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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) __NO_______ If yes, please list make and model of your microscope: 
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? Please list 4-6 steps
Steps: 2.8, 2.9, 3.4, 3.5, 4.2, New mounting step (4.10)
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Sonication: we ensure correct positioning of the probe in the microcentrifuge tube relative to the correct volume of sample; we use the turbidity of the BBTw solution to assess the progress of sonication.

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 visualize Drosophila tissues in situ using fluorescence microscopy following sonication. (Intro)

This is accomplished by first collecting embryonic and larval samples and then fixing them using formaldehyde, heptane, and methanol. (P1: Display the image numbered “1” without text. Add an arrow to the right, then when “formaldehyde” is said display the image numbered “2” without text. Shots 2.1.2 & 2.7.1)

The second step is to sonicate the fixed sample in order to remove the cuticle to permit antibody penetration. (P2: Display the image numbered “3.” Shot 3.5.1)

Next, the sample is immunostained with primary and fluorescent secondary antibodies. (P3: Display the image numbered “4” without text, then display the image numbered “5” without text when “fluorescent” is said. Shots 4.2.1 & 4.6.1)

The final step is to mount the sample in a glycerol-based anti-fade solution. (P4: Display the image numbered “6,” then add an arrow the right and display the image numbered “7.” Shot 4.10.1)

Ultimately, confocal or epifluorescent microscopy is used to visualize the developing tissue as well as protein expression and localization. (P5: Figures 1 & 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. Lauren Boulay: The main advantage of this technique over other methods, like tissue dissection, is that it allows for in situ visualization of a variety of developing tissues. [Take 2]
1.2. Ashley Fidler: Generally, individuals new to this method will struggle because the sonication step is dependent on a number of factors, including proper positioning of the sonicator probe to achieve maximum efficiency.
1.3. **Dr. Matthew Wawersik: Demonstrating the procedure will be Ashley and Lauren, 2 undergraduates, from my laboratory. (Add additional mention of demonstrators as necessary).  
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.

Protocol (read by voice talent at JoVE):

2. Fixation

2.1. To begin the experiment, carefully remove embryos collected on an agar plate using a small paintbrush wetted with phosphate buffer triton X-100, or PBTx, solution. (TEXT: See accompanying text protocol for fly collection cage preparation details)

2.1.1. MED/WIDE: Talent carries agar plates to bench. (TEXT: See accompanying text protocol for fly collection cage preparation details)

2.1.2. MED: Talent wets paintbrush with PBTx and loosens embryos on agar plate. 

2.2. Next, wipe the sample-laden paintbrush against the interior-facing ridge of a cell strainer.  Place a Petri dish cover underneath the cell strainer, then rinse the paintbrush and the walls of the cell strainer with a squirt bottle containing PBTx.

2.2.1. [2.2.1 through 2.2.3 combined] CU: Talent wipes the paintbrush against the cells strainer.

2.2.2. MED: Talent places Petri dish cover under cell strainer. 

2.2.3. MED – Over the Shoulder: Talent rinses the paintbrush and the walls of the cell strainer with a squirt bottle. 

2.3. After the sample has been transferred to the strainer, pour enough PBTx into the strainer to raise the sample off the mesh.  Repeat this step three times to remove yeast and fly waste. 

2.3.1. [2.3.1 and 2.3.2 combined] CU: Talent pours PBTx into strainer, enough to raise the sample off the mesh. 

2.3.2. MED: Talent repeats step once. 

2.4. Pour 50% bleach solution into the strainer and allow the larvae to sit in the solution for five minutes.
 
2.4.1. MED: Talent pours 50% bleach solution into strainer, then sets a timer for 5 minutes. 

2.5. Next, wash the sample with PBTx and allow the sample to sit in the solution for three minutes. Repeat this step five times.

2.5.1. MED – Over the Shoulder: Talent washes sample with PBTx, then places sample to rest. 

2.6. Dry the bottom of the cell strainer, then use a paintbrush wetted with PBTx to transfer the sample into a scintillation vial containing 1.75 mL of PEMS. 

