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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? 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. Please upload all screen captured files to your project page. I will prepare all screen captured files.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.7., 3.3., 3.5., 4.1.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.7.2.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.


Kazuhiko Yamaguchi: When a particular protein function is modified by gene-manipulation, a coordination of LTD-failure and motor learning-impairment is considered a necessary condition for a causal relationship between LTD and motor learning [1].   Videographer comment: 2 takes shot 2nd take after 7.2.1 turned off fridge for 2nd take.


INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Kazuhiko Yamaguchi: Here we demonstrate the use of multiple protocols to assess LTD, which can be induced via compensatory mechanisms in gene-manipulated animals [1]. Videographer comment: 3 takes


INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

[bookmark: _GoBack]Procedures involving animal subjects have been approved by the RKIEN and NCNP committees on the care and use of animals in experiments.

	


Section - Protocol
Brain Dissection and Trimming
Before harvesting the brain, chill and oxygenate two 50-milliliter beakers of ACSF (A-C-S-F) on ice [1-TXT]. When the solution temperature reaches below 4 degrees Celsius, add 50 microliters of 1-millimolar tetrodotoxin to one of the ice-cold beakers [2].
WIDE: Talent placing beakers on ice TEXT: ACSF: artificial cerebral spinal fluid
[bookmark: _Hlk8303920]TTX being added to beaker, with TTX container visible in frame
To harvest the brain, hold the head and use ophthalmological scissors to cut the superficial skin along the midline using [1-TXT].
Shot of head being held and skin being cut TEXT: Euthanasia: Decapitation Videographer comment: Shot 2.2.1 through 2.5.1 together. Initial cut is hard to see. Showed this clip to Yamaguchi san and he thinks that what we shot is sufficient. 
Manually retract the skin to widely expose the skull surface [1] and use the scissors to cut along the skull horizontally from the major spinocerebellar hole to just above the eyes and ears [2] before cutting the skull along a line above both eyes [3].
Skin being retracted
Skull being cut from major spinocerebellar hole to just above eye and ears
Skull being cut above eyes
Use a scalpel to cut the brain at the middle of the cerebrum [1] and isolate the caudal part of the brain including, the cerebellum, from the skull [2].
Brain being cut
Caudal part of brain being isolated
Immerse the sample in the ice-cold beaker of ACSF [1-TXT] and adjust the bubble tubing so that it does not stir the brain block in the beaker [2].
Talent placing sample into beaker TEXT: Total time from decapitation to immersion <60 s
Tubing being adjusted Videographer comment: shot this to show that the brain block is not moving. 
After a minimum of 7 minutes, use a spatula to pick up the brain block [1] and use a piece of filter paper to absorb any excessive ACSF [2].
Block being picked up
Liquid being absorbed
Mount the tissue ventral side-down onto a 2- x 2-centimeter piece of agar with an appropriate medical adhesive [1] and use a blade to cut out the right hemisphere of the brain tissue as parallel to the dendritic plane of the Purkinje cells as possible [2].
Tissue being glued to agar Videographer comment: Shot a second take from a different angle at the end of the day of the glue being applied. Please use if needed. 
Hemisphere being cut Videographer comment: shot 2.7.2 to 2.9.1. together
Cut and remove the other side of the hemisphere [1] and cut the brain between the superior and inferior colliculi [2].
Other side of hemisphere being cut
Brain being cut between colliculi
Cut off the spinal cord [1] and glue the right side of the trimmed cerebellum with the agar block onto the pre-chilled specimen tray [2].
Spinal cord being cut off
Sample being glued to specimen tray
Then, tilting the specimen tray, pour ACSF onto the sample to fix the tissue and to wash away any excess glue [1].
Solution being poured onto sample/tilted tray
[bookmark: _Hlk8304318]
Brain Slicing 

To slice the brain sample, orient the specimen such that the dorsal side of the cerebellum is at the front [1] and pour enough of the ice-cold cutting ACSF supplemented with tetrodotoxin to completely immerse the cerebellum [2].

WIDE: Talent orienting sample Videographer comment: Shot 3.1.1 - 3.2.2 together
ACSF+ TTX being poured over tissue Videographer comment: added CU

Place a gas tube into the cutting solution [1] and initiate bubbling with an oxygen-carbon dioxide gas mixture [2].

