SCOPE movie to show the procedure described above
3.9.2. A SCOPE movie to show that the embryos are lined up and facing the needle
3.9.3. A SCOPE movie to show the injection of the solution into 2-3 blastomeres
3.10. [previously 3.9] Then, transfer the injected embryos into the wells of a culture plate with 5% Ficoll in MMR + gentamycin [1-MED-over the shoulder].  Incubate the injected embryos at 16 ⁰C for approximately one to two hours to allow the injected blastomeres to heal [2-MED].
3.10.1. *Film as written
3.10.2. Talent places the injected embryos in the incubator
3.11. After that, transfer the microinjected embryos into new wells in the culture plate filled with MMR + gentamycin  [1- CU-TXT MED].  Incubate the embryos at 14-22 ⁰C until they reach stage 38-40 [2- CU MED].
3.11.1. CU MED the embryos as they are transferred into the new wells of a new culture plate with MMR + gentamycin.  Text: Stage 9
3.11.2. CU MED the embryos as they are placed in the incubator
4. Fixation and Immunostaining of Embryos 

4.1. In this procedure, transfer 10-20 stage 38-40 embryos into a glass vial [1-MED-over the shoulder].  Add 10 μL of 5% benzocaine in 100% ethanol to the vial [2- CU MED].  Mix by inverting the vial and wait 10 minutes to anesthetize the embryos [3- CU MED].
4.1.1. *Film as written
4.1.2. CU MED the vial as 10 μL of 5% benzocaine in 100% ethanol is added
4.1.3. CU MED the vial as it is being inverted and mixed
4.2. Next, remove MMR from the vial [1-MED-over the shoulder] and fill it with MEMFA [2-CU-TXT].  Then, place it on a three-dimensional rocking platform for 1 hour at room temperature [3-CU].
4.2.1. *Film as written
4.2.2. *Film as written. Text: See the accompanying manuscript for MEMFA’s composition

4.2.3. CU the vial as it is placed on a three-dimensional rocking platform
4.3. After 1 hour, remove MEMFA from the vial [1-MED] and fill it with 100% methanol [2-MED].  Then, place the vial on a three-dimensional rocking platform for 10 min at room temperature [3-MED]. Repeat this wash step one more time, and store the embryos in 100% methanol overnight at -20 ⁰C. Embryos are now fixed and ready for immunostaining [4-MED-TXT].
4.3.1. *Film as written
4.3.2. *Film as written
4.3.3. *Film as written
4.3.4. Talent places the embryos in the freezer. Text: See the accompanying manuscript for immunostaining protocol.
4.4. Now, screen the immunostained embryos to verify that the correct blastomere was injected by viewing the fluorescence of the tracer under a fluorescent stereomicroscope [1-SCOPE-TXT].  Place the embryos in a multi-well glass plate with the wells filled with 1X PBT using a transfer pipette with the tip cut off [2-MED-over the shoulder/ SCOPE].  Manipulate the embryos with a hair loop [3-SCOPE/ CU].  Use only embryos which have the co-injected tracer in the pronephros on the left side for gene overexpression or knockdown analysis [4-SCOPE].

4.4.1. A SCOPE movie to show the fluorescence of the tracer of the injected blastomere. Text: 1X (view whole embryo); 5X (view kidney) 
4.4.2. *Film as written

4.4.3. A SCOPE movie or CU to show that the embryos are manipluted with a hair loop
4.4.4. A SCOPE movie to show that the co-injected tracer in the pronephros on the left side of the embryo
5. Results: Examples of embryos targeted at the 8-cell stage 
5.1. This schematic shows which blastomere to inject for targeting of the left pronephros of Xenopus embryos at the 8-cell stage using membrane-bound red fluorescent protein mRNA as a tracer [1-LM-TXT]. 
5.1.1. 5.1.1-53799_Miller_Figure5A.tif: Show the image. Text: MEM-RFP Inject the left ventral vegetal blastomere of the 8-cell embryo labels cell membranes in red.
5.2. Tracer localization after injection in the left ventral vegetal blastomere is shown in red, while the kidney is labeled in green [1-LM]. This image shows that the kidney was stained green with antibodies 3G8 and 4A6. [2-LM].  Here is a close-up view of the kidney region showing tracer localization [3-LM].  And here is the merged image showing the co-localization of the tracer with the kidney [4-LM].
5.2.1. 5.2.1-53799_Miller_Figure5C.tiff: Show image 5C
5.2.2. 5.2.1-53799_Miller_Figure5C.tiff, 5.2.1-53799_Miller_Figure5D.tif: Add image 5D
5.2.3. 5.2.1-53799_Miller_Figure5C.tiff, 5.2.1-53799_Miller_Figure5D.tif, 5.2.1-53799_Miller_Figure5E.tif: Add image 5E
5.2.4. 5.2.1-53799_Miller_Figure5C.tiff, 5.2.1-53799_Miller_Figure5D.tif, 5.2.1-53799_Miller_Figure5E.tif, 5.2.1-53799_Miller_Figure5F.tif: Add image 5F
5.3. Shown here is a confocal image of the kidney of a second embryo stained with 3G8 and 4A6 [1-LM]. This is the localization of the red tracer in the kidney and surrounding tissue [2-LM].  And this is the merged image showing the co-localization of the tracer, 3G8, and 4A6 in the kidney [3-LM].
5.3.1. 5.3.1-53799_Miller_Figure4G.tif: Show image 5G
5.3.2. 5.3.1-53799_Miller_Figure5G.tif, 5.3.1-53799_Miller_Figure5H.tif: Add image 5H
5.3.3. 5.3.1-53799_Miller_Figure5G.tif, 5.3.1-53799_Miller_Figure5H.tif, 5.3.1-53799_Miller_Figure5I.tif: Add image 5I
6. Conclusion (said by authors on camera)

6.1. Bridget: Prior to performing this procedure, it’s important to become familiar with the appearance of the early embryo in order to properly target microinjections through the use of the established Xenopus fate maps.
6.2. Rachel: Once mastered, this technique can be adapted to target other tissues, such as the neural tube or heart.
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.  

5.1.1-53799_Miller_Figure5A.tif
5.2.1-53799_Miller_Figure5C.tif

5.2.1-53799_Miller_Figure5D.tif

5.2.1-53799_Miller_Figure5E.tif

5.2.1-53799_Miller_Figure5F.tif

5.3.1-53799_Miller_Figure5G.tif

5.3.1-53799_Miller_Figure5H.tif

5.3.1-53799_Miller_Figure5I.tif

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.

( 2013, Journal of Visualized Experiments