2.6.1. [2.6.1 and 2.6.2 combined] MED: Talent dries bottom of cell strainer with paper towel, or other type of cloth.

2.6.2. MED: Talent uses paintbrush to transfer embryos into pre-filled scintillation vial.  (TEXT: PEMS: 0.1 M Pipes (pH 6.9), 2.0 mM MgSO4, 1.0 mM EGTA)

2.7. In a fume hood, add 250 μL of 37% formaldehyde and 8 mL of reagent grade heptane to the scintillation vial and shake the vial at 200 rpm for 20 minutes. Then add 10 mL of methanol to the scintillation vial without removing the aqueous phase and shake vigorously at 500 rpm for 1 minute. 

2.7.1. MED: Talent adds formaldehyde and heptane to scintillation vial. 

2.7.2. MED: Talent places the vial in a shaker. If possible, capture any timers set. 

2.7.3. MED: Talent removes vial from shaker, then adds methanol, closes the vial and shakes the sample (or places it in a shaker). 

2.8. After shaking, immediately pour the contents into a cell strainer over a liquid waste container. Add extra methanol to the vial, and run the contents through the cell strainer to ensure the entire sample has been removed.

2.8.1. CU: Talent removes vial from shaker (if applicable, talent may perform the shake manually) then pours contents into cell strainer.

2.8.2. CU: Talent washes vial with methanol, then pours the contents through the cell strainer. 

2.9. Dry the bottom of the cell strainer with laboratory tissue. Then apply a paintbrush to transfer the sample from the strainer to a 1.5 mL microcentrifuge tube containing 0.5 mL of methanol. 

2.9.1. [2.9.1 and 2.9.2 combined] MED: Talent dries the bottom of the cell strainer with a laboratory tissue. 

2.9.2. CU: Talent uses paintbrush to transfer the sample from the strainer to a 1.5 mL microcentrifuge tube with methanol. 

2.10. Wait for sample to settle, then remove the methanol with a pipette, and replace it with a fresh 0.5 mL aliquot of methanol.  Repeat this step three times and add a final 0.5 mL of methanol to the tube, before storing it at -20ºC for later use.

2.10.1. CU: Vial with sample settled at the bottom. Talent removes methanol with pipette. 

2.10.2. [2.10.2 and 2.10.3 combined] MED: Talent replaces methanol. 

2.10.3. MED: Talent begins to start the process again. 

2.10.4. MED/WIDE: Talent stores sample in freezer. 

3. Rehydration, Sample Preparation, and Sonication 

3.1. Retrieve the stored sample from the freezer and remove the methanol with a pipette. Then add 1 mL of a 50% methanol phosphate buffer tween, or PBTw, solution to the tube and rock the tube for three minutes.

3.1.1. MED/WIDE: Talent removes sample from freezer. 

3.1.2. MED – Over the Shoulder: Talent removes methanol with pipette. 

3.1.3. MED: Talent adds PBTw/50% MeOH to tube then places it on rocker.  [use Take 2]

3.1.3a [split shot]
 
3.2. Next, rinse the sample with 1 mL of PBTw twice, allowing the sample to settle before drawing off the PBTw with a pipette. Add 1.0 mL of bovine serum albumin phosphate buffered tween, or BBTw, to the vial and rock it for three minutes. 

3.2.1. MED – Over the Shoulder: Talent rinses sample with PBTw, then sets sample down to settle. [Use 3.1.3 Take 1]

3.2.2. MED – Over the Shoulder: Talent draws off PBTw with pipette. 

3.2.3. MED: Talent adds BBTw to vial and [split shot] places it on the rocker. 

3.3. Allow the sample to settle and remove the BBTw with a pipette. Repeat this step two times, taking care to remove as much BBTw as possible without losing any of the sample.  Then, add 0.5 mL of BBTw to the tube and place it on ice. 

