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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)____N_____  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _________Olympus FV1200 ____________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____Y____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _______1.1.5, 1.2.2, 1.2.3, 1.2.4, 2.2.1____________________________________
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 using the step numbers listed in this document. (Please do not list entire sections.) _______Filling the tip of the electrode with K+ ionophore without breaking it, I use a pipette tip to very carefully move the oil into the tip – step 1.2.4_____________

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

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 technique is to make, calibrate and use monopolar potassium ion-selective microelectrodes. Using such electrodes enables the quantitative assesment of evoked potassium ion concentration dynamics in adult brain slices. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. J.Christopher Octeau: This method can help answer key questions in physiology, such as identifying the cellular and molecular mechanisms for potassium ion dynamics in the central nervous system [1-MED]. 
1.1.1. Named author states the above, looking slightly off camera, interview style

1.2. J.Christopher Octeau: The main advantage of this technique is that in addition to being an easy and straightforward method of fabrication, microelectrode sensors represent the gold standard for the measurement of potassium ion concentrations [1-MED].  
1.2.1. Named author states the above, looking slightly off camera, interview style 

Protocol: (read by voice talent at JoVE)
2. Preparation of Potassium Ion-selective Microelectrodes
2.1. To prepare the borosilicate glass capillaries for silanization (pronounced: SILL-ah-nuh-zay-shun), place them in a 50 mL conical tube [1-MED]. Fill the conical tube with 1 Molar HCl [2-CU] and incubate the glass capillaries in HCl with gentle agitation overnight or for a minimum of 6 hours [3-CU-TXT]. 

2.1.1. *Film as written

2.1.2. CU the conical tube as it is filled with HCl
2.1.3. CU the conical tube as it is under gentle agitation. Text: Overnight or a minimum of 6 h
2.2. Afterward, briefly rinse the capillaries with 70% ethanol [1-MED-over the shoulder] and then dry them completely at 100-120 °C for 6-8 hours [2-CU-TXT]. Store the washed capillaries in containers with anhydrous (pronounced: an-HIGH-druss) calcium sulfate desiccant for up to 4 weeks before further use [3-MED-over the shoulder]. 

2.2.1. *Film as written
2.2.2. CU the capillaries as they are placed in the oven. Text: 100-120 °C, 6-8 h
2.2.3. Talent places the washed capillaries in containers with anhydrous calcium sulfate desiccant (Videographer Comment: do not use tk1 or tk2)
2.3. Prior to silanization, pull the capillaries to a fine tip using a microelectrode puller [1-MED-over the shoulder]. Then, place the microelectrodes in a glass container using autoclavable tape so that the electrodes are elevated from the bottom to prevent tip breakage [2-CU].
2.3.1. Talent places a capillary in the pipette puller 
2.3.2. CU a glass container as the microelectrodes are placed in it using autoclavable tape or similar adhesive tape so that the electrodes are elevated from the bottom
2.4. Next, remove approximately 0.5 mL of 5% DDS silanization solution from its container using the nitrogen replacement method [1-LM-TXT]. Fill a balloon with nitrogen gas [2-MED] and attach a syringe or tube and needle to the balloon [3-MED]. Then, insert the needle into the DDS container while drawing up DDS into a separate syringe via a longer needle [4-CU]. 

