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Authors, general notes to you are provided in these grey boxes.  Notes specific to your protocol will appear as highlighted text.  Please begin by filling out this brief questionnaire below.   Type your answers below each question.
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  

Yes, we will require assistance with video microscopy to demonstrate the brain dissection (step 2.3). Our dissecting microscope is a Zeiss-Stemi 2000 (it is not a teaching microscope: it has only one set of binoculars).

B. What is the single most difficult aspect of this procedure and what do you do to ensure success?  

Although the results obtained with this procedure are reproducible, the effects are quite small. We find that assessing (100 flies/age&genotype in the climbing assay and counting the number of dopaminergic cells/cluster in (10 dissected brains increases the chances of success of this approach.

Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to assess neurodegeneration of dopaminergic neurons in transgenic Drosophila. (Intro)  This is accomplished by first expressing the desired transgenes under the control of the tyrosine hydroxylase promoter via the Gal4/UAS system. (P1) The second step of the procedure is to collect flies of the desired genotype, separate them by gender and age them. (P2)
The third step is to test the climbing activity of flies by negative geotaxis as they age. (P3)  The final step is to count the number of dopaminergic neurons from dissected brains collected at different ages. (P4)  Ultimately, the results will show changes in the animal’s locomotor behavior and in the size of their dopaminergic neuron population. (P5)
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Video editor:

P1: show the left and right fly in P1, animate them to slide in from the left and right, then fade on the X in between them.  The text is good above the flies, but the legend text to the left should be redone to be under the pair.
P2: Show P2, fade on “TH-Gal4>UAS-X” with the narration “desired genotype”.  Fade on the M and F symbols with “separate them by gender” in narration.  Fade on the arrow on the left with the word “time” with the narration “age them.”
P3: Use the P3 graphic, but not the text bubble - the words “climbing assay” are ok.  Show the flies in the tubes.  They start anywhere in the tube, the tube shakes a little and they fall to the bottom of it.  Then they move at different speeds upwards to end where they are shown in the image.
P4: Use the text bubble by P4.
P5: Use the green-tinted image by P5.

1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  
1.1. Maria Cecilia Barone: The implications of this approach extend toward the therapy of neurodegenerative diseases such as Parkinson’s. This approach can help to identify neuroprotective genes and pharmacological interventions.  

Protocol Chapters (read by a voice talent at JoVE):

2. Startle-induced Negative Geotaxis Assay 

2.1. To set up the assay, select age-matched flies of the desired genotypes, separate them by gender, and randomly group them into cohorts of 20 to 30 animals.  Each cohort represents a statistical sample.
2.1.1. WID: talent pounding out flies onto anesthesia pad

2.1.2. MED: sorting flies into groups and adding to vials

2.1.3. CU: adding a vial to a rack to show the number of vials collected for a typical assay
2.2. Maintain the cohorts on a 12-hour light/dark cycle to control the effects of circadian rhythms on the locomotor behavior … and at a temperature that can be replicated in the testing room. 

2.2.1. WID: opening the incubator to load flies

2.2.2. CU: placing a rack of vials into the incubator, with enough detail to see flies moving around

2.3. Change the cohort’s vials every 2 to 3 days, and test them weekly at a consistent time.

2.3.1. Like 2.1.1, just prior to loading the flies to testing tubes 

2.4. Thirty minutes before the test, anesthetize each cohort with CO2 and transfer them to a labeled plastic tubes made from empty food vials joined with tape. (TEXT: 19 cm x 2.85 cm tube) 
2.4.1. CU: tube/vial being labeled with experimental info, show size/position of writing

2.4.2. MED: transferring flies form anesthesia pad to the tube, labeled, and joining it to second tube

2.5. The flies should be awake after 5 to 10 minutes, but complete recovery from anesthesia varies with age and genotype and must be optimized.  

2.5.1. ECU: flies that are knocked out, in their testing vials, begin to awaken and crawl around

2.5.2. CU: the testing vial with flies crawling around
2.6. Now, create a height scale to view behind the test vials.  Mark distances, between 1 and 20 centimeters on a piece of white paper.  Then, secure the scale into position.
2.6.1. MED: talent making a height scale with ruler and paper
2.6.2. MED: securing the height scale where it needs to be for testing the flies
2.7. Now, align the tubes to be tested against the scale.

