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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___yes____ If yes, please list make and model of your microscope: ___Wild M3Z______
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__no___ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps___4.5, 4.7-4.10, 5.2, 5.6____
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ___There is not really one single most difficult aspect.  The most difficult aspect is probably getting all the different parts to work correctly within one experiment, and to ensure success required us to practice the experiment to increase our efficiency and reduce mistakes.
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to record electrical activity from the nerves, muscles, and neurons and the corresponding movements of the feeding apparatus during feeding motor programs. (Intro)
This is accomplished by first (Video editor, the left figure emerges here) removing the buccal mass from an anesthetized Aplysia and (Video editor, the right figure emerges here, and highlight the text “Hook electrode” and arrow when “hook electrode” is said) attaching hook electrodes to key nerves and muscles. (P1)
The second step is to place the buccal mass in a recording dish (Video editor, show lower left circular image) and prepare the ganglia for extracellular recording (Video editor, add upper right rectangular image). (P2)
Next, the target neurons are located using extracellular electrodes. (P3)
The final step is to induce and record feeding motor programs such as biting, swallowing, and rejection. (P4, show the P2 circular image, maybe zoom into the buccal mass, maybe transition to the P5 figure towards the end of the VO.)
Ultimately, the suspended buccal mass preparation is used to show the activity of nerves, muscles, and individual neurons during different feeding-like movements of the buccal mass. (P5)
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(These two pictures go with P1)
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(This picture goes with P2)
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(This picture goes with P3)
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(This picture goes with P4 and P5)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Jeff:  The main advantage of this technique over existing methods, like isolated ganglion studies, is that recordings from nerves, muscles and individual neurons can be directly related to the movements of the feeding apparatus.   

1.2. Jeff: Helping demonstrate the procedure will be Hui Lu, a grad student from our laboratory.   

1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

Video Editor: Note from author (Jeff McManus) about SCOPE shots: We recorded the microscope video directly to iMovie.  I hope that the file format is okay; let us know if we should convert them somehow.

Note that for some of the clips of the microscope video, there is much more footage than what is likely to be included in the final video.  Let us know if we can be of assistance in how to edit these down.
2. Animal Dissection and Buccal Mass Preparation
2.1. To begin the procedure, anesthetize a 200-300 g healthy aplysia (pronounce: ə-PLIZH-ē-ə) in a dissecting tray by injecting about 50% body weight of isotonic magnesium chloride.  After the first injection near the tail of the animal, gently massage the surface of the animal to spread out the magnesium chloride.  Give additional injections near the head of the animal as needed.
2.1.1. MED:  Talent injects magnesium chloride in an aplysia.

2.1.2. CU:  The aplysia as talent gently massages its surface.
2.1.3. MED-over the shoulder:  Talent injects the animal near its head.
2.2. After the animal stops responding to gentle tactile stimuli, pin it to the tray with the dorsal side up.  Place one pin in the tail and one pin in each anterior tentacle.
2.2.1. MED-over the shoulder:  Talent pins the animal to the tray with the dorsal side up.

2.3. Then, use the forceps to pinch and lift the animal’s skin in the middle of the head behind the rhinophores (pronounce: RHI-no-fors).  Make a coronal incision across the animal’s head, just behind the point being held.  After that, make a midsagittal incision in between the rhinophores toward the mouth to expose the buccal mass.
2.3.1. MED-over the shoulder:  Talent uses the forceps to pinch and lift the animal’s skin in the middle of the head.

2.3.2. CU:  The animal’s head as a coronal incision is made across it.

2.3.3. CU:  The animal’s head as a midsagittal incision is made in between the rhinophores toward the mouth to expose the buccal mass.