3.3.1. MED: Talent checks that sample has settled, then removes BBTw with pipette. 

3.3.2. CU: Talent removes as much BBTw as possible. 

3.3.3. MED: Talent adds BBTw to the tube and places it on ice. 

3.4. Next, set the sonicator to 10% maximum amplitude and a run time of two seconds with constant sonication.  Clean the sonicator probe by placing the probe tip into a 50 mL conical tube filled with deionized water and run the sonicator, then dry the sonicator probe with a laboratory tissue.

3.4.1. MED – Over the Shoulder: Talent sets sonicator. 

3.4.2. CU: Talent places sonicator probe tip into 50 mL conical tube filled with deionized water. 

3.4.3. [3.4.2 and 3.4.3 combined] CU: Talent runs sonicator, removes tube, then dries probe with laboratory tissue. 

3.5. Submerge the probe into the tube 3 to 4 mm above the sample and start the sonication. Then remove the tube and place it on ice for 30 seconds to prevent overheating from the sonication, and to allow the sample to settle at the bottom of the tube.  Repeat this step as required by sample age.

3.5.1. CU: Talent submerges probe into tube and starts sonication. 

3.5.2. CU: Talent removes tube and places it on ice. 

3.5.3. MED: Talent removes tube from ice to repeat sonication. 

3.6. After sonication is complete, rinse the sample two times with 1 mL of BBTw.  After each rinse, allow the sample to settle before drawing off BBTw with a pipette.

3.6.1. MED – Over the Shoulder: Talent rinses sample with BBTw. 

3.6.2. CU: Talent shows settled sample in tube to camera.

3.6.3. CU: Talent draws off BBTw with pipette. 

3.7. Add 1 mL of BBTw to the vial and place it on a rocker. After three minutes, allow the sample to settle and remove the BBTw with a pipette, then repeat this step two times.

3.7.1. MED: Talent adds BBTw to vial and places it on a rocker. 

3.7.2. MED: Talent picks up settled sample and removes BBTw with pipette.

4. Immunostaining 

4.1. Block the sample with 0.5 mL of 5% normal serum diluted in BBTw to the tube and place the sample on a rocker for one hour at room temperature. 

4.1.1. Talent adds block to the tube and places the sample on the rocker. 

4.2. Next, add 0.5 mL of primary solution and rock the sample overnight at 4ºC.

4.2.1. MED: Talent adds primary solution and places it on the rocker. 

4.3. Allow the sample to settle to the bottom of the tube, then draw off primary antibodies with a pipette and rinse twice with 1 mL of BBTw. 

4.3.1. MED: Talent inspects tube then draws off liquid with pipette. 

4.3.2. MED – Over the Shoulder: Talent rinses with BBTw. 

4.4. Add 1 mL of BBTw to the vial and then place it on a rocker for three minutes. Then remove the BBTw with a pipette, and repeat this step five times. 

4.4.1. [4.4.1 and 4.4.2 combined] MED: Talent adds BBTw to vial and places it on a rocker. 

4.4.2. MED: Talent removes BBTw with pipette. 

4.5. Block the sample with 5% normal serum BBTw solution and rock it for 30 minutes, then remove the solution. 

4.5.1. [4.5.1 and 4.5.2 combined] MED – Over the Shoulder: Talent adds block to tube then places it on a rocker.
 
4.5.2. MED – Over the Shoulder: Talent removes the block solution, 

4.6. Add secondary antibody diluted in 5% normal serum BBTw solution and wrap the tube in aluminum foil.  Then, rock the sample overnight at 4ºC.

4.6.1. [4.6.1 and 4.6.2 combined] MED: Side view, talent adds secondary antibody, then wraps the tube in aluminum foil. 

4.6.2. MED: Side view, talent places sample on rocker. 

4.7. Draw off secondary antibodies with a pipette and rinse the sample with 1 mL of PBTw twice.

4.7.1. MED: Talent draws off secondary antibody then rinses the sample with PBTw. 

4.8. Next, add 1 mL of PBTw to the vial and place it on a rocker for five minutes, then allow the sample to settle and remove the PBTw with a pipette.  Repeat this step three times.

