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Questionnaire:
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)      Y        

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)      N      
C.  Will the filming need to take place in multiple locations? (Y/N)     N      

D.  Which steps of your protocol will viewers benefit most from having filmed? 2.5, 2.7, 2.10, 2.11, 3.3, 3.5, 4.7 
E.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 3.3, 3.5
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of these methods is to study gustatory coding in a simple animal, Manduca sexta, by recording the activity of multiple receptor neurons in vivo while delivering and monitoring precisely timed pulses of tastants. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Alejandra: This method can help answer key questions about gustation, such as how tastes are encoded by populations of gustatory receptor neurons.
1.2. Alejandra: The main advantage of this technique is that it allows in vivo recordings from multiple gustatory neurons before, during and after precisely-delivered taste stimuli.
1.3. Alejandra: Individuals new to this method might find it challenging because the dissection procedure is intricate. Because of this, we hope that a visual demonstration of the method will be helpful.
1.4. Mark: These techniques were developed by Sam Reiter when he was a graduate student in my lab.  Along with Alejandra, Kui Sun will demonstrate the procedures.
1.4.1. Interview style: Author saying the above 

1.4.2. Kui Sun looks up from workbench or desk or microscope and acknowledges the camera.

Protocol: (read by voice talent at JoVE)
2. Preparing M. sexta for Brain Surgery
2.1. Three days after eclosion, [1.WID] choose a moth of either sex that has a generally healthy appearance: [2.MED] the wings should be fully extended and the proboscis and antennae should be well-formed and intact.  [3.SCOPE/ECU]
2.1.1. Establish talent preparing to select a moth
2.1.2. Taking moth from housing cage
2.1.3. Detail of the moth, shown by scope if needed to show healthy proboscis and antenna in detail – on SCOPE/ECU shots choose the technique which better shows the step being filmed
2.2. In a fume hood, insert the selected moth into a restraining tube until the head is exposed.  [1.SCOPE/ECU] Then, immobilize the moth by inserting tissue paper into the other end of the tube. [2.ECU]
2.2.1. Loading selected moth, just inspected, into a tube, show head exposed at end of tube
2.2.2. Inserting tissue paper into the other end of the tube
2.3. Now, using pressurized air delivered from a syringe, [1.MED-TXT] remove the hair from the exposed head.  [1.SCOPE] Then, place the tube on a clay platform in a Petri dish.  Orient the head dorsal side up. [3.CU]
2.3.1. Attaching syringe to tube attached to air outlet, opening air flow, TEXT: 1 mL syringe, i.d. 1.4 mm, blunted 19 Ga needle
2.3.2. Removing hair from moth using pressurized air flow
2.3.3. Transferring tube to dish with clay, attaching tube to clay, 
2.4. Next, protect the antennae and the proboscis.  First, make covers for each structure [1.MED] from 200 µL pipette tips cut into half-centimeter lengths. [2.ECU]
2.4.1. Unpacking and cutting a 200 µL pipette tip
2.4.2. Cutting another tip, show cut position and size of new openings
2.5. To manipulate the proboscis, prepare a hook from a piece of wire. [1.CU-TXT]  Extend the proboscis into one of the covers until the most proximal part of the proboscis is protected.  Secure the tube to the dorsal part of the head capsule using firm batik wax. [2.SCOPE] 

2.5.1. Making the hook from wire, TEXT: 22 AWG, ~7 cm long
2.5.2. Using hood to extend proboscis of moth into sheath and then securing the sheath with wax
2.6. Next, carefully sheath the antennae and secure the tubes with batik wax.  [1.SCOPE]
2.6.1. extend antenna of moth into sheath and then securing the sheath with wax
Authors, I’ve called for a lot of dissection scope shots already knowing that you don’t customarily use a microscope for these steps.  However, a scope shot will provide better resolution and make a better video.
2.7. Now, stabilize the brain. [1.MED] Under the dissection microscope, use micro-dissection tools to open the head capsule by making a small cut just below the proboscis. Then, cut the buccal compressor muscle.  [2.SCOPE]
2.7.1. Establish talent setting up to view head under scope
2.7.2. Focusing on the head and making initial cuts, as described
2.8. To confirm the muscle is cut, offer sucrose solution to the distal two-thirds of the proboscis [1.MED-TXT] and for five minutes make sure that the proboscis does not extend. [2.ECU-TXT]  Then, close the head capsule using a layer of melted batik wax.  [3.SCOPE] 