2.4. Next, pull the flap of skin away from the buccal mass, and cut through the nerves and connective tissue that attach to the body wall in order to fully separate this flap of skin from the buccal mass.  Be sure not to cut any nerves or tissue intrinsic to the buccal mass. 
2.4.1. CU:  Talent pulls the flap of skin away from the buccal mass and cuts through the nerves and connective tissue.
2.4.2. CU:  The buccal mass as talent’s finger (or a pair of forceps) is pointing at/ showing it.
2.5. Afterward, grab and hold the esophagus.  Cut through the esophagus posterior to the point being held.  Pull up the esophagus and lift the buccal mass.
2.5.1. CU:  Talent holds and cuts the esophagus, then pulls it up and lifts the buccal mass
2.6. Behind the buccal mass, the cerebral, pleural, and pedal ganglia form a ring, with the cerebral ganglion attached to the buccal ganglia by the cerebral-buccal connectives (Text overlay:  CBCs:  cerebral-buccal connectives).  Leave these ring ganglia attached to the buccal mass, and cut all the nerves projecting from these ganglia to other parts of the body.
2.6.1. CU:  Talent showing the ring formed by the cerebral, pleural, and pedal ganglia.  Text overlay:  CBCs:  cerebral-buccal connectives. Then talent cuts the nerves projecting from these ganglia to other parts of the body.
2.7. Then, cut through the connective tissue around the buccal mass, and continue to lift the buccal mass up as it becomes less connected to the body.  Once the buccal mass is attached only to the mouth, hold the esophagus and the buccal mass straight up.  Make a final cut just anterior to the jaws to free the buccal mass from the body.  
2.7.1. CU:  Talent cuts through the connective tissue around the buccal mass, and continues to lift the buccal mass up as it becomes less connected to the body and is finally cut free.
2.8. Place the buccal mass in a solution of 50% isotonic magnesium chloride solution and 50% Aplysia saline in order to maintain partial anesthetization while electrodes are attached. Subsequently, place the buccal mass with the solution in a Petri dish with Sylgard bottom.  Cut through the buccal artery on the ventral surface of the buccal mass.  Then, remove the pleural and pedal ganglia by cutting their connections to the cerebral ganglion.  
2.8.1. MED-over the shoulder:  Talent places the buccal mass in a solution of 50% isotonic magnesium chloride solution and 50% Aplysia saline.

2.8.2. MED-over the shoulder:  Talent places the buccal mass with the solution in a Petri dish with Sylgard bottom.

2.8.3. CU:  The buccal mass as the buccal artery on the ventral surface is cut.

2.8.4. ECU:  The pleural and pedal ganglia as they are removed.

2.9. Leave the cerebral ganglion attached to the buccal ganglia and the buccal mass via the CBCs, and sever other connections between the cerebral ganglion and buccal mass.  Trim the esophagus and salivary glands to short lengths.
2.9.1. CU:  Talent severs other connections between the cerebral ganglion and buccal mass, and trims the esophagus and salivary glands to short lengths.
3. Hook Electrode Attachment

3.1. In this step, attach the hook electrodes to the radular (pronunciation of “radula” is RAJ-oo-luh) nerve, I2 (pronunciation: in case it’s unclear, this is the capital letter I followed by the number 2 – “eye-two”) muscle, buccal nerves 2 and 3, and branch a of buccal nerve 2 using a procedure similar to that demonstrated in the JoVE publication by Cullins and Chiel, and briefly summarized here. 
3.1.1. LAB_MEDIA:  4320_ Chiel_Figure 2
3.2. For each electrode attachment, position the electrode near the nerve or muscle.  Place the target nerve into the hook and gently lift using a manipulator (Video editor, add the text “Hook electrode” with the arrow here).  Then, dry the section of nerve using a Kimwipe.  Apply a glob of Quick Gel super glue to the hooked nerve (Video editor, add the text “Superglue” and the light blue oval shape glue here), and make sure the hook is completely covered with glue, and the tip of the reference wire is not covered with glue.  Next, use a syringe with a polyethylene tubing attachment to apply solution from the dish onto the glue, which will induce the surface of the glue to set.
3.2.1. LAB_MEDIA:  4320_ Chiel_Figure 3
4. Positioning the Ganglion and Thinning the Sheath 

4.1. The next step is to prepare a round 100 x 50 mm Pyrex recording dish to use as a recording chamber.  Apply a thin layer of vacuum grease to the notch between the cerebral and buccal chambers with a pipet tip in order to minimize leakage.    
4.1.1. MED:  Talent transfers the buccal mass to a round 100 x 50 mm Pyrex recording dish.

