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Abstract

Many organs depend on stem cells for their development during embryogenesis and for maintenance or repair during adult life. Understanding
how stem cells form, and how they interact with their environment is therefore crucial for understanding development, homeostasis and disease.
The ovary of the fruit fly Drosophila melanogaster has served as an influential model for the interaction of germ line stem cells (GSCs) with
their somatic support cells (niche) 1, 2. The known location of the niche and the GSCs, coupled to the ability to genetically manipulate them, has
allowed researchers to elucidate a variety of interactions between stem cells and their niches 3-12.

Despite the wealth of information about mechanisms controlling GSC maintenance and differentiation, relatively little is known about how GSCs
and their somatic niches form during development. About 18 somatic niches, whose cellular components include terminal filament and cap cells
(Figure 1), form during the third larval instar 13-17. GSCs originate from primordial germ cells (PGCs). PGCs proliferate at early larval stages,
but following the formation of the niche a subgroup of PGCs becomes GSCs 7, 16, 18, 19. Together, the somatic niche cells and the GSCs make a
functional unit that produces eggs throughout the lifetime of the organism.

Many questions regarding the formation of the GSC unit remain unanswered. Processes such as coordination between precursor cells for niches
and stem cell precursors, or the generation of asymmetry within PGCs as they become GSCs, can best be studied in the larva. However, a
methodical study of larval ovary development is physically challenging. First, larval ovaries are small. Even at late larval stages they are only
100μm across. In addition, the ovaries are transparent and are embedded in a white fat body. Here we describe a step-by-step protocol for
isolating ovaries from late third instar (LL3) Drosophila larvae, followed by staining with fluorescent antibodies. We offer some technical solutions
to problems such as locating the ovaries, staining and washing tissues that do not sink, and making sure that antibodies penetrate into the
tissue. This protocol can be applied to earlier larval stages and to larval testes as well.

Video Link

The video component of this article can be found at https://www.jove.com/video/2537/

Protocol

1. Egg laying

1. Five days before dissection: allow mated females to lay eggs for 2-4 hours on fresh food supplemented with yeast. To get synchronized and
well-developed larvae, it is important not to have overcrowded cultured (about 30 eggs/ 25mm vial). Typically, 7-16 females are used per vial,
depending on how well they lay.

2. Selecting larvae

1. Prepare a 9-well glass dissecting dish filled with Ringer's medium (128mM NaCl, 2mM Kcl, 1.8mM CaCl2, 4mM MgCl2, 35.5mM Sucrose,
5mM Hepes pH 6.9).

2. Prepare cell strainers in a six-well plate containing Ringer's medium and place it on ice. Alternatively, we use specially made molds fitted with
a nylon mesh.

3. Pick timed larvae from vial walls using fine biological tweezers (forceps) and place them in the ringer's containing dissecting dish.
4. Transfer a female larva to a clean well. We distinguish females from males by their gonads. Male testes are easily identified as big clear ovals

embedded in the posterior third of the fat body. Female ovaries, located at the same part of the fat body, can be identified as a much smaller,
clear, round spheres.

3. Dissection of larva

1. Hold the larva down just posterior to the brain with forceps and remove the head with a second pair of forceps.
2. Place the remaining posterior part on the dorsal side, with the trachea facing down.
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3. Hold the larva by the posterior spiracles with one pair of forceps and push it inward slowly while the other pair is sliding the cuticle posteriorly
until about half the larval fat body emerges.

4. Firmly hold the posterior end and use the other pair of forceps to loosely hold the cuticle. Gently and slowly pull away the posterior end so
that the cuticle and the attached intestine slide through the gap. At the end of this process, the fat body should be completely separated
from the intestine and the cuticle. Disconnect the intestine from the anterior part of the fat body. To make staining and mounting easier, it is
important that the fat body will remain intact.

5. Wet a pasture pipette thoroughly with Ringer's medium, preferably from a well containing dissected larvae. This helps coat the pipette and
prevents the fat body from sticking to it. Use the pasture pipette to transfer the fat body into the ice cold Ringer's medium in the cell strainer.

4. Fixation and Staining

All steps are performed at room temperature, except for the incubation with first antibody, at 4 °C.

