Submission ID #: 56779
Editor Name: Renee Choi
Videographer Name: M. R. Camon
Film Date: 11/3/17
Link: http://www.jove.com/files_upload.php?src=17317643

Authors and Affiliations: Karen Sophia Park1, Dorothea Godt2, Daniel Kalderon1
1Department of Biological Sciences, Columbia University, New York, NY, USA; 2Department of Cell and Systems Biology, University of Toronto, Toronto, Ontario, Canada


Title: Dissection and Staining of Drosophila Pupal Ovaries


Corresponding Author: 
Daniel Kalderon
ddk1@columbia.edu
212-854-6469

Co-authors:
Karen Sophia Park: ksp2117@columbia.edu
Dorothea Godt: d.godt@utoronto.ca
Daniel Kalderon: ddk1@columbia.edu

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Y______  
Can you record movies/images using your own microscope camera? (Y/N)_____N____  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: Nikon SMZ-10A dissection microscope
B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
3.5, 3.6, 3.7, 3.8, 5.1, 5.2
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.) The most difficult step to execute is the fat body extraction step (3.8). During fat body extraction, if the ovaries spill out of the abdominal sack, there is no way to continue with the procedure using the same pupa unless a new pupa is extracted. To ensure that the ovaries remain in the abdominal sack during the extraction, very subtle pressure is applied to the pipet bulb so that only 1-2 fat body cells leave the abdomen per second. This way, most of the fat body can be gently removed from the sack without disrupting the location of the ovaries inside the sack.  
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 dissect and stain Drosophila pupal ovaries. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Karen Sophia Park: This method can help answer key questions in developmental biology, such as those pertaining to stem cell differentiation and tissue development in the model organism Drosophila.
1.2. Karen Sophia Park: The main advantage of this technique is that customizable tools are used to accommodate the small size and translucent nature of the pupal ovaries, which are otherwise difficult to isolate.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Amy Reilein: We first had the idea for this method when we conducted time course experiments to track stem cell division in the ovary during pupal Drosophila development.