4.1.2. CU:  The notch between the cerebral and buccal chambers as a thin layer of vacuum grease is applied.

4.2. Then, fill the front chamber with Aplysia saline.  Carefully transfer the buccal mass from the Petri dish to the front chamber of the round Pyrex dish and make sure that none of the electrodes are pulled tightly, which could break the nerves.
4.2.1. MED-over the shoulder:  Talent fills the front chamber with Aplysia saline and transfers the buccal mass into the chamber, then makes sure the electrodes are not pulled tight.
4.3. Be very careful with the hook electrodes if the dish must be transferred to another binocular dissecting microscope for thinning the sheath.  Group the electrodes on each side of the buccal mass together.  Carefully hold the electrodes by grasping the lab tape that covers the connector pins, and again make sure that none of the electrodes are pulled tightly.
4.3.1. MED:  Talent pointing at the hook electrodes.

4.3.2. CU:  The electrodes as they are grouped on each side of the buccal mass together.
4.3.3. MED-over the shoulder:  Talent holds the electrodes by grasping the lab tape that covers the connector pins.
4.4. When the dish is positioned under the microscope, the electrodes should be draped gently over the sides of the dish and rest on the platform.  During breaks and between stages of the experiment, aerate the saline in the buccal mass chamber using an aquarium airstone.
4.4.1. CU:  The platform of the microscope as the electrodes are draped gently over the sides of the dish and rest on it.

4.4.2. CU:  An aquarium airstone as it is turned on in the buccal mass chamber.
4.5. Next, pin the cerebral ganglion in the back chamber with the CBCs running through the notch.  Apply more vacuum grease over the CBCs.  
4.5.1. SCOPE:  A movie to show that the cerebral ganglion is pined in the back chamber with the CBCs running through the notch.
4.5.2. SCOPE:  A movie to show that more vacuum grease is applied over the CBCs.

4.5.3. CU:  The dish as more Aplysia saline is added to both parts of it.

4.6. Then add more Aplysia saline to both parts of the dish, so the ganglia are completely submerged. Be sure that the saline level is lower than the height of the vacuum grease between the cerebral or buccal chambers so no leakage occurs between the chambers.  At this stage, the buccal mass should rest at the bottom of the front chamber.
4.5.3.  Use 4.5.3 here:  CU:  The dish as more Aplysia saline is added to both parts of it.

4.6.1. SCOPE:  A movie to show that the amount of vacuum grease added is higher than the level of saline in either the cerebral or buccal chambers.

4.6.2. SCOPE:  A movie to show the buccal mass resting at the bottom of the front chamber.   
4.7. Next, pin the buccal ganglia on the middle platform.  To avoid damaging the nerves that are still attached to the buccal mass, only place pins on the sheath between two nerves.  Then, add two more pins on the side of the CBCs to stretch and anchor them.
4.7.1. SCOPE:  A movie to show that the buccal ganglia is pinned on the middle platform and two pins added on the side of the CBCs.
4.8. Then, add two more pins on the side of the CBCs to stretch and anchor them.

4.8.1. SCOPE:  A movie to show that two more pins are added on the side of the CBCs. 
4.9. Keep the buccal ganglia flat or rotated based on the location of the neurons of interest.  To rotate the buccal ganglion, use a pair of fine forceps to grab some excess sheath of the CBC and pin it down between buccal nerve 2 and buccal nerve 3. 
4.9.1. SCOPE:  The buccal ganglia as it is pointed at by a pair of forceps, then show a pair of fine forceps is used to grab some excess sheath of the CBC and it is pinned down between buccal nerve 2 and buccal nerve 3.

4.10. Then most of the cell bodies that are proximate to the back chamber and cannot be easily accessed from the top of the buccal ganglion can now be seen.  Lastly, add two pins on the sheath of the buccal ganglion proximate to the buccal mass side to minimize the movement of the buccal ganglion. 
4.10.1. SCOPE:  A movie to show the cell bodies.

4.10.2. SCOPE:  A movie to show two pins are added on the sheath of the buccal ganglion proximate to the buccal mass side.
4.11. Grab the sheath of the buccal ganglion proximate to the back chamber, and cut away the excess sheath with fine scissors without exposing the cell bodies.  In order to minimize damage, only remove the amount of sheath necessary to see the cell bodies.
4.11.1. SCOPE:  A movie to show that the excess sheath is cut away to expose the cell bodies.

