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

Leica M205 FA (and, if ex vivo cell imaging should be documented, also Leica DMI4000)

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Yes- do we need to provide the software or can you help us with this? 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 using the step numbers listed in this document. 

1. Preparation of slides

2. Handling and selection of larvae

3. ‘Bleeding’ and ’scraping’ of larvae to sequentially release circulating and resident blood cells, incl. assessment of blood cells in the remaining carcass

4. Imaging of released blood cells on slides ex vivo

5. Automated cell quantification using imageJ

6. Blood cell disturbance assay 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document._Step 2.3, 2.4, 2.5, in particular making appropriate incisions to ensure reproducible bleeding of the larva without interfering with resident blood cell clusters.

E.  Will the filming need to take place in multiple locations? (Y/N) Yes. If yes, how far apart are the locations? 3-4 rooms, all in one building in close proximity to each other.
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 isolate and quantify the circulating and resident blood cell populations from single Drosophila larvae. (Intro)

This is accomplished by first gently bleeding the circulating hemocytes through defined incisions in the larval body wall. (P1)

The second step is to release the population of resident blood cells from the hematopoietic pockets located between the larval epidermis and muscle layers, which requires scraping or jabbing using a needle or other dissection tool. (P2)

Next, the released blood cells are imaged on glass slides, while any blood cells remaining in the larval carcass have been accounted for as well. (P3)

The final step is to perform ImageJ analysis to quantify the released blood cells. This enables a calculation of the number of total hemocytes per larva as well as the fraction of circulating blood cells. (P4)

Ultimately, it is illustrated that mechanical disturbance of resident blood cells results in a transient increase in the circulating population. (P5)

Authors will submit the schematic diagram at the end of November. 
*Authors: Please do not remove this statement so it is not removed before it gets to video editing. 

We are revising/finalizing our schematics and will send them soon.
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).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Newly added statement, now 1.1. KB: Here we present a method for invertebrate blood cell research. It describes the selective isolation and quantification of resident and circulating blood cells from Drosophila larvae. (use take #3)
Was 1.5., now 1.2. KB: We developed this method when we started to study resident blood cells in the Hematopoietic Pockets of the Drosophila larva. When we separated resident from circulating blood cells, we observed differences in their proliferation and other behaviors. (use take #8)
Was 1.2., now 1.3. KB:  The method helps to answer key questions in development, hematopoiesis, and immunity, e.g. related to signals that induce blood cells and promote their localization to the Hematopoietic Pockets, and vice versa what are the signals that mobilize blood cells from their resident locations.  (use take #2)
Was 1.1., now 1.4. SP: Compared to existing methods, which often release hemocytes unselectively, this method distinguishes the populations of resident and circulating blood cells. It provides a reproducible and automated approach for their isolation and quantification. 
Was 1.6., now 1.5. BA: Visual demonstration of this method  familiarize yourself with the anatomical locations of resident and circulating hemocytes, and how to release them selectively.
Was 1.4., now 1.6. BA: Individuals new to this method may struggle with handling larvae gently and mating precise incisions for the bleed portion of the procedure. These steps are critical to make sure that the two populations do not mix and become released at the same time.
Was 1.3., now 1.7. SP: This method is very useful for Drosophila larvae of various sizes and instars, but it can also be adapted to other developmental stages of Drosophila and potentially for other invertebrates as well.

Protocol (read by voice talent at JoVE):
2. Larvae Collection and Dissection
ADDED: Walk-in shot of Brandy, starting from perspective of the lab dinosaur [2.0.0 -1]. 
(use take #1) 

Please make sure dinosaur is kept in the video- it is the trademark of the Brückner lab!
Text: Begin the experiment by preparing all work materials at the lab bench. Retrieve a vial of Drosophila larvae for the experiment from the incubator.
2.1. To isolate larvae from the fly food, squirt water into the vial and flush the larvae into a Petri dish [2.1.1–MED/CU]. Pick larvae out of the Petri dish using a paintbrush and place them into water in a cavity dish [2.1.2–MED/CU]. 