2.4.1. 57511fig2large.jpg: Show figure 2. Text: DDS: dichlorodimethylsilane 
2.4.2. *Film as written
2.4.3. *Film as written (Author Comment: This step may have been filmed combined with 2.4.4)
2.4.4. *Film as written
2.5. Subsequently, apply the silanization solution dropwise to the tips of the pipettes and immediately cover the container [1-CU]. Place the container holding the microelectrodes with silanization solution in a pre-warmed laboratory oven at 170-180 °C for 10-12 hours or at 200-220 °C for 30 minutes [2-MED-over the shoulder-TXT].
2.5.1. *Film as written. 
2.5.2. Talent places the container with microelectrodes in the oven. Text: 170-180 °C for 10-12 h or 200-220 °C for 30 min
2.6. After incubation, remove the plate from the oven [1-MED]. Place the plate on a bench at room temperature for 10-15 minutes to allow the glassware to cool [2-CU]. Remove the microelectrodes from the plate and place them into a desiccant filled airtight container. Silanized microelectrodes kept free of moisture can be used for up to 1 week following silanization [3-MED-over the shoulder].
2.6.1. Talent takes the plate out from  the oven
2.6.2. CU the plate as it is placed on a bench
2.6.3. Talent removes the microelectrodes from the plate and places them into a desiccant filled airtight container
2.7. To prime the electrodes, prepare a stock solution of potassium ionophore (pronounced: ION-oh-four) cocktail and keep it in an airtight, opaque container at room temperature. [1-CU-TXT]. Next, prepare a stock solution of 10 mM HEPES (pronounced: “heaps”) buffered 300 mM sodium chloride at pH 7.4 [2-CU]. 
2.7.1. CU an opaque container labeled “K+ ionophore cocktail stock” as it is placed on the bench or shelf. Text: See the accompanying manuscript for cocktail’s compositions (Author Comment: The stock was labeled as “K+ iono” as the full title would not fit on the small bottle.)
2.7.2. CU the HEPES stock with label
2.8. Fix the electrode in a clamp [1-MED-over the shoulder]. Subsequently, using a blunt instrument, break the tip of the electrode to approximately 10-20 µm wide [2.9.1-SCOPE].
2.8.1. *Film as written
2.9.1.  Show that the tip of the electrode is broken

(Editor: I split 2.8 because – after moving 2.9.1 up as requested by the authors – the sound bite was too long. I attempted to split it in a way that wouldn’t affect the shot list numbering too much)
2.8a. Then, backfill the electrode with the HEPES buffered sodium chloride using a 28 Guage microfil tip connected to a syringe [2-SCOPE]. Observe that the saline solution has reached the end of the microelectrode tip and make sure that the microelectrode is free of large bubbles that could interfere with the flow of current [3-SCOPE]. 
2.8.2. Show that the electrode is backfilled with NaCl [Shots 2.8.2 and 2.8.3 combined] (Videographer Comment: becomes 2.8.3, dnu tk1) (Editor: I’m not sure how/why this was changed to 2.8.3 if these shots were combined and then reordered. Hopefully the footage will make this more clear)
2.8.3. Show that the saline solution reaches the tip of the microelectrode
2.9. [1-SCOPE]. Using a micropipette, apply a small droplet of the potassium ionophore near the tip of the microelectrode [2-SCOPE].
2.9.1. Show that the tip of the electrode is broken (Move above 2.8.2)
2.9.2. Show that a small droplet of the potassium ionophore is applied near the tip of the microelectrode (Editor: The authors and videographer suggested that 2.9.2 and 2.10.2 were combined in some way – I’m not sure how, but hopefully the footage will clarify)
2.10. [1-SCOPE]. If the electrode has been properly silanized (pronounced: SILL-ah-nigh-zz-ed), the droplet will be absorbed into the broken tip [2-SCOPE]. Fill the electrode to approximately 1 mm with the potassium ionophore and remove excess using tissue paper [3-SCOPE].
2.10.1. Show that the oily droplet is moved to the tip of the electrode
2.10.2. Show that the droplet is absorbed into the broken tip (Author Comment: dns, use 2.9.1, ap)
2.10.3. Show that the electrode is filled to 1-2 mm with the potassium ionophore and excess is removed
3. Calibration of Potassium Ion-selective Microelectrodes 

3.1. To calibrate the microelectrodes, bubble all calibration and slice buffer solutions with 95% oxygen, 5% carbon dioxide for at least 20 minutes before beginning the experiment [1-MED-TXT]. Begin perfusing the bath with 4.5 mM potassium ion containing ACSF at a rate of 3 mL per minute [2-CU-TXT]. Place the potassium ion-selective electrode into the electrode holder attached to the electrode headstage on the manipulator [3-MED-over the shoulder]. Then, insert the tip of the electrode into the bath perfusate [4-CU]. 

3.1.1. Talent places the bubbling tubes in the solutions. Text: At least 20 min 
3.1.2. CU the bath as it is being perfused with ACSF. Text: 3 mL/ min
3.1.3. *Film as written
3.1.4. CU the electrode as its tip is inserted into the bath perfusate