Protocol: (read by voice talent at JoVE)
2. Egg Laying and Female Larvae Selection  
2.1. [bookmark: _Hlk495049926]To begin the protocol, combine ten male and fifteen female adult Drosophila flies in a vial of normal rich fly food supplemented with yeast [1-CU]. Allow the eggs to develop into larvae at room temperature for 3-4 days [2-MED].
2.1.1. Show the flies on a pad then transferred into vial 
2.2.2 Talent sets aside the fly vial. Note to video editor: This shot is slated as 2.2.2. I moved this shot here to make VO script flow better.
2.2. Allow the eggs to develop into larvae at room temperature for 3-4 days [2-MED]. 
2.2.1. Show vial with flies from 2.1.1, then show talent flipping flies into new vial 
2.2.2. Talent sets aside fly vial 
2.3. After 3-4 days, use a moist, fine brush with soft bristles, to make a rolling movement with the brush along the wall of the vial to transfer wandering third instar larvae from the vial to a glass well filled to the brim with 1x phosphate-buffered saline, or PBS [1-CU]. Wash the food debris off the larvae by transferring them to another well filled with 1x PBS [2-CU]. 
2.3.1. Show the brush approaching and picking up a larvae then show the larvae being transferred to a glass well 
2.3.2. Larva is transferred from well with PBS to fresh well with PBS 
2.4. Separate the male and female larvae with forceps [1-MED]. Identify the male larvae by a pair of large, round, and translucent testes embedded in fat body on the lateral side of the body two-thirds down from its anterior end [2-SCOPE-LM]. 
2.4.1. Over the shoulder, talent is separating male and female larvae with forceps 
2.4.2. Male is identified and forceps are used to point out testes. LAB MEDIA: Figure 1A, show this footage in a split screen after a beat with the microscope footage 
2.5. Then collect at least ten females from the well and place the female larvae into a separate well filled with 1x PBS [1-CU]. Use forceps to transfer the female larvae gently into a new vial of fresh fly food supplemented with yeast [2-MED]. 
2.5.1. Follow the female flies as they are transferred from a fly pad to a well 
2.5.2. Show talent using forceps to transfer flies into fresh vial, talent points that he/she has added fresh yeast 
2.6. Place the vial with the female larvae in a dark location to facilitate pupariation [1-MED]. Throughout the day, monitor the larvae for pupariation [2-MED]. As each larva immobilizes and develops into a prepupa, circle the prepupa against the vial and record the approximate time when it first forms into a prepupa [3-CU-TXT]. 
2.6.1. Talent walks vials into storage location and shows that it is dark (drawer or room) 
2.6.2. Talent removes vial from storage location and then visually inspects the vial 
2.6.3. Focus on prepupa as talent circles it, then shows circled prepupa to camera for a beat, TEXT: Allow prepupae to develop to desired time point 
3. Pupae Antibody Staining Preparation 
3.1. Melt the glass tip of a Pasteur pipet over a Bunsen burner [1-CU]. As the glass melts, use forceps to pull the tip horizontally away from the rest of the pipet to form a thinner tip [2-CU]. 
3.1.1. Focus on the tip of the Pasteur pipet as talent places it in the flame, show the extent of the tip that is exposed to flame 
3.1.2. Focus on the tip, then focus on it being pulled from the rest of the pipet and extended 
3.2. After cooling, break off a small portion of the pipet tip to form a neat circular opening [1-CU]. Attach a bulb to the other end of the pipet and load the pipet with 1x PBS [2-CU].
3.2.1. Focus on the tip as it is broken, then talent shows neat circular opening to camera 
3.2.2. Focus on the pipet as talent attaches bulb, then loads pipet with PBS
3.3. To harvest the pupae, glued to the wall of the vial, apply a small drop of water along the contact zone between pupa and vial [1-CU/ECU]. After allowing the protein glue to dissolve for 1-2 min gently lift the pupa off the wall with a moist fine brush [2-CU/ECU]. Transfer a single pupa per well filled with 1x PBS [3-CU/ECU]. 
3.3.1. Show the water being applied to the contact zone, be sure to include the pupa 
3.3.2. Talent lifts the pupa off the wall 
3.3.3. Same pupa from 3.3.2 is on brush and transferred to well with PBS 
3.4. While grasping the posterior end of the pupa with one pair of forceps, carefully tear the anterior portion of the pupal case with another pair until the head of the pupa is visible [1-SCOPE]. Grip the anterior-most tip of the pupal head with forceps and gently pull the pupa out of its pupal case [2-SCOPE-TXT]. 
3.4.1. Posterior end of pupa is grasped with forceps, then anterior portion is torn with separate pair of forceps, then talent points out head of pupa with forceps, TEXT: Note: Fat body may spill out during process
3.4.2. Anterior-most tip of pupal head is gripped and pupa is pulled out of its pupal case 
Note from Authors: The above two shots were merged into one continuous clip.
3.5. Next, separate and discard the anterior half of the pupa from the posterior half until only the abdominal sack remains [1-SCOPE]. Extract the fat body cells from the abdominal sack [2-SCOPE]. 
Note from Authors: Shots 3.5.1 through 3.6.1 were merged into one continuous clip.
3.5.1. Anterior half of pupa is separated and discarded, talent points out the abdominal sack that remains 
3.5.2. Fat body cells are extracted 
3.6. Grasp the abdominal sack against the bottom of the well with forceps in one hand while holding the thin glass pipet filled with 1x PBS in another hand [1-SCOPE]. 
3.6.1. Abdominal sack is grasped with forceps and pipet comes into view 
3.7. Aim the thin pipet tip towards the opening of the sack and slowly pipet 1x PBS into the abdomen to wash away the fat body cells surrounding the pupal ovaries [1-SCOPE]. 
3.7.1. Pipet moves towards sack then ejects PBS and washes fat body cells 
3.8. Wash away the fat body cells until at least two-thirds of the fat body is gone or until the ovaries are visible near the opening of the abdominal sack [1-MED-TXT]. 
