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A magnetic tether system to investigate visual and olfactory mediated flight control in Drosophila.

Script:

I. Schematic Overview (Read by voice talent):

Research on the neurophysiology and neurobehavioral genetics of olfaction in Drosophila has motivated ever more technically sophisticated and quantitative behavioral assays for olfaction.  Here we describe how to tether a fly in an olfactory magnetic-tether (OMT) apparatus. In this video you will learn how to align the rare-earth magnets and odor ports, and how to set mass flow rates for both the stimulus delivery and vacuum suction to achieve optimal odor tracking.
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Fig. #1: The procedure begins with visually inspecting the tether angles. The angle between the fly’s long axis and the horizon should be 30 degrees [A1]. A different angle will result in improper body pitch [A2]. Likewise, the fly must be oriented vertically with the pin [A3], whereas any different angle results in improper body roll [A4]. Once the fly is ready to be placed in the magnets, proper alignment of the fly will result in free range of motion through all angles and proper odor port alignment will produce a plume that passes smoothly from the delivery nozzle, over the fly’s head, into the vacuum chanber [B1]. There are several aspects of the setup that will compromise the results. If the nozzle is too far from the fly’s head, the plume will miss the animal and run directly into the vacuum [B2]. By contrast, if the nozzle is focused to close, the plume will pass over the fly’s body, missing the olfactory organs on the head [B3]. If either the flow rate from the nozzle or the vacuum pressure is set improperly, the plume will meander instead of being drawn directly into the vacuum [B4]. Finally, if the magnets are misaligned, the fly will not be suspended vertically, but rather will be offset to one side [B5]. 
II. Introduction (said by researcher to cam)

Author: please fill in the blanks.  You will say this part to the camera.
Editor: please feel free to modify/ask questions after blanks are filled

I.1- “Hi I’m Brian Duistermars from the Laboratory of Dr. Mark Frye in the Department of physiological science at the University of California, Los Angeles (said looking at the camera).”
       I.2-Today we will show you how to tether flies for use in an olfactory magnetic tether apparatus. We will also show you how to align the magnets and odor ports, and set the mass flow rates for the odor delivery system. 
I.3- We use this procedure in our laboratory to study visual and olfactory mediated flight control in fruit flies.  

I.4- So let’s get started…

III. Protocol (read by voice talent) – 

Part 1: Tethering flies

1.1) This tethering method has been optimized for an olfactory magnetic-tethering apparatus to achieve robust and repeatable experimental trials. To begin tethering, first collect flies 4-6 days post eclosion and starve them for 4-6 hours. Place a kimwipe moistened with water in the foodless vial to prevent desiccation.

1.2) Next, transfer a batch of flies from a bottle to a small vial and insert it into a brass block on a Peltier cooling stage set at approximately 4 degrees Celcius. The proper temperature anesthetizes the flies within approximately 30 seconds. 

1.3) Sort the flies on the cold surface of the cooling stage. Use a damp Kimwipe to constantly cool and wick moisture from the cuticle. You will want to select the largest females for tethering. 

1.4) Using a fine brush, push a single fly into position in the custom-built sarcophagus shaped to accommodate a single wild type female fruit fly. 

1.5) Next, we want to position a minutien pin with a magnetic rod mounted on a micromanipulator. The pin should be aligned so that the blunt end touches the dorsal thorax of the fly. This is just behind the head between the two wings. 

1.6) The pin should be perfectly vertical when viewed head-on toward the eyes. Even a small amount of ‘roll’ (see figure) between the fly and pin can NOT be tolerated. The side-view angle between the pin and the long axis of the body should be at a nose-up angle of 30 degrees relative to the horizon. 

1.7) Keep in mind the pin may need to be trimmed for optimal operation of the tether.  This will depend on the distance between the suspension magnets.

1.8) Once the minutien pin is aligned, use a thin steel wire to apply a small drop of UV-activated glue to the blunt end of the minutien pin. 

1.9) Now, manipulate the pin so the glue droplet touches the fly’s thorax just above the head. With the proper drop size, the glue should anneal and flow from the pin onto the thorax. Be careful not to use too much glue. 

1.10) Next, cure the glue with two 20 second bursts of UV light.

1.11) Once finished tethering the fly, put it aside and repeat the procedure for the next fly. Cut a Kimwipe into small squares and with forceps, give one to each tethered fly to restrain flight.  

1.12) After one hour of recovery, the tethered flies are ready for experiments. 

1.13) You should keep in mind that improper gluing may hinder a fly’s ability to perform in the magnet arena. Every fly should be checked for smooth rotation at the start of every experiment to ensure the flies are properly glued. This can be accomplished by rotating a striped pattern with a sufficiently large spatial period to elicit strong optomotor response. If the fly does not spin at all, has a restricted range of motion, or rotates at inconsistent velocity, then it should be discarded and replaced with a new one. If this solves the problem it was most likely a case of improper gluing. 