3.2. Ensure the silver/silver chloride ground electrode is bathed in the same solution and the flow is steady [1-CU]. Apply calibration solutions in a stepwise fashion and record the potential changes in mV across the electrode tip [2-MED-over the shoulder]. Wait for the potential at the electrode tip to reach a stable value before switching to the next solution [3-SCREEN]
3.2.1. CU the silver/silver chloride ground electrode in the solution
3.2.2. Talent applies the calibration solution via peristaltic pump to the bath.
3.2.3. *To be submitted by authors. Show the display of a trace recording on the computer  for the tip potential (Author Comment: We filmed several seconds of the stable tip potential on the screen.)
3.3. Then, measure the steady state voltage change in response to the application of the calibration solutions to the electrode tip [1-SCREEN-TXT]. Confirm that the slope of the electrode voltage response is at least 52 and no greater than 59 mV per ten-fold change in potassium concentration [2-LM].
3.3.1. *To be submitted by authors. Show the trace with voltage changes. Text: Electrode response slope = 52-59 mV / log [K+]”. (Author Comment: We shot a bit of the voltage trace changing on the screen.)
3.3.2. 57511fig3large.jpg: Show Figure 3C
4. Acute Slice Preparation
4.1. To prepare hippocampal slices, make a 2-3 cm incision from the caudal portion of the skull to cut the scalp along the midline [1-MED-over the shoulder]. While manually retracting the scalp, make two 1 cm horizontal incisions from the foramen magnum along the sides of the skull [2-CU]. Then, using fine shears, make an incision along the midline from the back of the skull to the nose [3-CU].

4.1.1. *Film as written (Videographer Comment: tk1 is misslated, should be 4.1.3 tk1)
4.1.2. CU the head as two 1 cm horizontal incisions are made from the foramen magnum along the sides of the skull while retracting the scalp
4.1.3. CU the head as an incision is made along the midline from the back of the skull to the nose
4.2. Next, insert fine forceps near the midline and retract the incised skull in two portions [1-CU]. Extract the mouse brain from the skull [4.2.2] and use a blade to remove the cerebellum, prefrontal cortex and olfactory bulbs, which are respectively located at the caudal and rostral portions of the brain [2-CU] [4.2.3]. 

4.2.1. *Film as written
4.2.2. [Added Shot]: extract the mouse brain into buffer (Editor: The videographer reslated their shots to match this new numbering.)
4.2.3. CU the brain as the cerebellum and prefrontal cortex/olfactory bulbs are removed
4.3. Then, mount the brain block onto the vibratome tray using super glue [1-MED-over the shoulder]. Fill the vibratome tray with ice cold cutting solution [2-MED-over the shoulder]. Afterward, cut tissue sections on the coronal plane at 300 μm thickness. Usually 4 – 6 coronal hippocampal slices can be collected [3-CU].
4.3.1. *Film as written
4.3.2. *Film as written (Author Comment: The bottle was labeled “slicing buffer”)
4.3.3. CU the brain tissue as it is being sectioned
4.4. After each section is cut, immediately transfer the slice to the slice holding beaker warmed to 32-34°C [1-MED-over the shoulder]. Keep the sections at this temperature for 20 minutes before transferring the beaker with the sections [2-CU-TXT] to room temperature for at least 20-30 minutes prior to recording [3-MED-over the shoulder].
4.4.1. Talent transferring the brain slice to the holding beaker
4.4.2. CU the beaker with a few sections being incubated. TEXT: 20 min, 32-34°C
4.4.3. Talent transfers the beaker with slices to room temperature. Text: At least 20-30 min, RT 
5. Measurement of Electrically Evoked K+ Release 

5.1. To measure the potassium ion release, gently place the brain slice in the bath using a Pasteur pipette [1-MED-over the shoulder] and gently hold it in place with a platinum harp with nylon strings [2-CU]. 

5.1.1. *Film as written
5.1.2. *Film as written

5.2. Ensure the tips of the bipolar stimulating electrode are approximately parallel to one another and are level with the plane of the slice [1-SCOPE]. Over the course of 5-7 seconds, slowly insert the electrodes into CA3 stratum radiatum approximately 40-50 μm deep to stimulate Schaffer collaterals [2-SCOPE]. 

5.2.1. Show the tips of the stimulating electrodes and that they are leveled with the plane of the slice
5.2.2. Show that the two electrodes are inserted into CA3 stratum radiatum approximately 40-50 μm deep to stimulate Schaffer collaterals. 
5.3. Then, carefully insert the potassium ion-selective electrode into CA1 stratum radiatum to approximately 50 μm deep, by slowly lowering the electrode over approximately 3-4 seconds [1-SCOPE]. Allow the potential to stabilize across the electrode before applying stimulations to the slice, which usually takes 5 to 10 minutes [2-SCREEN-TXT]. If the slice exhibits excessive spontaneous changes in extracellular potassium ion concentrations, discard and repeat this process with a new slice [3-MED].