3.8.1. Talent points out that 2/3 of the fat body is gone, and also points out that the ovaries are visible with forceps, TEXT: Execute step slowly to avoid washing out the ovaries 
3.9. If the ovaries are not visible inside the well, they should have remained in the abdomen [2-SCOPE]. If the ovaries have come out, place a new pupa in the well and repeat this step [3-MED]. 
3.9.1. Talent points out that the ovaries are in the well    Note from authors: We were not able to get a shot of ovaries that have spilled out of the well.
3.9.2. Talent points out that the ovaries are in the abdomen. Note from authors: The ovaries remained inside the abdomen; however, they were difficult to capture on camera.  
3.9.3. Over the shoulder, talent places new pupa in well
3.10. Transfer the abdomen into a clear coverglass chamber filled with fixation buffer and place the lid on top [1-CU-TXT]. Dissect more ovaries than needed to ensure enough ovaries withstand the staining and mounting process [2-MED]. 
3.10.1. Talent transfers abdomen to chamber and secures lid, TEXT: Fixation buffer: 1x PBS, 4% paraformaldehyde. TEXT: Caution: Paraformaldehyde which is toxic
3.10.2. Side view, talent at microscope dissecting more ovaries 
4. Immunohistochemistry
4.1. Throughout the staining process, use forceps to gently push down any floating ovaries to the bottom of the cover glass well to ensure that the ovaries are completely immersed in antibody solution [1-CU/ECU]. 
4.1.1. Focus on floating ovaries, talent pushes foating ovaries down with forceps until they are immersed 
4.2. Place strips of double-sided tape onto the flat surface of a Nutator and then place the chambered coverglass containing the ovaries and fixation buffer on the adhesive surface [1-MED]. Incubate the ovaries in fixation buffer for 15 min at room temperature [2-MED].
4.2.1. Over the shoulder, talent adds fixation buffer to ovaries 
4.2.2. Over the shoulder, talent places tape onto Nutator and then attaches coverglass onto tape, then talent sets timer for 15 minutes 
4.3. Next, rinse the ovaries three times in 1x PBS with 1% Triton X-100, or 1% PBST for 5, 10, and 45 min, respectively, to allow thorough permeabilization [1-MED-TXT]. Block the ovaries in 10% normal goat serum in 0.5% PBST for 30 min [2-MED].
4.3.1. Talent adds PBST to wells. Show on screen text when time intervals are said, TEXT: 1 h total 
4.3.2. Side view, talent adds goat serum and sets timer for 30 minutes
4.4. Then incubate the ovaries overnight in 600 µL of primary antibody in 0.5% PBST at 4 °C [1-MED]. The next day, rinse the ovaries three times for 5 min each in 0.5% PBST [2-MED].
4.4.1. Talent adds primary antibody and places the ovaries in the refrigerator/incubator
4.4.2. Over the shoulder, removes ovaries from incubator, removes antibody, and adds PBST 
4.5. Incubate the ovaries for 2 h in 600 µL of secondary antibody diluted in 0.5% PBST at room temperature [1-MED]. After incubation rinse the ovaries twice for 5 min in 0.5% PBST and once for 5 min in 1x PBS [2-MED-TXT].
4.5.1. Talent adds secondary antibody, sets aside plate, then sets timer for 2 h 
4.5.2. Talent removes secondary antibody and adds PBST, TEXT: 2x for 5 min 0.5% PBST, 1x for 5 min in PBS 
5. Dissecting and Mounting Pupal Ovaries
5.1. Place a small drop of 1x PBS onto a microscope slide [1-CU]. Use forceps to transfer the abdominal sack from the chambered coverglass to a glass well filled with 1x PBS [2-CU-TXT]. Tear apart the abdominal sack and any remaining fat body with forceps [3-SCOPE-TXT]. 
5.1.1. Talent adds PBS onto slide, show the drop of PBS for a beat 
5.1.2. Focus on abdominal sack as talent transfers it to the well, TEXT: 1 pupa per well 
5.1.3. Abdominal sacks and fat body are torn apart with forceps, TEXT: Ensure all fat body is thoroughly torn apart
5.2. Transfer the ovaries from the well into the drop of 1x PBS on the microscope slide by grasping the center of the ovaries between the tips of the forceps [1-SCOPE/CU/ECU-TXT]. Add a few drops of 1x PBS to the slide when the solution dries [2-CU/ECU]. 
5.2.1. Talent rotates forceps, if possible, to show orientation of ovaries between forceps, Ovaries are placed into the PBS on the microscope slide, TEXT: Use a firm grip without squeezing the ovaries. 
Note from authors: Additional footage will be sent/uploaded displaying dissected ovaries in the well, as this was not captured during the shoot. 
5.2.2. Focus on the slide as drops of PBS are added 
5.3. Once all ovaries have been dissected and transferred to the microscope slide, pipet 40 µL of mounting medium onto a 22 mm x 22 mm coverslip and place the coverslip gently on top of the ovaries [1-CU/MED].  Finally, let the slide dry overnight prior to imaging [2-MED/WIDE]. 
5.3.1. Show the microscope slide with ovaries for a beat, talent adds mounting medium to slide and places coverslip over the ovaries
5.3.2. Talent places slide aside to let it dry overnight and leaves slide 
6. Results: Clear antibody staining that reveals Drosophila structure and cellular organization 
6.1. [bookmark: _GoBack]Immunohistochemistry specific to cell proliferation, such as phospho-histone H3 staining, can be used to study cell division patterns of stem cells and other mitotically active cell types [1-LM]. Pupal stalk cells derived from swarm cells can be outlined with Fasciclin (pronunciation: FAh-ssuh-clin three) III staining [2-LM]. 
6.1.1. Figure 3. Fade in the entire figure. When “phospho-histone” is said add an orange arrow pointing to the green regions on the image. 
6.1.2. Figure 3. Keep figure on screen from 6.1.2 without the orange arrows. When “Fasciclin III” is said places boxes around the white regions 

7. Conclusion (said by authors on camera)
7.1. Karen Sophia Park: While attempting this procedure, it is best to harvest and dissect more pupae than needed for the experiment, given that a few ovaries may become lost during the fat body extraction or immunohistochemistry process. 

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 are included in the email accompanying the finalized script.
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