5. Stimulation and Recording
5.1. After thinning of the sheath is completed, attach all the electrode pins to their sockets on the cables that connect to the amplifiers.  Make sure that the electrodes are not pulled tightly and are correctly attached to their appropriate cables and that the polarities are correct.  To wash out any remaining magnesium chloride, replace the Aplysia saline in the buccal mass chamber with fresh Aplysia saline.
5.1.1. MED-over the shoulder:  Talent attaches all the electrode pins to their sockets on the cables that connect to the amplifiers and inspects the connections and polarities.
5.1.2. MED:  Talent inspecting the connections and polarities of the cables.
5.1.3. MED-over the shoulder:  Talent adds new Aplysia saline to the buccal mass chamber.
5.2. Next, thread a silk suture through the soft tissue at the front of the buccal mass, anterodorsal to the jaw cartilage.  Use two pieces of modeling clay to attach the suture to the edge of the dish, thus suspending the buccal mass from its anterior end.  Position a manipulator holding a glass extracellular electrode so that the electrode tip is near the buccal ganglion.
5.2.1. MED-over the shoulder:  Talent threads a silk suture through the soft tissue at the front of the buccal mass, anterodorsal to the jaw cartilage. Talent uses two pieces of modeling clay to attach the suture to the edge of the dish to suspend the buccal mass from its anterior end.
5.2.2. MED-over the shoulder:  Talent uses two pieces of modeling clay to attach the suture to the edge of the dish to suspend the buccal mass from its anterior end

5.2.3. MED:  A movie to show that the electrode tip getting close to the buccal ganglion.
5.3. To locate and identify a neuron, gently lower the tip of the extracellular electrode onto the sheath over the neuron soma.  Apply a stimulating current, and then switch the channel that is being used to excite the soma to recording mode in order to record the activity on the extracellular electrode and corresponding activity on the nerves.  
5.3.1. SCOPE:  A movie to show that the tip of the extracellular electrode is lowered onto the sheath over the neuron soma.

5.3.2. MED-over the shoulder:  Talent applies a stimulating current on the monitor and switches to recording mode.
5.4. To induce rejection-like motor programs, stimulate buccal nerve 2-a with a long train of 2 Hz, 1 ms pulses to generate egestive patterns.  Patterns continue for the duration of the stimulation and may continue until shortly after the stimulation ends.
5.4.1. SCREEN:  A movie to show the stimulation pulses at 2 Hz, 1 ms per pulse.
5.5. To induce biting-like motor programs, place a few crystals of solid carbachol (pronounce: KAHR-buh-kawl) directly on the cerebral ganglion.  Repetitive patterns generally begin within five minutes, and last for roughly ten to fifteen minutes before beginning to run down.
5.5.1. MED-over the shoulder:  Talent places a few crystals of solid carbachol directly on the cerebral ganglion.
5.5.2. CU:  A movie to show the buccal mass movements.
5.6. To induce swallowing-like motor programs, apply carbachol and wait until the buccal mass generates strong bites.  Then, during a bite, place a strip of seaweed in the animal’s mouth so that the radula grasps the seaweed.
5.6.1. MED-over the shoulder:  Talent applies carbachol to trigger the strong bites from the buccal mass.
5.6.2. CU:  The animal as a strip of seaweed is placed in its mouth during a bite.
6. Results:  An in vitro preparation for eliciting and recording feeding motor programs with physiological movements in Aplysia californica  
6.1. Here is the stimulation and recording of the identified motor neuron B9 (Video editor, zoom in the left panel here), and the recording from the same neuron, the I2 muscle, and several nerves during feeding motor programs (Video editor, zoom in the right panel here).

6.1.1. LAB_MEDIA:  4320_ Chiel_Figure 6

6.2. Here are the video images taken from the same series of motor programs.  Swallowing patterns were induced by application of carbachol to the cerebral ganglion and the subsequent placement of a seaweed strip into the grasper during carbachol-induced biting.  In this image, the radula is protracted to grasp the seaweed.

6.2.1. LAB_MEDIA:  4320_ Chiel_Figure 7A

6.3. And in this image, the radula has retracted, pulling seaweed into the mouth.  
6.3.1. LAB_MEDIA:  4320_ Chiel_Figure 7B

INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/index/Details.stp?ID=1597

7. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
7.1. Jeff:  After watching this video, you should have a good understanding of how to set up the suspended buccal mass preparation and obtain recordings of in vitro feeding motor programs.

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, 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.  
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LAB_MEDIA:  4320_ Chiel_Figure 7B
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.

( 2011, Journal of Visualized Experiments


