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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 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)___N_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps
Fly preparation, Preparation before the experiment, Odour dilutions, Training protocol (Figures 1 and 2), Calculation of the performance index: a measure of the flies’ memory, Sensorimotor controls
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?   Performing the memory assay including correct odour delivery, introduction of flies into T-maze and correct timing of the different steps.

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 measure associative memory using the adult Drosophila olfactory-shock assay. (Intro)

This is accomplished by first collecting flies under carbon dioxide anesthesia. (P1: Shots 2.2.1 & 2.2.2)

The second step is to expose the flies simultaneously to an electric shock and a first odour A in the T-maze. (P2: Show the figure of the T-maze with the text “MCH.” If possible, have the flies (black dots) in the tube move around in the tube to show they are alive, also if possible show the bolt of electricity shocking the tube when “electric” is said. Shot 3.3.1)

Next, the flies are exposed to the second odour B without a shock. (P3: Display the T-maze with text “OCT.” If possible, have the flies (black dots) move around within the red tube, and add the bolt of electricity from the figure for “MCH,” but put an “X” over the bolt to suggest there is no shock. Shot 3.4.1)

Finally the flies are taken to the choice point in the T-maze where they are exposed to both odor A and B simultaneously. After 2 minutes of distribution time, the flies that chose odor A and those that chose odor B are collected separately and counted under carbon dioxide. (P4: Display the figure labeled “rest” with all text except “rest”. If possible, have the flies (black dots) move around within the small white space into the tubes on either side, as seen in the figure on the right labeled “testing.” Shots 4.1.1 & 4.2.2)

This allows calculation of the performance index for each odor.  The final PI is obtained by averaging the PI for two separate experiments, one in which odor A is shock paired and the second in which odor B is shock paired. (P5: Figure 3)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Dr James Hodge: This method can provide insight into the effect of the internal state of the animal on memory for instance by varying its age, diet and sleep. It can also be applied to other systems for instance; it is analogous to rodent olfactory-mediated fear conditioning assays, with the genes and mechanisms of learning being highly conserved between insects and mammals.
1.2. Dr Bilal Malik: Visual demonstration of this method is critical as preparing the flies for the assay and then moving the flies into, within and out of the T-maze is difficult to learn, and not easy to appreciate how to do from just a written protocol.   


