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 A. Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_NO_____ (If you can record images/videos using your own camera/software, then mark No) 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)__Yes___ 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 number. 2.1-2.4, 2.5-2.8, 3, 4, 5 

D. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list the step by its protocol number.___2 and 3 respectively__ 

E. Will the filming need to take place in multiple locations? (Y/N) __NO___ If yes, how far apart are the locations? ________________
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 detect and analyze ion dynamics in the extracellular space of brain tissue. (Intro)
Measurement of ion transients is accomplished by using ion-selective microelectrodes, which can be prepared based on double-barreled or concentric design.  (P1) 
LAB MEDIA: 53058 Labmedia 1.0Calibration.ai.  Animation:  Show the top cartoon (microelectrode and amplifier). Attention, Typo in original file “elektrode” must read “electrode”, sorry
As a first step, the microelectrodes are calibrated in the experimental bath. (P2) 
LAB MEDIA: 53058 Labmedia 1.0Calibration.ai.  Animation:  Show the middle image (the recording chamber), then add the bottom purple trace. , Typo in original file “elektrode” must read “electrode”
Then, the electrodes are inserted into the acute mouse hippocampal slices for recording. (P3) 
LAB MEDIA: 53058 Labmedia 1.1Neurone.ai.  Animation: Show the blue neuron (labeled “Postsynaptic Neuron”), then add the microelectrode (connected to amplifier on the right) and move the microelectrode to the neuron. Do not show “Glu” circles. , Typo in original file “elektrode” must read “electrode”
To evoke extracellular ion shifts, the transmitter glutamate or a glutamate agonist is applied. (P4) 
LAB MEDIA: 53058 Labmedia 1.1Neurone.ai.  Animation: Continue P3, show the pipette on the left (with 3 “Glu” circles), then show other “Glu” circles around the neuron.

Glutamate binds and opens ionotropic receptors at postsynaptic spines which causes the removal of the magnesium block and allows the influx of sodium into, and the efflux of potassium out of, the cells. (P5)  

LAB MEDIA: 53058 Labmedia 1.2Synapse.ai. Animation:  First show both Presynaptic Terminal and Postsynaptic Terminal without the “Glu” circles. Then add the “Glu” circles. Next, add the two curved arrows and text “K+” and “Na+”.
Ultimately, this results in a decrease in extracellular sodium as well as an increase in extracellular potassium that are detected by the ion-selective microelectrodes. (P6)  

LAB MEDIA: 53058 Labmedia 1.2Synapse.ai. Animation:  Show the traces as indicated below.
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or PowerPoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
53058 Labmedia 1Storyboard1.ai , 53058 Labmedia 1Storyboard2.ai, 53058 Labmedia 1.0-1.2
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P5 Attention here two steps are omitted please include the loss of the Mg-block upon binding of Glu (storyboard2)---description added to P5
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Christine Rose:  This method is employed to study extracellular ion regulation and activity-induced ion transients in the brain. take 4
1.2. Nicole Haack:  Here, we describe the preparation and calibration of two types of ion-selective microelectrodes.  We show how they can be employed in acute brain tissue slices to measure changes in extracellular potassium or sodium in response to the application of neurotransmitters. take 4
1.3. Christine Rose:  The procedure will be demonstrated by Nicole Haack and Simone Durry from my lab. take 3
1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Simone Durry take 2
Nicole Haack take 1
Protocol (read by voice talent at JoVE):