2.8.1. loading suction tool with sucrose solution, placing sucrose near proboscis, show if a micromanipulator or any sort of stabilizer is used,  TEXT: about 200 µL of 1 M sucrose
2.8.2. solution offering near proboscis, no extension of proboscis, TEXT: 5 min. observation
2.8.3. closing up the head with wax
2.9. To perfuse the brain with saline, build a wax cup around the ventral side of the head. [1.CU]
2.9.1. flipping the moth tube on the clay platform
2.10. Using an electric waxer, start building a wax cup [1.MED] along the front of the head, moving towards the back. Keep the proboscis and antennae tubes inside the cup. Continue building the cup outward and upward until it reaches the level of the eyes. [2.ECU/SCOPE]. Using the forceps, take the labial palps and attach them to the wax cup by using melted wax [3.?]
2.10.1. Establish the waxer and talent’s orientation while waxing head of moth

2.10.2. Adding wax to head, as described – film until wax wall completed to level of eyes 
2.10.3. Labial palps are attached to the wax cup {New step, was shot together with 2.10.2}
2.11. Next seal any openings in the wax cup and tubes using a thin layer of binary epoxy.  [1.MED] Mix the epoxy using a toothpick.  First, cover the outer and inner surfaces of the cup. [2.SCOPE] 
2.11.1. Mixing epoxy with toothpick
2.11.2. Applying epoxy to wax with toothpick
2.12. Third, fill the part of the restraining tube surrounding the neck so the head is held more firmly.  [2.ECU/SCOPE] After 20 minutes, check the cup for leaks. [3.ECU-TXT] Voice Talent note: I did a second take starting this with “Second”, since there seems to be none.
2.12.1. Loading epoxy into sheaths {This step was shot together with 2.11.2}
2.12.2. Loading epoxy between head and tube
2.12.3. Checking for leaks, show technique, TEXT: 20 min. cure
3. Revealing the Sub-esophageal Zone (SEZ) and Maxillary Nerves 
3.1. To begin the brain surgery, first cut off the labial palps.  [1.WID]
3.1.1. Establishing shot of talent at scope, preparing for the surgery
3.2. Next, to open the ventral side of the head capsule, make two cuts along the cuticle that surrounds each eye, from back to front.  Then, cut along the back of the head and make more cut along the front of the head, near the proboscis. Then, gently lift the flap of cuticle with forceps to expose the brain [1.SCOPE].
3.2.1. Opening head with the described cuts
3.3. Now, perform the most critical step – exposing the SEZ and maxillary nerves.  Slowly and carefully remove fat tissue and the trachea.  Rinse the brain frequently with fresh saline.  [1.SCOPE]
3.3.1. Removing fat tissues.  
3.3.2. Applying saline rinses as needed.
3.4. Be very careful, because it is very easy to crush the maxillary nerves. When the SEZ and the maxillary nerves are finally visible, they will be covered by a thin sheath.  [1.SCOPE]
3.4.1. Expositing the SEZ as fat is removed, identify the maxillary nerves, show that they remain intact
3.5. To remove this sheath, drain any excess saline and then weaken the sheath by applying a 10% collagenase/dispase solution. [1.SCOPE-TXT]  After soaking for five minute rinse out the solution several times with saline. [2.ECU] Then, gently remove the sheath using two super-fine micro-dissection forceps.  [3.SCOPE]
3.5.1. Removing the saline with a tissue paper, then applying solution to SEZ to remove outer tissues, TEXT: 10% (w/v) collagenase/dispase in saline, 5 min
3.5.2. Rinsing with saline 
3.5.3. Removing the tissues, sheath, surrounding SEZ
3.6. Lastly, secure a saline drip line into the perfusion cup. [1.CU]
3.6.1. Setting up drip line and perfusion cup
4. Tastant Delivery System and Extracellular Tetrode Recording
4.1. This section describes how to build and use a tastant delivery system.  The system consists of a testing tube with several openings.  The openings provide entrance for the animal’s proboscis, the tastant manifold, a color sensor, and they allow for the flow-through of water. [1.LM]
4.1.1. Animation.avi 
4.2. To build this system, first, prepare a testing tube for the proboscis. [1.MED] Make a proboscis-sized hole using a soldering iron. [2.CU] Then, build a screened-in section within the tube: cut 5 mm above the hole, place the mesh there with wax and reconnect the tubes using wax and epoxy. [3.CU-TXT]
4.2.1. Establish talent with tools, tube and supplies, takes soldering iron into hand
4.2.2. Burns hole in tube for proboscis access.
4.2.3. Cuts tube above hole, inserts mesh and applies epoxy to reattach tube, TEXT: See the text protocol for details.
4.3. Use a pressurized perfusion system to deliver the tastants. [1.MED] Join as many tastant tubes as needed to a manifold. [2.CU] 
4.3.1. Pan over the pressurized perfusion system used to deliver the tastants
4.3.2. Detail of how several tubes are made into manifold with one output
4.4. To connect the tastant output tube, make a hole about 1 cm above the mesh, [1.CU] then secure the output tube to it with epoxy.  [2.CU-TXT] 
4.4.1. Making hole in testing tube 1 cm above mesh