2.2. Transfer the larvae onto a slide on a cold metal block and select larvae of the desired size and genotype under a fluorescence microscope; larvae should carry transgenes that mark hemocytes by expression of a fluorescent protein, or another visible hemocyte marker [2.2.1-CU] and add image shot/”screen capture” [2.2.2-WID/MED].
2.3. Place one larva in the first Pap-pen well to isolate circulating hemocytes [2.3.1-SCOPE]. Use dissection scissors or two clean needles to make incisions on the ventral side of the larva to avoid resident hemocytes, one incision at the posterior end and one incision at the anterior end of the larva [2.3.2 SCOPE]. Ensure the incisions will be made in the same location on each larva. [2.3.3-SCOPE]. 

NOTE: Given the difficulty of doing these dissections with one eye piece we would like to choose which larval dissection shots/scenes should be considered for the final video. Is there a way we could review and mark this footage? Video for larvae 2, 3 and 5 is not usable; larvae 1 (for ‘bleed’), 4, and 6 were best. We prefer not to use the larva that was writhing during ‘scrape’ one, as this was an atypical behavior.
2.3.1. LAB MEDIA: Figure 1C (show this figure in a split screen with the footage)

2.3.2. *no comment

2.3.3. SP will make incisions on a different larva to show the same incisions are being made. 
2.4. Allow the larva to bleed for a few seconds without any pressure or physical agitation [2.4.1-SCOPE; combine this shot with 2.3.2 and 2.3.3]. After a few seconds, gently lift the larva with the needles or forceps and place into a second well to rinse. [2.4.2-SCOPE]. 
2.4.1. LAB MEDIA: Figure 2A. (Video Editor: Split screen with footage. Remove the text in the upper left corner of the figure)

2.4.2. *no comment
2.5. To release the resident hemocytes, gently transfer the larva to the next well and pin the larva with one needlepoint [2.5.1-SCOPE]…Use another needle to break up the clusters of hemocytes, visible through the larval body wall [2.5.2-SCOPE]. Avoid the lymph gland while releasing the resident hemocytes [2.5.3-SCOPE].
2.5.1. LAB MEDIA: Figure 2C (Video Editor: Split screen of figure with the footage. Remove the text in the upper left hand corner of the figure when displaying the image)

2.5.2. *no comment

2.5.3. *no comment
2.6. Choose one part of the larva to prod in each well and do the same for the remaining samples [2.6.1-SCOPE]. Place the final carcass on a clean area of the same slide and spread it as thinly as possible to maximize the focus on the optical layers [2.6.2-SCOPE]. Count the remaining hemocytes manually with a tally counter [2.6.3- SCOPE Over the shoulder; of the hand tally counter].
2.7. Once the dissection is complete, wait between 5 to 15 minutes for the cells to settle before imaging the wells [2.7.1-CU/ECU]. Store the slide in a moist chamber to avoid drying [2.7.2-MED Over the Shoulder]. 

3. Quantification Note: to emphasize this part, more text was added to this section and additional video footage was taken.
3.1. The settled hemocytes on the slide are examined under a fluorescence microscope. Fluorescence images of the settled hemocytes are taken. For the single well method the imaging field should cover the whole well. For the tile scanning method, the margins of the wells are selected and images are acquired using commercial microscope tile scan software [3.1.1-MED Over the Shoulder].

ADD: still of tile scan computer screen, which demonstrates the end point of imaging.
3.2. Resulting images are then analyzed for hemocyte quantification. ImageJ software is launched and the well image is opened. Ensure that the image is 8-bit or 16-bit [3.2.1-SCREEN]. Adjust the threshold by selecting image, then select adjust and threshold to observe the threshold window [3.2.2-SCREEN].