2. Preparation of double-barreled ion-selective microelectrodes
2.1. To begin this procedure, prepare a borosilicate glass capillary with filament to be used for the ion-sensitive barrel [2.1.1 MED-over the shoulder-TXT], and another one for the later reference barrel [2.1.2 MED-over the shoulder-TXT].  
2.1.1. Talent picking up/ showing the first glass capillary, TEXT: length: 7.5 cm; outer diameter: 1.5 mm take 1
2.1.2. Talent picking up/ showing the second glass capillary, TEXT: length: 6.5 cm; outer diameter: 1.0 mm  take 2
2.2. Next, use two-component glue or a small strip of aluminum foil to fix the long and short capillary together at both ends [2.2.1-CU].  Heat the double-capillary in a furnace at 60 °C for one hour to remove residual moisture [2.2.2-CU].  Afterward, store the electrodes in a desiccator until use [2.2.3-MED].
2.2.1. *Film as written take 2
2.2.2. CU the double-capillary as it is placed in a furnace  take 1
2.2.3. Talent places the electrodes in a desiccator. take 1
2.3. Center the double-capillary in a vertical puller with a revolvable chuck [2.3.1-MED-over the shoulder].  Use a chock to prevent elongation of the capillary [2.3.2 take 2-CU].  Heat the coil gently until the glass is soft enough to allow a horizontal rotation of the revolvable chuck by 180° [2.3.2 take 4-CU].
2.3.1. *Film as written take 1
2.3.2. *Film as written take 2 and take 4
2.4. After cooling, remove the mechanical break [2.4.1-MED-over the shoulder].  Apply a second heating protocol to pull the capillary, resulting in two sharp, double-barreled capillaries [2.4.2-MED-over the shoulder].  The tip diameter of the double-capillary should be close to 1 µm [2.4.3-CU].
2.4.1. *Film as written take 1
2.4.2. *Film as written take 2 
2.4.3. CU the tip of the double-capillary take 1
2.5. Now, fill the reference barrel up to its tip with distilled water to prevent silanization in the following procedure [2.5.1-LM].  Place a double-barreled capillary with its tip up onto a custom-made holder [2.5.2-CU].  Then, place this holder onto the wide mouth bottle containing the pre-warmed HMDS and incubate for 70 min [2.5.3-CU-TXT].
2.5.1. 53058 Labmedia 2.5.1_Water pre-fill
2.5.2. *Film as written take 2
2.5.3. *Film as written, TEXT: HMDS: hexamethyldisilazane take 1
2.6. After that, transfer the capillary to a metal stand [2.6.1-MED].  Subsequently, place it in the preheated furnace for two hours to dry both barrels [2.6.2-MED].  After silanization, keep the capillary dry in the desiccator until use [2.6.3-CU].
2.6.1. *Film as written  take 1
2.6.2. *Film as written take 1
2.6.3. CU the capillary as it is placed in the desiccator take 1
2.7. On the day of the experiment, prepare the ion-selective electrode by filling the tip of the silanized barrel with 2-3 µl of the ion-selective sensor [2.7.1-LM].  Then, backfill the barrel with 100 mM NaCl for a sodium-sensitive microelectrode or 100 mM KCl saline for a potassium-sensitive microelectrode [2.7.2-MED-over the shoulder].  Be careful not to insert additional air bubbles during this procedure [2.7.3-LM]. 
2.7.1. 53058 Labmedia 2.8.1_sensor
2.7.2. *Film as written take 1
2.7.3. 53058 Labmedia 2.8.2 Backfill
2.8. If the silanization is successful and the sensor is filled properly, the sensor surface should appear as a clearly visible concave surface against the backfill [2.8.1-LM].  Next fill the reference channel [2.8.2-LM]. Then, insert the chlorinated silver wires into both barrels [2.8.3-CU] and seal each barrel with dental wax [2.8.4-CU].
2.8.1. 53058 Labmedia 2.8.2 Backfill
2.8.2. 53058 Labmedia 2.8.3_ Ref (Video Editor- video is far too long for VO. Perhaps show the beginning as it is filmed, then the end as the electrode is completely filled.)
2.8.3. *Film as written  take 1
2.8.4. [combined with 2.8.3] *Film as written  
3. Preparation of concentric ion-selective microelectrodes 