2.7.1. CU: viewing the scale in focus through the tubes
2.8. About 20 to 30 cm away, position a digital camera with a square view of the vials.  
2.8.1. MED: positioning the digital camera to record the vials

2.9. Make sure the labels on the tubes and the scale are clearly in view.

2.9.1. MED/CU: from behind the digital camera, focus on the labels on the tubes
2.10. Once positioned, start the recording and start a digital timer.
2.10.1. MED: pressing the record button and starting a digital timer
2.11. Now, tap a tube for a few seconds – all of the flies should collect at the bottom of the tube. Be sure to do this step consistently, with the same duration and same force throughout the whole experiment.
2.11.1. MED: banging the tubes down 

2.11.2. CU/ECU: flies collecting down at the bottom of the tube

2.11.3. MED: just like 2.11.1, but a different take/angle to demonstrate consistency
2.12. After a minute, repeat the knock down again, for the second of fifteen consecutive trials.  When the fifteen trials are all completed, return the flies to fresh vials.
2.12.1. CU: get the same video angle the digital camera in the experiment showing the flies climbing upward, then after a minute (timer is likely in view) the talent knocks down again

2.12.2. MED: returning the a cohort of flies from the test tube to a fresh vial
3. Negative Geotaxis Assay Data Analysis
3.1. By visually inspecting the movies, for each of the fifteen trials performed per cohort, count the number of flies above the 2-cm mark after 10 seconds have elapsed. 

3.1.1. WID: talent at computer

3.1.2. MED: screen and talent, talent is counting the flies above a certain height and recording the number into a spreadsheet or notebook
3.2. The 2-cm mark is determined empirically – it is the distance that all of the controls cross after 10 seconds at many of the ages being tested.  

3.2.1. SCREEN CAPTURE: showing control cohort(s) crossing the 2cm mark quickly

Authors, you will need to provide the screen capture video that shows what is described.  Name the video file according to the shot number and upload it to your project folder.
3.3. Take the average score from the fifteen trials and express it as a percentage of cohort members that cross the mark.  The number of statistical repeats is equal to the number of cohorts tested for each group, not by the fifteen trials.
3.3.1. SCREEN CAPTURE: screen making averages from the data in a spreadsheet, then calculating standard deviations with the averages of several cohorts
3.4. Assess the statistical significance between different genotypes using a Student’s t test , ANOVA or other appropriate methods of analysis. 
3.4.1. SCREEN CAPTURE: pulling up T-test values on two groups of averages

3.4.2. SCREEN CAPTURE: performing an ANOVA on several groups of averages with the Bonferroni post-hoc test
4. Dissecting Adult Drosophila Brains for Whole Mounts

4.1. Put flies in a dissection dish with 70% ethanol for about one minute to remove the cuticle (Pronounce “Q-T-cle”) wax.
4.1.1. WID: talent at dissection scope loading flies into 70% EtOH in dish

4.2. Then, transfer the flies to another dissection dish filled with ice-cold PBS and proceed with dissecting out the brain.
4.2.1. MED: moving flies to new dish with ice-cold solution

4.2.2. MED: talent places dish below scope and looks into oculars to dissect
4.3. Position the fly with the ventral side up; and, optionally, remove the wings and legs.
4.3.1. SCOPE: positioning fly and removing appendages (Note: we only showed how to remove the wings)
4.4. Use one set of forceps to hold on to the body and another one to hold on to the cuticle under the eye.  Then, pull the head away from the body.
4.4.1. SCOPE: removing the head
4.5. Next, remove the proboscis (Pronounce “proh-BOSS-iss”) by pulling it off the head.  
4.5.1. SCOPE: removing the proboscis
4.6. Then, grasp the head cuticle on opposite edges of the new hole and pull in opposite directions until the brain is removed from the head capsule. 
4.6.1. SCOPE: tearing head open to reveal brain, then brain is released
4.7. Now, delicately remove the remaining cuticle from the brain surface.
4.7.1. SCOPE: cleaning bits of stuff off the brain
4.8. Then, remove all the air-filled tracheal tissue; this will prevent the brain from floating during the following incubation steps. 
4.8.1. SCOPE: removing the tracheal tissue, have talent identify this before removing it
5. Tyrosine Hydroxylase Immunofluorescence in Whole Mount Brains

5.1. Prepare a brain-handling pipette from a P200 pipette tip: cut off a few millimeters and equilibrate it with 0.1% Triton X-100 in PBS.
5.1.1. MED: talent selects a P200 tip, cuts it short

5.1.2. MED: pipettes Trit-X solution in and out of tip
5.2. Transfer the brains to a half ml tube completely filled with 4% PFA in PBS.  Fix the brains at room temperature for 20 minutes with gentle rotation. 
5.2.1. ECU: ejecting a brain into the 0.5 ml tube with 4% PFA

5.2.2. MED: securing tube to nutator, starting it and starting timer
5.3. After 20 minutes, use a P-1000 pipette to replace the fixative with half of a ml of washing buffer, being 0.1% Triton X-100 in PBS.  Mix by inversion and allow the brains to incubate for one minute before replacing the wash buffer.
5.3.1. ECU: the tube as the P1000 pipette tip remove the solution, leaving the brains behind in a small volume of solution try a side view

5.3.2. MED: loading pipette with wash buffer and adding it to tube with brains.

5.3.3. MED: inverting/mixing the tube and setting the timer for one minute
5.3.4.  MED: replacing the wash buffer
5.4. After a minute, replace the wash buffer a second time and incubate the brains at room temperature for twenty minutes.  
5.4.1. CU: removing wash solution from brain tube and adding new solution