Talent placing tube into solution
Shot of brain in solution, then bubbling starting

Using fine tweezers and binoculars [1], remove the arachnoid mater [2] and excise the cerebellar peduncle [3].

Talent putting on binoculars
ECU: Mater being removed Videographer comment: shot with 3.3.3.
ECU: Peduncle being removed

After removing the brainstem and agar block [1], rotate the tray 180 degrees so that the dorsal surface of the cerebellum faces the razorblade of the vibratome [2] and adjust the first cutting location [3].

Brainstem and agar being removed
Tray being rotated/cerebellum facing razorblade
Cutting location being adjusted

Set the vibratome amplitude to 5.5, the frequency to 85 hertz, the speed to 3-4, and the slice thickness to 300 micrometers [1].

Talent setting slicing parameters Videographer comment: misstated as 3.4.3

As the cerebellar slices are obtained [1], use a nylon-net to transfer the sections to an acrylic incubator in a 26-degree Celsius water bath [2] and completely immerse the samples in fresh oxygenated ACSF for at least 1 hour [3]. 

Slice being obtained 

Slice being placed into incubator with net Videographer comment: Shot 3.6.2 and 3.6.3 together 
[bookmark: _Hlk8305191]Slice being immersed in ACFS

Whole-Cell Patch-Clamp Recording

For whole-cell patch-clamp recording, resolve 1-micromolar picrotoxin in ACSF by ultra-sonication for 3 minutes [1] before perfusing a 30-degree Celsius recording chamber with the toxin solution at a 2 milliliters/minute flow rate [2].

WIDE: Talent ultrasonicating solution/placing solution in ultrasonicator
Chamber being flushed

After a few minutes, transfer a cerebellar slice to the recording chamber [1] and fix the tissue with a platinum weight and nylon threads [2].

Slice being placed into chamber
Slice being fixed

Then fill a stimulating electrode with fresh ACSF [1]. 

Electrode being filled

To stimulate the parallel fibers, place the stimulating electrode on the surface of the molecular layer about 50 micrometers from the Purkinje cell layer [1].

Electrode being placed onto molecular layer Video Editor: please indicate distance from electrode/molecular to PC layer when mentioned as possible/appropriate LAB Media DVD_142234_0 PF stim elctrode2.mpg

For stimulation of the climbing fibers, place the stimulating electrode at the bottom of the Purkinje cell layer [1] and use a micro-loader to fill a recording electrode with 8 microliters of 0.45-micrometer-filtered potassium- or cesium-based internal solution [2].

Electrode being placed LAB Media DVD_143041_0 CFstim electrode.mpg
Electrode being loaded Videographer comment: shot after 4.6.2

Apply a weak positive pressure to the recording electrode [1] before immersing the electrode into the ACSF [2].

Pressure being applied to electrode
Electrode being immereed

The electrode resistance should be 2-4 megaohms [1] and the liquid junctional potential should be corrected [2].

Shot of electrode resistance LAB Media Relectrode1_2019_08_28_132532(raw).avi
Shot of corrected liquid junction potential 

Approach the healthy, bright cell body of a Purkinje cell with the recording electrode [1] and push the surface of Purkinje cell slightly [2].

Cell being approached WMV_Record electrode.wmv
Surface being pushed Giga Ohm making 1_2019_08_28_133026(raw).avi

Stop applying the positive pressure [1] apply negative pressure until a giga-ohm seal is formed [2].

Positive pressure being stopped Giga Ohm making 1_2019_08_28_133026(raw).avi
Negative pressure being applied/seal being formed Giga Ohm making 1_2019_08_28_133026(raw).avi

Then use negative pressure to establish a whole-cell configuration [1], maintaining the membrane potential at minus 70 millivolts and applying minus 2-millivolt, 100-millisecond pulses at 0.1 hertz [2] for continuous monitoring of the input resistance, series resistance, and input capacitance [3].

Whole-cell configuration being established Whole Cell Recording1_2019_08_28_134900(raw).avi 
Pulse(s) being applied
Talent monitoring output, with monitor visible in frame

Long Term Depression (LTD) Induction

For long term depression induction, stimulate the molecular layer with a 0.1-millisecond pulse [1] and apply a double-pulse stimulus to identify the parallel fiber-excitatory postsynaptic currents [2].