4.4.2. Attaching tube for perfusion system to testing tube, TEXT: i.d.: 0.86 mm 
4.5. In each tastant include an artificial dye to be detected by a color sensor. [1.CU] Attach a color sensor to the apparatus at a hole one-half centimeter above the mesh [2.CU] and secure it there using epoxy. [3.CU]
4.5.1. Loading a tastant solution that has an easily seen dye into the delivery system
4.5.2. Burning a hole above the mesh for sensor
4.5.3. Attaching sensor to the hole using epoxy
4.6. Use a peristaltic pump to deliver distilled water into the system via silicone tubing. [1.MED-TXT] Collect the waste water with a large container. [2.MED] 
4.6.1. Attaching tubing to the tube for water flow, TEXT: ~ 40 mL / min
4.6.2. Demonstrating how the tube is positioned over container to collect waste water
4.7. Use a pneumatic pump to deliver the tastants with puffs of air. [3.MED-TXT]
4.7.1. Adjusting control of delivery, TEXT: 10 p.s.i. for 1 s delivers ~ 0.5 mL tastant
4.8. Now, begin pumping clean water through the tubing [1.MED] and deliver pulses of tastant to test the color sensor. [2.CU]
4.8.1. Starting the water flow from pump, show the water flowing through apparatus
4.8.2. View of apparatus, show dye solution pulses flowing through water near the color sensor, if dye isn’t obvious, it will help make the background white using some paper – show a few dyes flowing by, progressively more intensely colored
4.9. Now, load the distal two-thirds of the moth proboscis into the testing tube. [1.MED] Using forceps, extend the proboscis and gently push it into the hole.  [2.ECU] Then, seal the proboscis in place with soft dental wax and a layer of epoxy. [3.CU]
4.9.1. Bringing the moth preparation into proximity with the apparatus, talent has forceps ready to use