5.4.2. MED: setting up the tube to incubate for 20 min, starting a timer
5.5. Then, replace the wash buffer for a third time, and incubate the brains for another twenty minutes. 
5.5.1. Reuse 5.4.1

5.5.2. Reuse 5.4.2
5.6. Now, remove the washing buffer and let the brains incubate in half of a ml of blocking buffer for one hour at room temperature.  (TEXT: blocking buffer: 0.1 M Tris-HCl, pH 7.5, 0.15 M NaCl, 0.1 % Triton X-100 and 0.5 % BSA)
5.6.1. MED: picking up brain tube and removing buffer

5.6.2. CU: loading a pipette with blocking buffer from a clearly labeled bottle/vial
5.7. After an hour, add a 1:100 (Pronounce “one-to-one-hundred”) dilution of anti-TH antibody in blocking solution.  Let it incubate for two days, at 4 °C, with gentle rotation.
5.7.1. MED: loading a pipette with anti-TH Ab from a clearly labeled bottle and adding to the brain tube

5.7.2. WID: loading the tube onto a nutator in a cold room, then leaving the scene
5.8. To remove the block, repeat the washes used to remove the fix.  Then, equilibrate the brains with half of a ml of a 1:200 (Pronounce “one-to-two-hundred”) diluition of secondary antibody in blocking solution, for two days, at 4 °C, with gentle rotation.

5.8.1. WID: talent is dressed a little differently (two days later) action like 5.4.1

5.8.2. Like 5.7.1, different look

5.8.3. Like 5.7.2, different look

5.9. A few days later, remove the secondary antibody using the same wash procedure.
5.10. WID: talent is dressed a little differently, again (two days later), action like 5.4.2

5.11. To prepare the mounting slides, add two 25 μl drops of mounting media to a cover glass.  Place two cover glasses on the mounting media with a gap in the middle.  Allow the slides to dry. (TEXT: 24 X 60 mm, no. 1.5 slides; 18 X 18 mm, no. 2 cover slips)
5.11.1. MED: loading pipette with mounting media

5.11.2. ECU: drops mounting media added to cover glass, cover glasses added over drops, three together with a visible gap now

5.11.3. MED: sets up glued cover glasses to dry
LAB MEDIA: Figure 2a

5.12. If the width of the mounting slide does not fit the stage of the confocal microscope, use nail polish to attach a 22 by 22 mm coverslip to the slide, so it fits properly. 

5.12.1. CU: attaching a fourth cover slip to the other 3 with nail polish

5.12.2. CU: loading the completed mounting slide into the stage of the confocal scope and showing a good fit

5.13. Now, replace the solution the brains are in with 50 μl of mounting media.
5.13.1. MED: replacing the media in the brain tube with mounting media 
5.14. Equilibrate the brains with the mounting media by pipetting with a cut P-200 tip. 
5.14.1. ECU: brains moving in and out of P200 tip in a solution of mounting media
5.15. Next, using a cut P-200 tip to transfer the brains to the trench in the mounting slide.   
5.15.1. ECU: P-200 tip deposits the brain into the trench of the mounting slide
LAB MEDIA: Fig. 2A

5.16. Orient the brains to view their anterior or posterior side. Then, cover them with a number 1.5 coverslip and, from one corner, fill the space between the cover glasses with mounting media to remove all of the air. 
5.16.1. ECU: moving the brain around in the trench to a satisfying position

5.16.2. CU: placing a coverslip over brains, top view, then using pipette to load mounting media under slip until air bubbles are gone
5.17. Allow the slides to dry and then seal them with nail polish before their examination.

5.17.1. ECU: applying nail polish to seal the edges of the coverslip to the mounting slide
5.18. Investigating the stress-protective Nrf2 pathway in a Drosophila model of PD 

5.19. Human α-synuclein was expressed in DA neurons using the TH-Gal4 (Pronounce “T-H-gal-four”) driver. In the climbing assay, males expressing this transgene exhibited an accelerated decline, relative to age-matched controls and to flies co-expressing the Nrf2 DNA binding partner Maf-S.  Females showed similar results.

LAB MEDIA: Figure 1

5.20. Comparing four-week old male flies of different genotypes, TH immunofluorescence-based DA neuron counts were used to quantify the number of PPL1 neurons.  

LAB MEDIA: Figure 2B

5.21. A small, but significant, loss of PPL1 neurons was found in flies expressing α-synuclein.

LAB MEDIA: Figure 2C
6. Conclusion Interview (spoken by you on camera)

6.1. Maria Cecilia Barone: After watching this video, you should have a good understanding of how to assess neurodegeneration of dopaminergic neurons in transgenic Drosophila by climbing assays and tyrosine hydroxylase immunofluorescence.
List of Provided Media Filenames

1 – Barone-Bohmann Graphic Abstract.PPT

6.1 – Figure1
6.2 – Figure2B
6.3 – Figure2C
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.

(P4)
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