WIDE: Talent applying pulse
Shot of double-pulse being applied

[bookmark: _Hlk8305480][bookmark: _Hlk8305748]A paired-pulse facilitation and gradual increase in amplitude relative to the increase in stimulation intensity should be observed [1].

SCREEN: To be provided by Authors: Shot of paired-pulse facilitation and increase in amplitude

To record the test response, apply a single, 0.1-hertz pulse [1] and adjust the intensity of the stimulus so that the evoked amplitude is around 200 picoamps [2].

Pulse being applied
SCREEN: To be provided by Authors: Shot of evoked amplitude

Stimulate the climbing fibers at the bottom of the Purkinje cell layer and to identify the parallel fiber-excitatory postsynaptic currents elicited by the climbing fiber activation, apply a double-pulse stimulus [1].

Double-pulse stimulus being applied

A paired-pulse depression should be observed in an all-or-none manner in correlation with the increase in stimulation intensity [1-TXT].

SCREEN: To be provided by Authors: Shot of paired-pulse depression TEXT: See text for full LTD induction details



Section – Results
Results: Representative Purkinje Cell Voltage and Current Traces During Conjunctive Stimulation 

In this representative experiment, a conjunction of one parallel fiber-stimulation [1] and one climbing fiber-stimulation under current-clamp conditions were used for the slice preparation [2].

LAB MEDIA: Figure 2A: JoVE Video Editor please emphasize red spike in red PF-stim line
LAB MEDIA: Figure 2A: JoVE Video Editor please emphasize blue spike in CF-stim line

The shape of the complex spike elicited by the conjunctive stimulation was similar to that elicited by the climbing fiber-stimulation alone, with the first steep spikelet followed by 2 to 3 spikelets [1].

LAB MEDIA: Figure 2A: JoVE Video Editor please emphasize first spikelet in black data line
LAB MEDIA: Figure 2A: JoVE Video Editor please emphasize second/third spikelet(s) in black data line

A similarly shaped complex spike [1] was observed when one parallel fiber stimulation [2] was followed 50 milliseconds later by a conjunctive second parallel- and climbing fiber-stimulation [3].

LAB MEDIA: Figure 2B: JoVE Video Editor please emphasize bigger set of spikes in center black data line
LAB MEDIA: Figure 2B: JoVE Video Editor please emphasize first red spike in PF-stim line
LAB MEDIA: Figure 2B: JoVE Video Editor please emphasize second red spike and blue spike in PF-stim and CF-stim lines

In this test under voltage-clamp conditions using a cesium-based internal solution, a parallel fiber-stimulation [1] was followed 50 milliseconds later by a concomitant application of a second parallel fiber-stimulation [2] and somatic depolarization [3].

LAB MEDIA: Figure 2C: JoVE Video Editor please emphasize first red spike
LAB MEDIA: Figure 2C: JoVE Video Editor please emphasize second red spike and green plateau

An inward current was elicited upon somatic depolarization from minus 70 to 0 millivolts [1] and a tail current was also evoked after repolarization [2].

LAB MEDIA: Figure 2C: JoVE Video Editor please emphasize top part of black data line between two vertical sections of data line
LAB MEDIA: Figure 2C: JoVE Video Editor please emphasize black data line from bottom of second vertical line to end of graph

Finally, five parallel fiber-stimuli at 100 hertz were given simultaneously with the somatic depolarization under voltage-clamp conditions [1].

LAB MEDIA: Figure 2D: JoVE Video Editor please emphasize 5 red spikes and green plateau

Again, a repetitive generation of inward currents was elicited during depolarization [1] and a tail current was induced after the repolarization [2].

LAB MEDIA: Figure 2D: JoVE Video Editor please emphasize top part of black data line between two vertical sections of data line
LAB MEDIA: Figure 2D: JoVE Video Editor please emphasize black data line from bottom of second vertical line to end of graph




Section - Conclusion
Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

Kazuhiko Yamaguchi: (Step 4.1.): To assess the relationship between cerebellar LTD and motor learning in gene-manipulated animals, multiple protocols should be used to induce LTD under quasi-physiological conditions [1].      
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Kazuhiko Yamaguchi: If cerebellar LTD is visualized in gene-manipulated animals after motor learning, a causal relationship between them can be more directly examined [1].
INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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