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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__Y___  (If you can record images/videos using your own camera/software, then mark No).

   If yes, please list make and model of your microscope: __Nikon Eclipse E600FN. (Filming a patch pipette approaching any selected PPN neuron to be patch-clamp recorded.) _____

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y__ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 

3.3; 4.1; 4.2.4; 4.5 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps to be filmed by their protocol numbers. (Please do not list an entire section.) 

4.5 

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? 

All filming will take place in Room 621-2 in the Biomed II Building at UAMS.  The person patching will be Dr. Stasia D’Onofrio, with the help of our assistant, Susan Mahaffey.

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this demonstration is to describe a method for detecting high threshold and subthreshold oscillations in pedunculopontine neurons. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Garcia-Rill: This method can help answer key questions in the neuroscience field, such as whether the population of neurons helps maintain coherent activity at high frequencies.    
1.2. Garcia-Rill: How do populations of cells fire at the frequencies known to be responsible for higher cognitive function?  This protocol illustrates specific methods to detect the underlying mechanism of these subthreshold oscillations.  
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Garcia-Rill: Demonstrating the procedure will be Dr. Stasia D’Onofrio, a postdoctoral fellow, and Susan Mahaffey, a research assistant from my laboratory. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named post doc and research assistant look up from workbench or desk or microscope and acknowledge the camera.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Arkansas for Medical Sciences.
Protocol (read by voice talent at JoVE):

2. Solutions preparation 
2.1. To prepare standard aCSF, first prepare stock solutions A and B, and keep them refrigerated at 4 °C for up to 2 weeks [1-MED-TXT].  Before each experiment, mix 50 ml of stock A with 50 ml of stock B [2-MED].  Then, bring the mixture to 1 liter with distilled water [3-CU] and oxygenate it with carbogen at room temperature for at least 30 minutes [4-CU-TXT]. 
2.1.1. [Shots 2.1.1, 2.1.2, 2.1.3, 2.1.4, 2.2.1, 2.2.2, 2.2.3, and 2.3.1 combined] Talent places Stock solution A (in a labeled container), then Stock solution B (in a labeled container) in the refrigerator.  Text: See the accompanying manuscript for details
2.1.2. Talent mixes 50 ml of stock A with 50 ml of stock B
2.1.3. CU the mixture as distilled water is added to it 
2.1.4. CU the mixture as it is being bubbled with carbogen. Text: 30 min, RT
2.2. Next, prepare sucrose-aCSF by preparing stock solution C [1-MED-TXT].  Before each experiment, mix 300 ml of stock C with 600 ml of distilled water [2-CU] and oxygenate it with carbogen at room temperature for at least 30 minutes [3-CU-TXT].
2.2.1. Talent places a prepared labeled stock solution C on the bench. Text: See the accompanying manuscript for details
2.2.2. CU stock C as it is mixed with distilled water
2.2.3. CU the mixture as it is being bubbled with carbogen. Text: 30 min, RT
2.3. After that, transfer 100 ml of sucrose-aCSF solution to a clean beaker, place it on ice [1-MED], and keep it oxygenated with carbogen [1-MED-TXT] [2-CU]. 
2.3.1. Talent places a beaker of sucrose-aCSF solution on ice; TEXT: Fix the pH at 7.4 by adding drops of 0.1 M NaOH
2.3.2. CU the oxygenated sucrose-aCSF solution as drops of 0.1 M NaOH are added and pH meter is used  (Author Note: Omitted due to broken pH meter.)
3. Slice preparation 
3.1. Now, fill up a vibratome cutting chamber with sucrose-aCSF [1-MED-over the shoulder], and keep it oxygenated [2-CU].  Turn on the glycerol-based refrigerating system, coupled to the cutting chamber, and wait 15 minutes to allow it to cool down to about 4 °C [3-MED].
3.1.1. [Shots 3.1.1, 3.1.2, 3.1.3, 3.2.1, 3.2.2, 3.2.3, 3.3.1, 3.3.2, 3.3.3 combined] *Film as written
3.1.2. CU the chamber as the sucrose-aCSF is oxygenated
3.1.3. Talent turns on the glycerol-based refrigerating system
3.2. Next, remove the pup’s brain by placing a spatula under the olfactory bulb [1-MED-over the shoulder] and gently pushing it out from the most rostral area towards the most caudal area [2-CU].  Subsequently, place the brain into the ice-cooled, oxygenated sucrose-aCSF [3-CU].
3.2.1. Talent places a spatula under the pup’s olfactory bulb
3.2.2. CU the brain as it is gently pushed out from the most rostral towards the most caudal areas
3.2.3. CU the brain as it is placed into the ice-cooled oxygenated sucrose-aCSF
3.3. Make a parasagittal cut on the right hemisphere to remove approximately one third of the hemisphere [1-MED-over the shoulder].  Then, glue the trimmed side of the brain onto the metal disk [2-CU].  Subsequently, fix the metal disk to the vibratome cutting chamber and slice 400 µm sagittal sections containing the PPN [3-CU-TXT].  Keep the PPN slices at room temperature for 45 minutes prior to whole-cell patch-clamp recording [4-CU-TXT].
3.3.1. *Film as written
3.3.2. CU the brain as the trimmed side is glued onto a metal disk
3.3.3. CU the brain as a 400 µm sagittal section containing the PPN is sliced. Text: PPN: pedunculopontine nucleus (Author Note: Person’s hand is pressing buttons on the controller to the right of the cutting chamber.  This is where the thickness (400 um) of the sections determined.)
3.3.4. CU the sections as they are placed in a container with a meshed bottom, pick-up shot of mesh apparatus. Text: 45 min, RT
4. Whole-cell patch clamp recordings 
4.1. In this procedure, transfer a slice to the submersion chamber [1-MED-over the shoulder], place a screen on top of it to hold the slice down, and perfuse it at 1.5 ml per minute with oxygenated aCSF containing the selected receptor antagonist [2-MED-over the shoulder-TXT].  
4.1.1. [Shots 4.1.1, 4.1.2, 4.2.1 (?), 4.3.1, 4.3.2, 4.3.3, 4.4.1, 4.4.2, 4.4.3 combined] Talent transfers a slice to a submersion chamber. 
4.1.2. Talent sets the perfusion system to perfuse aCSF at 1.5 ml per minute. Text: See the accompanying manuscript for antagonists (Author Note: A screen is placed on top of the slice to hold it down in pick-up shot.)
4.2. Garcia-Rill:  A critical step when recording subthreshold oscillations is isolating the cell from synaptic inputs and action potential generation.  Therefore, it’s important to use synaptic blockers and TTX to ensure the currents being recorded are only from the recorded neuron [1-MED].
4.2.1. Interview style