4.8.1. MED: Talent adds PBTw to the vial and places it on the rocker. 

4.8.2. MED: Talent inspects tube and removes PBTw with the pipette. 

4.9. Add 80-100 μL of DABCO solution to the tube and store it at -20ºC. 

4.9.1. MED: Talent adds DABCO solution to the tube then places it into the freezer. (TEXT: DABCO: 1,4-diazabicyclo2.2.2octane) [split into two shots]

4.10. Finally, to mount the sample, use 5-10 μL of DABCO-p-phenylenediamine, or PPD antifade, then view it with fluorescence microscopy.

4.10.1. MED: Talent mounts the sample.

4.10.2. WIDE: Talent carries slide to the microscope. 
5. Results: Dynamic Images with Sonication-based Immunostaining  
5.1. These Z-projections of 4 confocal slices demonstrate the efficacy of the protocol for visualizing morphological features as well as individual cells in situ during late-embryonic through early and mid-L3 stages of Drosophila development.  Testis development is a particularly good system for illustrating protocol efficacy because testes maturation is dynamic throughout larval development. These images highlight germ cells in red and hub cells and fusomes in green. 

5.1.1. LAB MEDIA: Figures 1A-D (Video Editor: Show the entire testes panel (figures 1A-D). Isolate the first column containing the merged, colored images. When “germ cells” is said, box the text “Vasa,” then remove the box. When “hub cells” is said box the text “Fas III/1B1,” then remove the box. When “fusomes” is said increase the size of the yellow arrows, if possible.) 

5.2. Single confocal sections of mid-L3 brains immunostained for ganglion mother cells and undifferentiated neurons in green and immature and primary neurons in red show strong staining with distinct expression patterns in the brain lobes and the ventral nerve cord. Depending on mounting orientation, imaging allows for brain tissue visualization from the dorsal surface, ventral surface, or in sagittal cross section.

5.2.1. LAB MEDIA: Figure 2A-C (Video Editor: display the entire figure with all text, then isolate only the colored images (A, B, C) on the screen with all text. Box the text “Repo” and “Pros” when “neuroblasts” is said. Remove the box then box the text Elav when “ganglion is said” then remove the box when “primary neurons” is said. Zoom in or isolate figure 2A when “dorsal” is said, then zoom in or isolate figure 2B when “ventral” is said, then zoom in or isolate figure 2C when “sagittal” is said.)
6. Conclusion (said by authors on camera)
6.1. Dr. Matthew Wawersik: This in situ technique allows researchers to efficiently explore organ development and tissue morphogenesis in organisms, where a protective cuticle prevents antibody penetration. [use Take 1]
6.2. Lauren Boulay: After watching this video, you should have a good understanding of how to sonicate and immunostain late-stage embryonic and larval Drosophila samples in order to visualize developing tissues in situ. (restate overall goal of the procedure mention specific steps).
6.3. Ashley Fidler: Don't forget that working with formaldehyde, heptane, and methanol can be extremely hazardous and precautions such as working in a hood, wearing appropriate gloves and a lab coat should always be observed while performing this procedure.   [first take best]

Provided Media

Insert your media filenames here.
[bookmark: _GoBack]We agree with the steps where JoVE has inserted the appropriate files in the script above.

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.
 2013, Journal of Visualized Experiments

image1.png
\

&

(1) Mate flics and (2) Tix sample: Presorve  (3) Sonicate sample: -
collect progeny sample at specifie stage  Disrupt cuticle to allow (4) Add primary
of development for antibody penctration antibodics:

Specific antibody binds
to protein of interest

—
(5) Add secondary antibodies:
(7) Analyze with (6) Mount Asecond antibody associated
fluorescence microscopy: immunostained samplc on with a fluoraphore binds to
Excite fluorophore and microscope slide the primary antibody

caplure image