Part 2: Aligning the magnets
2.1) It is important to properly align the magnets to help achieve a smooth 360 degree range of motion. To do this, hold the lower ring magnets horizontally by a plastic sleeve and place them directly on top of a clear vacuum chamber. The upper rod magnet is fixed vertically approximately 3/4" above the lower magnets. Epoxy a V-jewel bearing on the bottom surface of the upper magnet to minimize rotational friction and standardize fly positioning. Keep in mind that these magnets can be dangerous and their misuse can result in damaged equipment and/or minor bodily harm.

2.2) Next, roughly align the upper and lower magnets visually by placing the upper rod magnet directly above the center point of the lower ring magnets. It will be useful to attach the upper magnet to a micromanipulator for fine scale adjustment.  

2.3) Now, place a fly in the arena and adjust the horizontal and vertical position of the upper magnet until the fly can smoothly and steadily rotate 360. Every fly should be checked for smooth rotation at the start of every experiment to ensure the magnets are properly aligned and that individual minutien pins are not damaged.  

2.4) If the set up is not properly prepared, the fly may not spin at all, may have restricted range of motion, or may rotate at inconsistent velocities. This could be a problem with gluing in which case replace the fly with a new one.  If these problems exist for every fly, it is likely an issue with the alignment of the magnets and further adjustment will be required.

Part 3: Odor Delivery

3.1) To achieve stable odor tracking, the initial set-up of the odor system will require running narrow gauge Teflon tubing from the gas multiplexer to the custom built water/odor vials. The outlet of these vials should connect directly to the hypodermic port tubes using the same Teflon tubing. 

3.2) Next, a clear acrylic vacuum chamber is positioned under the arena to support the magnets. Use a 4mm glass tube mounted below the fly connected to the vacuum chamber to bring the vacuum opening closer to the fly and reduce the diameter of the opening. 

3.3) Now, place a tethered fly into the arena using forceps.

3.4) Once the fly is in place, turn on an attractive odor.  Apple cider vinegar works well for this. You can visually verify if the fly heads toward the position of the odor port when the odor is turned on. If the fly appears to have no preference for the odor, use trial and error to optimize the OMT. 
3.5) First adjust the position of the odor port until the fly appears to track the odor. We mounted the odor ports on micromanipulators and positioned them to 4mm dorsal and 3mm anterior to the fly’s head.

3.6) If changing the position of the odor port does not improve odor tracking, adjust the mass flow rate until the fly appears to track the odor. We use settings at 7ml/min.

3.7) If adjusting the mass flow rate does not improve odor tracking, adjust the flow rate of the vacuum until the fly appears to track the odor. We set the vacuum flow rate at 13l/min using a flow regulator. It may be useful to connect an external vacuum pump to the flow regulator for constant vacuum flow conditions to limit fluctuations in the vacuum supply lines which may cause fluctuations in plume structure.

3.8) Once the position of the port and the flow rates are set, periodically switch between delivering water vapor and odor vapor using a switchable gas multiplexer (see 3.1) and visually verify that the fly consistently heads toward the odor port when the odor is on. 

3.9) Occasionally, residual odor inside the odor port can elicit odor tracking when the odor is turned off. This can be eliminated without removing the properly positioned odor port by filling the hypodermic tubes with ethanol and collecting it on the delivery end with a Kimwipe. Use compressed air to blow any remaining ethanol out and resume experiments. 

IV. Representative Results/Outcome –  

If you have set your apparatus up correctly, you should observe two things:  

First, under constant rotating visual stimuli a tethered fly placed in the OMT should rotate smoothly 360 degrees in the yaw axis. “Jerky” turns (called saccades) are characteristic of spontaneous turning behavior in the absence of constant visual stimuli. If flies can not rotate smoothly, improper gluing and misaligned magnets may be to blame. 

Second, you should also see that when the odor is turned on, the fly should head in the direction of the odor port. When the odor is turned off, the fly should saccade spontaneously with no preference for any single position in the arena. If flies do not actively track the odor plume, this may mean the position of the odor port, the air flow rate and/or the vacuum flow rate may need adjustment.
V. Conclusion (Said by researcher to cam)
    C.1 – “We’ve just shown you how to tether a fly for use in an olfactory magnetic-tether (OMT) apparatus. We also showed you how to properly align the OMT magnets and odor ports and how to set the mass flow rates for the odor delivery system. 

    C.2-  “When doing this procedure it’s important to remember to  check that every fly can smoothly rotate 360 degrees to ensure proper gluing and properly aligned magnets. Also, to obtain stable odor tracking, you may need to adjust the position of the odor port or the mass flow rates of the odor delivery system.
    C.3 – “So that’s it.  Thanks for watching and good luck with your experiments”

Provided Media
Lab: Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

1.13 – Video 1 – bottom view of a spinning fly
2.4 – Video 2 – bottom view of a fly unable to spin properly
3.4 – Video 3 – bottom view of a fly tracking an odor

3.8 – Video 4 – bottom view of a fly spontaneously turning then localizing an odor source
Formats:  For static images we prefer .tiff files AT LEAST 720X480 pixels in resolution.  The higher resolution, the better.  Likewise any exported movie files should have AT LEAST these dimensions and be rendered to .mov, .mp4, or .avi files.  

General Preparation:

Lab:

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.
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