1. Incubate the fat body in 5% formaldehyde in Ringer's medium. for 20 minutes with gentle agitation.
2. Wash for 5 minutes with 1% PBT (1% Triton x-100 in PBS). Repeat this step for 10 minutes and a third time for 45 minutes. 1% Triton X-100

is required to perforate the larval ovary and allow antibodies to penetrate it.
3. Block with 0.3% PBTB (0.3% Triton x-100 and 1% BSA in PBS) for 1 hour with gentle agitation
4. Incubate with the desired 1st antibody diluted in 0.3% PBTB over night at 4°C with gentle agitation. This step is usually performed in 0.2 ml

tubes on a roller.
5. Transfer fat body back to cell strainers.
6. Wash 3 times, 30 minutes each, with 0.3% PBTB with gentle agitation.
7. Block with 0.3% PBTB supplemented with 5% normal donkey serum for 1 hour with gentle agitation.
8. Incubate with an appropriate secondary antibody diluted (according to manufacturer's specification) in the blocking solution (0.3% PBTB

supplemented with 5% normal donkey serum in 0.3% PBT) for 2 hours with gentle agitation. If the antibody is fluorescent, incubate in the dark
from this point onward. This step is usually performed in 0.2 ml tubes on a roller.

9. Wash 3 times for 30 minutes each with 0.3% PBT with gentle agitation.

5. Mounting

1. Transfer the fat body to a clean eppendorf tube. Very carefully remove all liquids away and immediately cover with Vectashield mounting
media. We use vectashield routinely since it does not harden while the ovaries are being separated from the fat body.
 

Samples can be stored in mounting media at 4°C for up to a week.
2. Cut the end of a pipette tip and use it to carefully transfer the fat body with minimal volume of mounting media (about 30 μl for a 30mm cover-

slip) onto a microscope slide.
3. Use two nickel plated pin holders, holding 0.1 mm diameter pins to spread out the fat body. The ovaries are located at the posterior third of

the fat body. The fat body that surrounds them is usually shaped like a 'flower'. This helps identify the location of the ovaries. Dissect out the
'flowers' from the rest of the fat body and discard the latter.

4. Remove the fat body surrounding the gonad by crossing the two pins carefully around it. Place the isolated gonad on the slide away from the
fat body residue.

5. Cover with a cover slip and seal with nail polish.
6. Visualize directly using a confocal microscope. Samples can be stored at 4°C for up to three weeks.

6. Representative Results

We have used the above protocol to follow the establishment of several cell lineages within the somatic ovary, including GSCs and their somatic
niches. For this purpose we use specific antibodies and markers to distinguish between the different cell types in the developing gonad. Here
we show an example of two LL3 ovaries stained with different combinations of antibodies. Figure 1A highlights terminal filament and cap cells
(green), which together form the somatic cells of the niche. Figure 1B, shows the Intermingled cells (ICs, magenta), which directly contact germ
cells (blue).

 

Figure 1. LL3 ovaries. (A) monoclonal antibody 1B1 (magenta) outlines somatic cells and stains the fusome, an intracellular organelle within
PGCs (arrows). The enhancer trap hh-lacZ (anti β-galactosidase, green) is expressed in terminal filaments. At the base of the filament somatic
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cap cells (arrowheads) can be observed. (B) 1B1 antibody (green) outlines all somatic cells in the ovary. Anti-Vasa (blue) labels all PGCs. PGCs
directly contact the Intermingled cells (ICs, anti-traffic jam, magenta). Bar (for A and B) is 20 μm.

Discussion

This video demonstrates an isolation and staining protocol of late third instar larval ovaries. To perform this protocol routinely and reliably,
attention should be paid to the following points:

1. For synchronized and well-developed larvae, over crowding must be avoided.
2. To avoid loss of the small translucent ovaries, make sure to dissect the fat body intact. This will also help in locating the ovaries at the

mounting stage, particularly when mounting younger (second or beginning of third instar) ovaries.
3. In order to handle many samples at a time, use cell strainers or other contraptions.
4. Make sure the samples never dry.
5. We use a good stereo-microscope for the mounting stage. Using a transmitted light base with one-sided dark filed we can find conditions

where the contrast between the translucent ovary and the white fat body makes it easy to find and manipulate the ovaries.
6. Following mounting, avoid repeated temperature changes, this causes dissociation of the antibodies and reduces the quality of the staining.

This protocol can be applied to earlier larval stages but the fat body is more fragile and stickier, which makes it somewhat more complicated. It is
best to practice dissections of late third instar first.
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