Protocol (read by voice talent at JoVE):
2. Shock Learning Experiment Preparation 
2.1. To begin, grow flies on a standard food diet under a 12:12 hour light-dark cycle at 25°C. (TEXT: See accompanying text protocol formulas and mutant fly growth conditions)
2.1.1. MED/WIDE: Talent arranges flies and places them in incubator. 
2.2. One to two days before the experiment, anesthetize the flies with CO2 and separate them into 4 groups of 25. Store the flies overnight in food vials without yeast at 25°C and 70% humidity in an environmentally controlled room with 12:12 hour light:dark conditions.
2.1a Shot of outside of behavior room showing 25oC and 70% humidity.
2.1.1aTalent walks into the room.
2.2.1. MED – Over the Shoulder: Talent anesthetizes flies. 
2.2.2. MED – Over the Shoulder: Talent sorts flies under microscope and places them in food vials.
2.2.3. MED/WIDE: Talent stores vials in controlled room. 
2.3. Next, prepare a custom Perspex T-maze and regularly check the tube fitting to ensure that an airtight seal is secured during the experiment. 
2.3.1. CU: Talent prepares custom T-maze. (TEXT: See Tully, T., Quinn, W. G. Classical conditioning and retention in normal and mutant Drosophila melanogaster. Journal of Comparative Physiology A 157, 263-277 (1985).)
2.3.2. CU: Long shots of each side of the maze with ruler in view.
2.3.3. MED/CU: Talent demonstrates movement of elevator in maze. 
Note: Between 2.3 and 2.4 the original shotlist was misformatted, and the author tried to correct for it, but may not have done it in the best way, so the numbering is somewhat nonsensical
2.1	2.1x.1 Place custom-made copper grids inside the training tubes. Clean the grids regularly, and replace them if they become oxidized.
2.1.1.  2.1x.3	CU: Talent places copper grids inside training tubes. 
2.1.2	2.1x.4 	MED: Talent cleans grids. 
2.1x.5 Additional shot of coil outside of tube with detergent bottle. Talent cleans coil. 
2.2. 2.2x.1	Use crocodile clips to attach copper grids to wires running to a switch-box connected to an electric stimulator. Then, apply a voltmeter to ensure that the apparatus is delivering the required shock.
2.2.1. ? CU: Talent attaches crocodile clips. If possible, follow the layout of the copper grids to wires running to a switch box connected to an electric simulator. 
2.2.2. 2.2x.3 MED – Over the Shoulder: Talent applies voltmeter to apparatus.  
2.3. 2.2x.4	Next, hold the maze tightly with g-clamps to avoid any air leakage. Attach the T-maze to tubing running to an air pump allowing odors to be drawn across the flies and removed from the T-maze. Maintain mild airflow at 2 litres per minute.
2.3.1. 2.2x.5	MED: Talent holds maze tightly with g-clamps. 
2.3.2. 2.2x.6	CU: Talent attaches T-maze to tubing running to an air pump. If possible, display the components connected in this shot.  
2.3.3. 2.2x.7 MED: Talent maintains airflow at 200 mL/minute 2 litres per minute. 
2.4 Then, dilute 4-methylcyclohexanol, or MCH, at a 1:67 ratio and 3-octanol, or OCT, at a 1:100 ratio in mineral oil. 
2.4.1	MED: Talent dilutes MCH and OCT in mineral oil. 
2.5	Prepare a custom-made odor cup, and cover an odor block with a plastic tube with a perforated top. Place the custom-made odor cup into the odor block. This mechanism allows air to be drawn over the odour in the cup, exposing flies to an odor plume. 
2.5.1	CU: Talent prepares custom-made odor cup, then sets down cup with ruler in view.
2.5.2	[added] MED: Talent places odor cup into odor block. 
2.5.2	2.5.3	MED: Talent covers odor block with a perforated plastic tube. 
2.5.3	MED: Talent places odor cup into odor block. 
2.5.4	CU: Capture the layout of the entire apparatus (version 1 with box and version 2 without box). 
2.6	Next, pipette 30 µL of the diluted odor into the odor cup.
2.6.1	MED: Talent pipettes diluted odor into the odor cup. 
2.6.2 	Additional shots of odor cups into maze
3. Training Protocol
3.1		Perform all adult olfactory shock conditioning experiments under a dim red light, which allows the researcher to see, but prevents the fly from seeing, and ensures that the flies concentrate on olfaction as opposed to visual inputs. 
3.1.1	MED: Talent prepares dim red light for the experiment. 
3.1.2	MED: Talent carries material into area with dim red light. 
3.2	Next, introduce the flies into the training tube attached to the T-maze and allow them to adapt to the tube and airflow for 90 seconds.
3.2.1	CU: Talent introduces flies into the training tube. (TEXT: Lights are on for demonstration purposes only.) (Note to post-production, see if you can introduce a red filter for rest of experiment to simulate red light usually used for experiment, which today was performed in white light for camera).
3.2.1b [added] training tube into maze
3.2.2 CU: Zoom in on the odor extraction setup and pump
3.2.2a [added] shot of odor extraction from maze to wall.
3.2.2b [added] shot of odor extraction around pump outside room.
3.2.3	MED: Talent sets a timer for 90 seconds. 
3.3	Present the first odor, MCH, with a 60 V shock consisting of twelve 1.25-second pulses with 3.25-second inter-pulse intervals for a total duration of 60 seconds. Follow the shock with a 30 second rest period. 
3.3.1	MED: Talent presents MCH, then sends the shock.
3.3.2	MED: If possible, capture the settings of the voltmeter or other apparatus delivering the voltage to the system. Please select shot that shows 60V.
3.3.3 MED: Talent sets timer and allows flies to rest. 
3.4	Present the second odor of OCT, for 60 seconds without a shock. Follow the shock with a 30-second rest period. 
3.4.1 MED: Talent presents OCT. 
3.4.2 MED: Talent sets timer for 30 seconds. 
3.5	Then, turn the T-maze on its side and gently tap the bottom on a mouse mat to move the flies from the training chamber into the central chamber. 
3.5.1 MED: Talent turns T-maze on its side and gently taps the bottom on a mouse mat. 
3.5.2	CU: Show the flies moving from the training chamber into the central chamber if possible. 