3.1. In this procedure, pull a 2 mm capillary in the horizontal puller to result in a short taper and a tip diameter of 4 µm [3.1.1-MED-over the shoulder].  Right before use, fill the silanized capillary with 0.2 µl of sensor [3.1.2-CU]. 
3.1.1. Talent places the capillary in the puller take 2
3.1.2. *Film as written plus 53058 Labmedia 3.1.1_sensor
3.2. To prepare the inner capillary, pull a small diameter capillary to result in 2 capillaries with long tapers and sharp tips [3.2.1-MED-over the shoulder].  Then, fill them with 100 mM NaCl or 100 mM KCl saline [3.2.2-LM]. 
3.2.1. *Film as written take1
3.2.2.  53058 Labmedia 3.2.1_Backfill (Authors, please add some text to better describe this action. The video is too long for the provided voiceover.)
3.3. Place the sensor-filled and the saline-filled capillaries directly in line with each other onto a modeling clay-coated coverslip [3.3.2.-MED].  Insert the smaller capillary partially into the larger capillary [3.3.1-LM]. Next, fix the capillaries onto another coverslip using modeling clay [3.3.3-CU].  
3.3.1.  53058 Labmedia 3.3.1 _backfill_in_sensor EDITOR: Rotate film 180°
3.3.2. *Film as written take 1
3.3.3.  Filmed as written take 2
3.4. Transfer the capillaries to the stage of a microscope and visualize them using 100x magnification [3.4.1-MED].  With the help of a glass rod that is mounted on a micromanipulator [3.4.2. take 1], slowly advance the outer capillary over the inner capillary until the distance between their tips is roughly 5 µm [3.4.2-CU].  Fix the open end of the outer capillary onto the inner capillary using dental wax [3.4.3 CU] and insert silver wire [3.4.4-CU].
3.4.1. *Film as written take 2
3.4.2. *Film as written  hard to show take 1 and take 9
3.4.3. *Film as written take 1
3.4.4. Added, Filmed as written 3.4.4. take 2
3.5. To prepare the reference electrode, pull a capillary with filament in a vertical puller [3.5.1-MED-over the shoulder].  Discard the upper pipette [3.5.2-MED-over the shoulder].  Then, open the lower chuck and lift the lower pipette by about 5 mm [3.5.3-CU]. 
3.5.1. *Film as written, TEXT: long: 7.5 cm; outer diameter: 1.5 mm take1
3.5.2. *Film as written take 2
3.5.3. *Film as written take 1
3.6. Close the chuck again and lift it until the tip of the lower electrode is positioned about 5 mm above the heating coil [3.6.1-CU].  Subsequently, heat the coil and use forceps to bend the tip by about 45° to the side [3.6.2-CU].  Bend it again by about -45° to direct the tip back in parallel to the main shaft [3.6.3-CU]. 
3.6.1. *Film as written 3.6.1 to 3.6.3 combined in take 3
3.6.2. *Film as written
3.6.3. *Film as written
3.7. Then, fill the reference barrel with HEPES-buffered saline [3.7.1-MED-over the shoulder].  Insert a chlorinated silver wire in it and seal the barrel with dental wax [3.7.2-MED-over the shoulder].
3.7.1. *Film as written take1
3.7.2. *Film as written take1
4. Calibration of ion-selective and concentric ion-selective microelectrodes
4.1. In this step, attach both the ion-sensitive and the reference electrode to micromanipulators and lower them into an ACSF-perfused experimental chamber under the stereo microscope [4.1.1-MED-over the shoulder]. [4.1.2-CU].
4.1.1. Talent lowers the electrodes into the ACSF-perfused chamber under the microscope take 3 and 4
4.1.2. Film as written
4.2. Connect the chlorinated silver wires to the respective inputs of the head stage of the differential amplifier [4.2.1-MED-over the shoulder].  Then, determine the electrode resistances [4.2.2-MED-over the shoulder].
4.2.1. *Film as written 4.2.1 take 1
4.2.2. Talent pulling a lever at the amplifier and reading the resistance on a display. take 1 and 2
4.3. After that, adjust the voltage signals to zero and start recording [4.3.1-MED-over the shoulder].  For calibration, after obtaining a stable baseline, switch to the salines containing defined concentrations of the ion to be measured [4.3.2-MED-over the shoulder].
4.3.1. Talent adjusts the voltage signals to zero on the amplifier take 1
4.3.2. Talent watching the stable baseline on the computer monitor take 1
5. Electrophysiology experiments
5.1. Now, transfer a 250 µm thick hippocampus slice into the experimental chamber [5.1.1-MED] and fix it with a grid [5.1.2-CU].  Lower the calibrated ion-selective microelectrode onto the slice surface [5.1.3-LM].  Then, further lower the electrode for about 50 µm into the stratum radiatum of the CA1 region [5.1.4-LM].
5.1.1. *Film as written: the movies submitted by the authors do not coincide with the voiceover in 5.1.1 & 5.1.2, so try to obtain shots of these steps. take 2
5.1.2. *Film as written take 1
5.1.3. 53058 Labmedia 5.3.2_twis_bath
5.1.4. 53058 Labmedia 5.3.2_twis_bath
5.2. To apply transmitter agonist, fill the application pipette with 0.5 mM glutamate [5.2.1-MED-over the shoulder].  Attach the pipette to a micromanipulator and couple it to a pressure application device [5.2.2-MED-over the shoulder]. 
5.2.1. *Film as written take 2
5.2.2. *Film as written slated as take 1
5.3. Next, lower the application pipette into the tissue and carefully place it in the proximity of the tip of the ion-selective microelectrode [5.3.1-CU-TXT].  Start the pressure application at 40 millibars for 10 seconds [5.3.2-MED-over the shoulder] and record the voltage changes as monitored by the ion-selective microelectrode [5.3.3-SCREEN].
5.3.1. *Film as written, TEXT: pipette placed within ~20-40 µm of the microelectrode tip Filmable? Take a close up shot of the tip of the electrodes  Attention: 5.3.1 take 2 followed by 53058 Labmedia conc bath
5.3.2. *Film as written take 1
5.3.3. A screen movie to show the voltage changes (to be provided by the authors)
6. Results:  Calibration of sodium-selective microelectrodes and comparison of double-barreled electrode with concentric electrode