3.2.1. *no comment

3.2.2. LAB MEDIA: Figure 3A (Video Editor: Only use this figure if necessary)
3.3. Check the dark background option and select red, then adjust the lower threshold level [3.3.1-SCREEN]. This setting will enable the user to mark the cells with a red dot… the cells that are not being covered will be seen in grayscale [3.3.2-SCREEN].
3.4. Launch the particle analyzer to count the cells. Select analyze and click on analyze particle. Select overlay outlines to see the algorithm count. Alternatively, set a limit to the size or pixel area of a unit, for example cells or a cell clump, for the algorithm to count [3.4.1-SCREEN].
3.5. To analyze the cell number, click OK and observe the summary window with the count [3.5.1-SCREEN]. 

4. Hemocyte Disturbance Assay

4.1. To mechanically disturb resident hemocytes, select up to 4 to 8 larvae and place them in a 2 mL microcentrifuge tube with approximately 0.5 g of 600 micron glass beads and 0.5 mL of water [4.1.1-CU/ECU].
4.2. Vortex the tube, by hand, at speed 10 for 1 minute [4.2.1-MED]. Retrieve the larvae from the glass beads by spilling the contents of the microcentrifuge tube into a Petri dish and picking out the larvae with a paintbrush [4.2.2-CU].
4.2.1. If possible capture the setting of the vortex in the shot. 

4.2.2. *no comment
4.3. For the recovery phase, place larvae in the previously prepared Petri dishes with a thin layer of fly food [4.3.1-CU]. Incubate the larvae for 45 minutes to allow the larvae to re-establish their hemocyte pattern [4.3.2-MED]. [4.3.3-MED].  In the unlikely event that a larva stopped moving, discard it as it may have died in the process. 
4.4. After the recovery period, continue with the bleed/scrape dissections as described previously [4.4.1-MED Over the Shoulder].

5.  Results: Transient Changes in Circulating and Resident Hemocyte Populations  
5.1. In the control larva, hemocytes are localized in hematopoietic pockets, forming lateral patches and dorsal stripes [5.1.1-LM]. Transient mechanical disturbance of larvae leads to a dramatic increase in the population of circulating hemocytes at the expense of resident hemocytes [5.1.2-LM]. After the recovery period, hemocytes return to the hematopoietic pockets [5.1.3-LM]. Larvae may display enlarged dorsal vessel associated clusters and dorsal stripes [5.1.4-LM], which are predominant sites of early post disturbance accumulation. 
5.1.1. Figure 4A: Show Fig. 4A

5.1.2. Figure 4B: Display this image to the right of Fig. 4A

5.1.3. Figure 4C: Add this image to the right of Fig. 4B. 

5.1.4. Figure 4D: Highlight the arrow in 4C in yellow when “hemocytes” is said to emphasize the stripes.

5.2. The assessed percentages of circulating hemocytes were quantified using the Bleed/Scrape method [5.2.1-LM]. 
5.2.1. Figure 4D: Show Fig 4D
6. Conclusion (said by authors on camera)

Was 6.4. now 6.1. KB: This method provides a new experimental approach for invertebrate research in hematopoiesis and immunity. It allows to investigate the pool of resident self-renewing blood cells and other hemocytes, to understand how these blood cell populations are regulated by local microenvironments and systemic cues. Use the take which seems the most smooth one and where Katja is smiling; if we remember correctly it was the last of all takes for this shot
Was 6.5. now 6.2. SP: After watching this video, you should have a good understanding how to selectively and quantitatively isolate the resident and circulating blood cell populations in Drosophila larvae.

Was 6.1. now 6.3. BA: Once mastered, this technique can be completed in about 15 min per larva including the release, imaging and quantification of blood cells.

Was 6.2. now 6.4. SP: While attempting this procedure, it is important to remember to keep calm and release circulating blood cells with care. Handle larvae gently to avoid releasing the resident hemocytes along with the circulating ones.
Was 6.3. now 6.5. SP: Following this procedure, other methods like immunocytochemistry or cell biological assays can be performed; to address questions such as the status of blood cell differentiation, proliferation, survival, or phagocytosis.

Was 6.6. now 6.6. BA: Don't forget, working with sharp dissection tools can be dangerous. Take care while performing this procedure.   

Provided Media

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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