3.6	After maintaining the flies in the central chamber for 90 seconds, fit the choice tubes into the bottom of the apparatus to form the T-maze.
3.6.1	MED: Talent sees that 90 seconds has passed. 
3.6.2	CU: Talent fits the choice tubes into the bottom of the apparatus. 
4. Learning and Memory Measurements 
4.1	To measure learning, move the flies to the choice point of the T-maze, and simultaneously expose them to both odors for 120 seconds. 
4.1.1 CU: Talent moves the flies to the choice point. 
4.1.1.2 [added] Same shot except from straight on angle.
4.1.2	MED: Talent simultaneously exposes them to both odors. 
4.2 	Trap the flies in the choice tubes by sliding the central chamber up. Then collect the flies from the central compartment and each arm of the T-maze into separate food vials, clearly labeling what the flies are and their odour choice on the vial and then counting them.
4.2.1 CU: Talent traps the flies by sliding up the central chamber. 
4.2.2 MED – Over the Shoulder: Talent collects the flies into separate food vials and labels the vials. 
4.2.3 MED – Over the Shoulder: Talent begins to count the flies. 
(This should be one of the shots of talent anaesthetising and counting flies under CO2 taken at end)
4.3	To measure memory, collect the flies after training and transfer them from the T-maze to food vials without yeast. Store flies in the dark at 25 °C and 70% humidity as described in the accompanying text protocol. Then, reintroduce the flies to the T-maze.
4.3.1	MED: Talent transfers flies from T-maze to food vials without yeast. 
4.3.2 MED: Talent stores flies in dark and checks manuscript to determine how long to incubate them. 
4.3.3	MED: Talent reintroduces flies into T-maze. 
4.4	For long-term memory, use a custom built maze that allows several batches of flies to be trained simultaneously. Administer 5 cycles of training. 
4.4.1	CU/SCREEN: Capture the layout of the custom built maze. (Authors: If this is best shown on the computer screen, please prepare screen capture instead of a video shot of this step.  Cross out the type of step not used for the post-shoot version of the script.)
4.4.2	MED: Talent administers training in the custom built maze. 
4.5	Maintain the flies at 18 °C and 70% humidity in the dark until testing. Prior to testing, move the flies to 25 °C and allow them to acclimatize for at least 1 hour. Assess long-term memory 24 hours after training.
4.5.1	MED: Talent places flies in controlled dark incubator. 
4.5.2	MED: Talent removes flies and let’s them acclimatize. 
4.5.3	MED: Indicate 24 hours has passed before talent assesses long-term memory. 
4.6	After the behavioural experiments, clean the odor cups, T-maze, Perspex tubes, and odor blocks with hot water and odorless detergent. After drying, apply 10 µL of sigmacote to the odour cups; then heat the odor cups in a microwave oven to solidify the sigmacote. 
4.6.1	MED: Talent lays out odor cups, T-maze, Perspex tubes, and odor blocks. 
4.6.2	MED – Over the Shoulder: Talent cleans components with hot water and odorless detergent. 
4.6.3	MED – Over the Shoulder: Talent finishes drying, then applies sigmacote to the odor cups. 
4.6.4	MED: Talent heats odor cups in microwave. 
5. Sensorimotor Controls
5.1	Perform odor acuity by introducing 100 flies into the T-maze. 	
5.1.1 MED: Talent introduces 100 flies into the T-maze. 
5.2	After 90 seconds, move the flies to the choice point, and allow them 2 minutes to choose between pure odors and air. Then, collect and count the flies. 
5.2.1 MED: Talent moves flies to the choice point. 
5.2.2 CU: Flies choose between pure odors and air. 
5.2.3 MED: Talent collects and flies then counts them. (This should be a later shot of talent with CO2 and microscope counting flies)
5.3	For shock reactivity introduce the flies into the shock chamber. 
5.3.1	CU: Talent introduces flies into shock chamber. 
5.4	After 90 seconds of rest, administer a 60-V DC electric shock.  Some of the flies will escape to a similar tube without a shock. 
5.4.1	MED: Talent administers shock.
5.4.2	CU: Capture flies moving in the maze. Alternative shot, Talent uses red LED to illuminate shock tube from behind.
5.4.3 MED: Talent points to the tube that doesn’t have shock. (Video Editor: If possible, add text to the tube the talent indicates as the one not containing the shock) 
5.5 	Give the flies 2 minutes to choose, then collect and count the flies that have escaped the shock tube. 
5.5.1 MED: Talent observes flies as they choose. 
5.5.2 MED: Talent collects flies into separate tubes and counts them. 
6. Results: Olfactory Assay Elucidates Memory Effects 
6.1 	To elucidate memory effects, a series of experiments were performed with Canton S wild-type adult flies and dunce learning mutant adult flies. dunce flies show a reduction in learning compared to wild-type flies.
6.1.1 LAB MEDIA: Figure 3 (Video Editor: Show the entire figure with all text. Box WT when “canton S” is said. Box dunce when “dunce” is said. If possible, draw a vertical line on the graph, above the dunce bar (between approximately between 0.25 and 0.75), demonstrating the different between dunce and WT when “reduction” is said.)

7. Conclusion (said by authors on camera)
7.1 Dr. Bilal Malik: 	While attempting this procedure, it’s important to remember to keep track of exactly which flies are which and what has been done to them. Beware that flies can easily be stressed while being prepared, trained and tested. Make sure you minimize stress and are consistent. 
7.2 Dr James Hodge: 	Don’t forget that Drosophila learning can show day-to-day variations. Therefore take the precaution of performing your control and experimental procedures at approximately the same time of day and under the same conditions. If your controls stop learning try to analyze what has been done different compared to the days the experiment works. Once you isolate the variable, try to be more consistent with that variable when you perform the memory assay in future. Good luck!

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.
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