6.1. Shown here is the change in voltage of the reference barrels of a double-barreled electrode [6.1.1-LM] and a concentric electrode in response to changes in the bath Na+ concentration [6.1.2-LM].  And these are the changes in the voltage of the Na+-potential of a double-barreled electrode [6.1.3-LM] and a concentric electrode in response to changes in the bath Na+ concentration [6.1.4-LM]. 
6.1.1. 53058 Figure 6A.ai: In the upper panel, show black dotted trace
6.1.2. 53058 Figure 6A.ai: In the upper panel, show gray (red) trace 
Video editor, as authors requested, please change the color of the gray trace to red
6.1.3. 53058 Figure 6A.ai: In the lower panel, show black trace
6.1.4. 53058 Figure 6A.ai: In the lower panel, show gray trace
Video editor, as authors requested, please change the color of the gray trace to red
6.2. This figure shows the half-logarithmic plot of the bath Na+ concentration versus the voltage of the Na+-potential of both electrodes [6.2.1-LM].  The linear plots reveal a slope of about 48 mV for both electrodes [6.2.2-LM]. 
6.2.1. 53058 Figure 6B.ai: Show the graph
6.2.2. 53058 Figure 6B.ai: Add text “Slope: 47.9” above the line 

6.3. Here is the response of the voltage of the Na+-potential of a double-barreled [6.3.1-LM] and a concentric electrode to a fast change in the bath Na+ concentration from 152 mM to 70 mM [6.3.2-LM].  Note that the response time of the concentric electrode is significantly faster [6.3.3-LM]. 

6.3.1. 53058 Figure 6C.ai: Show black trace, texts “double-barreled” and “fast bath perfusion”, and all the numbers

6.3.2.  53058 Figure 6C.ai: Show gray trace and text “concentric” 
Video editor, as authors requested, please change the color of the gray trace to red
6.3.3. 53058 Figure 6C.ai: Add an arrow pointing at the outward corner (upper right) of the gray trace to indicate faster response time

6.4. This figure shows the extracellular sodium transients as detected by double-barreled [6.4.1-LM] and concentric electrodes [6.4.2-LM].  Transient changes in the voltage of reference barrels and the extracellular Na+ concentration were induced by bath perfusion with 10 mM aspartate for 120 seconds as indicated by the bar [6.4.3-LM]. 
6.4.1. 53058 Figure 8A.ai: Show the upper panel (labeled “double-barreled”)
6.4.2. 53058 Figure 8A.ai: Show the lower panel (labeled “concentric”)
6.4.3. 53058 Figure 8A.ai: Add bars with text “asp” in both upper and lower panels
6.5. And in this figure [6.5.1-LM], transient changes in the voltage of reference barrels and extracellular sodium concentration were induced by local pressure application with 10 mM glutamate for 0.2 seconds [6.5.2-LM]. Note that the response time of the concentric electrode is significantly faster under this condition [6.5.3-LM]. 
6.5.1. 53058 Figure 8B.ai: Show the figure
6.5.2. 53058 Figure 8B.ai: Add the arrowheads and text “glu” in both upper and lower panels
6.5.3. 53058 Figure 8B.ai: Add red dotted lines in both upper and lower panels
7. Conclusion (said by authors on camera)

7.1. Karl Kafitz or Mitchell Chesler:  While attempting this procedure, it’s important to keep in mind that proper silanization is the key step in the production of ion-selective microelectrodes.  Karl Kafitz take 4, Note: 7.1 will be filmed later and sent because Mitchell Chesler is located in New York and in case the quality of that extra shot is not good, editor can use the take from Karl
7.2. Christine Rose:  After watching this video, you should have a good understanding of how to prepare and use these electrodes for the detection of extracellular ion transients in brain tissue. take 3
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.
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53058 Labmedia 1.0Calibration

53058 Labmedia 1.1Neurone

53058 Labmedia 1.2Synapse

53058 Labmedia 1Storyboard1

53058 Labmedia 1Storyboard2

53058 Labmedia 2.5.1_Water pre-fill

53058 Labmedia 2.8.1_sensor

53058 Labmedia 2.8.2 Backfill

53058 Labmedia 2.8.3_ Ref

53058 Labmedia 3.1.1_sensor

53058 Labmedia 3.2.1_Backfill

53058 Labmedia 5.3.1_twis_bath

53058 Labmedia 5.3.2_conc_bath

53058Labmedia 3.3.1 _backfill_in_sensor
5.3.3SCREEN
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.

( 2013, Journal of Visualized Experiments