5.3.1. Show that the potassium ion-selective electrode is inserted into CA1 stratum radiatum
5.3.2. *To be submitted by authors. Show that the potential is stabilized. Text: 5-10 min (Author Comment: This shot was filmed on the screen by Brandon)
5.3.3. Talent replacing with a new slice in the chamber
5.4. To measure evoked potassium ion release, apply trains of electrical stimulation via the stimulus isolator while digitally recording responses [1-MED-TXT]. Apply stimulation at 10 Hz and 1 ms per pulse, starting at 10 μA stimulus amplitude [2-SCREEN-TXT]. 

5.4.1. Talent depresses the trigger to apply applies stimulations. Text: 8 pulses (Author Comment: These stimulations was delivered by automatic timing via software, our previous instrument had a manual trigger. You can write/say “Talent applies stimulations”)
5.4.2. *To be submitted by authors. Show the application of stimulation at 10 Hz and 1 ms per pulse. Text: 10 Hz, 1 ms pulse width (Author Comment: This shot was filmed)
5.5. Apply increasing stimulation amplitudes by a factor of 2 until a maximum potassium response amplitude is detected [1-SCREEN]. If no response is observed, move the position of the potassium ion-selective electrode closer to the stimulation site in 100 µm in increments [2-SCOPE]
5.5.1. *To be submitted by authors. Show that increasing stimulation amplitudes by a factor of 2 is applied and a maximum potassium response amplitude is detected (Author Comment: This shot was filmed)
5.5.2. Show that the potassium ion-selective electrode is moved closer to the stimulation site
5.6. To confirm that potassium ion concentration changes are mediated by action potential firing of the electrically activated Schaffer collaterals then bath apply 0.5 μM TTX in ACSF for 10 minutes and repeat the stimulation protocol [1-MED-TXT]. No evoked responses should be observed [2-SCREEN]. (Not sure what this means – is “bath application” a method? Recorded without the “then”)
5.6.1. Talent applies TTX in ACSF. Text: TTX: Tetrodotoxin
5.6.2. *To be submitted by authors. Show that no evoked responses are observed upon stimulations.  (Author Comment: This shot was filmed)
6. Results: Calibration of Microelectrodes and Measurement of Electrically Evoked K+ Release 
6.1. After priming the electrodes with the backfilled HEPES (pronounced: heaps) buffered saline solution and the potassium ionophore, the electrodes can be tested for their rapid response to stepwise changes in bath potassium ion concentrations [1-LM] and for the linear response to bath potassium ion changes over the 0.1 to 100 mM calibration range in a manner predicted by the Nernst equation [2-LM].
6.1.1. 57511fig3large.jpg: Show Figure 3A
6.1.2. 57511fig3large.jpg: Show Figure 3B
6.2. The steady state potential can be plotted against the bath potassium ion concentration in order to determine the slope of the line, which should be approximately 58.2 mV per ten-fold change in potassium ion concentration, and no less than 52 mV per ten-fold change in potassium ion concentration [1-LM].
6.2.1. 57511fig3large.jpg: Show Figure 3C

6.3. The responsiveness of the potassium selective electrodes was further tested and the response to a 5.5 mM increase in potassium was observed with rise and decay time constants of approximately 85 ms [1-LM].
6.3.1. 57511fig3large.jpg: Show Figure 3D, E
6.4. Once the stimulating and potassium ion selective electrodes have been placed into the tissue and the recording has reached a stable baseline, then pulses of increasing current amplitude can be applied [1-LM]. The waveform of this activity appears as a rapid increase in potassium with an exponential decay rate, which is abolished with TTX application [2-LM].
6.4.1. 57511fig5large.jpg: Show top panel
6.4.2. 57511fig5large.jpg: Add bottom panel

7. Conclusion (said by authors on camera)

7.1. J. Christopher Octeau: Once mastered, this technique can be done in approximately 3-4 hours if it is performed with care and accuracy [1-MED].
7.1.1. Named author states the above, looking slightly off camera, interview style

7.2. J. Christopher Octeau: While attempting this procedure, it’s important to remember to keep the electrode tip as small as possible to enable accurate recordings, but large enough to permit low noise [1-MED].
7.2.1. Named author states the above, looking slightly off camera, interview style
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.

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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