4.9.2. Moth proboscis being extended into the hole with help of forceps

4.9.3. Sealing the proboscis in place with wax and then added epoxy

4.10. Now, connect the saline perfusion line [1.ECU] and set the perfusion flow. [2.MED-TXT] Then, immerse the ground electrode of the twisted wire tetrode into the saline bath. [3.CU] 
4.10.1. attaching the solution line
4.10.2. turning on the saline flow TEXT: 0.04 L / h
4.10.3. placing wire into saline bath and securing it there 
4.11. Then, using a micromanipulator, position the tetrode next to the maxillary nerve [1.CU] and slowly advance it into the nerve. [2.SCOPE] After detecting spiking signals, let the preparation stabilize for at least 10 minutes before taking recordings. [3.MED-TXT]
4.11.1. Talent adjusting the position of the electrodes to near the exposed nerve
4.11.2. -the four electrodes penetrating the tissue
4.11.3. Talent observing e-phys instruments, which are now collecting spikes, try to show some action, like visible changes in the instrument displays and/or talent tweaking the position the electrodes, TEXT: See the text protocol for electrophysiology recording details. {Video clip 4_11_3.avi} or maybe “spikes.clip.avi”
5. Results: Tetrode Recordings of Stimulated Gustatory Receptor Neurons 
5.1. Recordings were made from gustatory receptor neurons before, during, and after tastant delivery using the described protocol. [1.LM] The onset and offset of a 1-second pulse of each tastant was monitored by the color sensor. The tastants elicited spikes that were detected by each of the four channels. [2.LM]
5.1.1. Fig 5 – start with labeled photo on left side, then zoom into the hash-marked square and fade to the photo on the right side that represents the content of the hash-marked square
5.1.2.  Fig 6A – start by showing top graph of panel, animate the drawing on of the red line from left to right red line).  At “The testants elicited” then animate the addition of the four blue lines below it to fill the screen.  Include the pink-shading area but not the vertical dashed black lines
5.2. Within the spike chains, individual action potentials could be observed. Spike-sorting software was used to assign these spikes to unique neurons. [1.LM]
5.2.1. Fig 6A -  at “Within the spike chains” add the vertical dashed black lines, then animate the stretching of the blue data to the left and right and fade on the bottom part 6A (bars 1-4 with grey background and timeline beneath)
5.3. The response to three different gustatory receptor neurons to four tastants delivered in sequence reveals different levels of baseline activity and selectivity to the tastants.  Also, responses had different timing: some are locked to the duration of the stimulus while others outlast the stimulus. [1.LM]
5.3.1. Fig 6C – start with drawing the top titles (GRN 1 – 3) and chemical abbreviations on the right, then draw on the bottom part of the graph, the timeline, and by “different baseline activity” draw on the pink bars and the blue tick marks throughout.  At “some are locked” add a highlight to GRN 1 blue ticks on the Suc line.  At “while others outlast the stimulus” add highlights to the GRN 2 blue ticks on the two lines associated with NaCl (3rd and 4th).
5.4. Intracellular recordings could also be made from gustatory receptor axons using conventional sharp glass electrodes. [1.LM] The intracellular recordings were very similar to responses observed using the described tetrode technique, [2.LM] but the tetrode recordings were easier to make, longer-lasting, and more robust. [3.LM]
5.4.1. Fig 7A
- no animation needed, just remove the green square.  To transition to the next figure, shrink down the data so it will fit where the green square is in Fig 7B.  The timeline and red line can be compressed to fit over the leftmost red line on Fig  7B.
5.4.2. Fig 7B – fade on 7B after 7A has been shrunk.  No need to include the green box but all other labels are worth having included  
5.4.3. Show Fig 6C next to Fig 7B - form Fig 6C remove the GRN3 section, so that GRN1 and GRN 2 can be compared.
6. Conclusion (said by authors on camera)
6.1. Alejandra: After watching this video, you should be able to expose the maxillary nerves and the sub-esophageal zone in Manduca sexta, and be able to build a tastant delivery system with precise temporal control. 
6.2. Alejandra: While performing this protocol wear laboratory safety gloves and a face mask because the fine, powdery scales shed by Manduca sexta can be allergenic.  
6.3. Alejandra: Once mastered, this procedure can be completed in three and a half hours.
6.4. Alejandra: Following this procedure, simultaneous recordings from multiple brain areas can also be performed to answer additional questions, such as how the gustatory receptor neuron responses to tastants are transformed when they are transmitted to their postsynaptic target neurons.
Provided Media

Authors, 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:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

4.1 —Animation.avi – animation to explain the testant delivery system
Pease provide all the specific panels to be shown from Fig 5 -7 as their own images in layered format so that we can animate their presentation in the video.  List those files here and upload them to your project folder (link on page 1).
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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