4.3. After that, fill the recording patch pipette with intracellular high-potassium solution [1-MED-over the shoulder-TXT].  Insert the pipette in the headstage holder [2-CU].  Next, apply a small positive pressure using a 1 ml syringe connected to the pipette holder [3-MED].
4.3.1. Talent fills the recording patch pipette with intracellular high-potassium solution using patch-pipette filler with a solution filter. Text: See the accompanying manuscript for pipette information
4.3.2. CU the pipette as it is inserted in the headstage holder
4.3.3. *Film as written
4.4. Using a 4X objective together with the near-infrared differential interference contrast optics, locate the PPN nucleus, which is dorsal to the superior cerebellar peduncle [1-SCOPE].  Slowly lower the recording pipette to the PPN nucleus using a mechanical micromanipulator [2-SCOPE]. Then, position the recording pipette in the PPN pars compacta, which is located immediately dorsal to the posterior end of the peduncle [3-SCOPE].  
4.4.1. A SCOPE movie to show the searching of the PPN nucleus
4.4.2. A SCOPE movie to show the recording pipette being lowered to the PPN nucleus
4.4.3. A SCOPE movie to show that the recording pipette is positioned in the PPN pars compacta
4.5. Using a 40X water immersion lens, bring the recording pipette in contact with a PPN neuron [1-SCOPE], and rapidly apply negative suction to form a seal with the cell [2-SCOPE].  Use voltage-clamp seal software to monitor the pipette resistance during negative suction [3-SCREEN].  Then, slowly increase the negative pressure [4-SCREEN]. 
4.5.1. A SCOPE movie to show that the recording pipette is moving toward and reaches a PPN neuron
4.5.2. A SCOPE movie to show that a seal is formed
4.5.3. To be submitted by authors. A SCREEN movie to show the change of pipette resistance during negative suction 
4.5.4. To be submitted by authors. A SCREEN movie to show that the negative pressure is increased or the change of corresponding pipette resistance
4.6. When the resistance value of the pipette reaches 80-100 Mega Ohms, rapidly change the holding potential to -50 mV and release the negative pressure [1-SCREEN].  Apply negative pressure continuously until the cell membrane is ruptured and electrical access is achieved in the whole-cell configuration [2-SCREEN].

4.6.1. To be submitted by authors. A SCREEN movie to show the holding potential is changed to -50 mV when the resistance value of the pipette reaches 80-100 Mega Ohm
4.6.2. To be submitted by authors. A SCREEN movie to show that the cell membrane is ruptured and the electrical access is achieved in the whole-cell configuration
4.7. If the access resistance value measured by the voltage-clamp seal software is 10 Mega Ohms or higher [1-SCREEN], continue to apply slight negative pressure [2-MED-over the shoulder].  Compensate the capacitance and series resistance in voltage-clamp mode [3-SCREEN].  Then, switch the recording mode to current-clamp, and rapidly compensate the bridge value [4-SCREEN]. 

4.7.1. To be submitted by authors. A SCREEN movie to show that the access resistance value measured by the voltage-clamp seal software is 10 Mega Ohm or higher
4.7.2. Talent applies slight negative pressure

4.7.3. To be submitted by authors. A SCREEN movie to show the compensation of the capacitance and series resistance in voltage-clamp mode
4.7.4. To be submitted by authors. A SCREEN movie to show that current-clamp mode is used and bridge value is compensated by clicking on the automatic compensation menu
4.8. Continuously monitor the resting membrane potential of the PPN neuron being recorded [1-SCREEN].  If the resting membrane potential shifts towards depolarizing or hyperpolarizing values, apply a small amount of direct current to keep the optimal potential at -50 mV [2-SCREEN-TXT].  
4.8.1. To be submitted by authors. A SCREEN movie to show resting membrane potential of the PPN neuron during recording
4.8.2. To be submitted by authors. A SCREEN movie to show that a small amount of direct current is applied to keep the optimal potential at -50 mV. Text: Direct current < 100 pA
4.9. Garcia-Rill:  Another critical step is the use of current ramps instead of current steps to reach high thresholds, in which the ramps allow sufficient depolarization without activating potassium channels [1-MED].
4.9.1. Interview style
5. Results: Gamma band membrane oscillations in whole-cell recorded PPN neurons using current ramps of augmenting amplitude
5.1. Shown here are the representative membrane potentials responding to the depolarizing 2 s long square steps of increasing current, injected intracellularly through the recording pipette, in the presence of synaptic blockers and TTX [1-LM]. This figure shows a power spectrum of the membrane oscillations induced by the indicated current steps in three recordings [2-LM].  The frequencies induced were all low in power and low in frequency [3-LM].
5.1.1. JoVE54685_1A.tif: Show figure (appear from left to right: grey pluses first, then blue pulses, then red pulses)
5.1.2. JoVE54685_1A.tif, JoVE54685_1B.tif: Continue with 5.1.1, add Figure 1B 
5.1.3. JoVE54685_1A.tif, JoVE54685_1B.tif: Continue with 5.1.2, highlight the scales on the x- and y-axes    

5.2. This figure shows the current ramps of 200, 400, and 700 pA [1-LM] and the membrane responses [2-LM].  Note that the membrane is sufficiently depolarized to reach -30 mV, at which high threshold calcium channels begin to open, as in the blue recording [3-LM], and the -10 mV level at which their oscillation amplitude is maximal, as in the red recording [4-LM]. 
5.2.1. JoVE54685_2A.tif: Show the lower panel (the grey ramp, the blue ramp and the red ramp at the bottom)
5.2.2. JoVE54685_2A.tif: Show the upper panel (the grey pulse)
5.2.3. JoVE54685_2A.tif: Show the upper panel (the blue pulse)

5.2.4. JoVE54685_2A.tif: Show the upper panel (the red pulse)

5.3. This graph shows a power spectrum of the membrane oscillations induced by the current ramps in the corresponding three recordings [1-LM].  The frequencies induced by the 400 pA ramp were in the beta range [2-LM], and by the 700 pA ramp were in the gamma range [3-LM].

5.3.1. JoVE54685_2B.tif: Show the graph
5.3.2. JoVE54685_2B.tif: Add an arrow pointing at the peak of the blue curve (around 25Hz)
5.3.3. JoVE54685_2B.tif: Add an arrow pointing at the peak of the red curve (around 35Hz)
5.4. This animation shows depolarization of the cell body by ramps, which are needed to reach     -30 mV to -10 mV, emphasized by the graph on the left.  However, the high currents are needed to depolarize the high resistance dendrites where the channels are located.  Thus the membrane potential at the dendrites is much closer to physiological levels [LM].

5.4.1. Oscillation animation.mov

6. Conclusion (said by authors on camera)

6.1. Stasia: Once mastered, this technique can be done in one hour if it is performed properly.
6.2. Garcia-Rill Stasia: While attempting this procedure, it’s important to remember to make sure the patch seal is appropriate, and the capacity compensation and series resistance are monitored.

6.3. Garcia-Rill Stasia: Following this procedure, channel blockers such as agatoxin can be used to identify P/Q-type calcium channels, and conotoxin can be used to identify N-type calcium channels.
6.4. Garcia-Rill: After its development, this technique paved the way for researchers in the field of arousal to explore the role of high threshold calcium channels in generating intrinsic membrane oscillations.  
6.5. Garcia-Rill: After watching this video, you should have a good understanding of how to record intrinsic membrane oscillations generated by high threshold calcium channels using ramps instead of steps to avoid potassium channel hyperpolarization.
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.  

Insert your media filenames here.

Optional animation:  We can provide the attached file (Oscillation animation.mov) with the following script-
Garcia-Rill:  This animation shows how depolarization of the cell body by ramps need to reach -30 mV to -10 mV at the cell body as shown by the graph on the left.  However, the high currents are needed to depolarize the high resistance dendrites where the channels are located.  Thus the membrane potential at the dendrites is much closer to physiological levels.
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.

( 2013, Journal of Visualized Experiments


