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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y  
Can you record movies/images using your own microscope camera? 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.
· No. However, we have an analog microscope camera (IR-1000, Dage-MTI) that project image/video to TV monitor. You can take analog signals from the camera. 
· Also, this camera is connected to our PC through analog-to-digital converter. But a video software in our PC (Open Broadcast Software; OBS) sometimes has trouble recording videos and is not reliable

2. Does your protocol include software usage? Y

3. Which steps from the protocol section below are the most important for viewers to see? 
2.1, 2.2, 2.3, 3.1, 3.2
Note: We believe the animations are most important for viewers to see in order to understand the principles behind the experiments. 

4. 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.)
The most difficult aspect of our protocol is understanding the purpose of each experiment and the principles behind each method. For this reason, animations with narratives based off the schematic diagrams from our figures are essential. 

5. Will the filming need to take place in multiple locations? N








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

1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Julia Sunstrum: In the brain, a pair of neurons often form multiple synaptic contacts, which is called synaptic multiplicity. [1].
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Julia Sunstrum: However, precise examination of synaptic multiplicity requires technically challenging experiments. This protocol describes a simple method for a gross estimation of synaptic multiplicity using whole-cell patch clamp electrophysiology [1]. 
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


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


1.3. Wataru Inoue: This method can be applied to any species and brain area to investigate synaptic multiplicity [1]. 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Wataru Inoue: This method requires basic skills in whole-cell patch clamp electrophysiology. Obtaining high-quality recordings with low and stable access resistance is critical for accurate interpretation of the data [1]. 
1.4.1. 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)

1.5. Procedures involving animal subjects have been approved by the Animal Care Committee of The University of Western Ontario in accordance with the Canadian Council on Animal Care Guidelines.
	

[bookmark: _GoBack]
Section - Protocol
2. Obtain the Whole-Cell Configuration
2.1. To obtain whole-cell configuration, place the recording pipette just above the slice [1] and offset pipette current in the voltage clamp mode [2]. Apply slight positive pressure to the pipette and lock the stopcock [3].
2.1.1. MED: Talent lowers the electrode into the bath and lowers the pipette to the slice
2.1.2. *To be submitted by authors. SCREEN: Show that the pipette current is offset 
2.1.3. MED: Talent applies slight positive pressure to the pipette and locks the stopcock 
2.2. Next, select a healthy cell with an intact membrane and approach the tissue with the pipette [1]. The positive pressure should cause a slight disturbance on the tissue [2]. Slowly bring the pipette closer to the cell in a diagonal motion until a small dimple is formed on the cell surface [3]. 
2.2.1. SCOPE: Show that the pipette entering the tissue 
2.1.1. SCOPE: Show that a slight disturbance is formed on the tissue  Author comment: 2.2.1 and 2.2.2 are show in the same video labelled “SCOPE-2.2.1-2.2.2” in attached files. Please use the attached files rather than the ones filmed by videographer.
2.1.2. SCOPE: Show that the pipette gets closer to a cell in a diagonal motion and a small dimple is formed on the cell surface   Author comment: Please use the attached file (SCOPE-2.2.3) rather than the ones filmed by videographer
2.2. Then, release the positive pressure lock [1]. The cell will begin to form a seal and the resistance will increase above 1 gigaohm [2]. In voltage clamp, hold the cell at -68 millivolts [3]. 
2.2.1. MED: Talent releases the positive pressure lock
2.2.2. *To be submitted by authors. SCREEN: Show that the resistance increases to over 1GΩ 
2.2.3. *To be submitted by authors. SCREEN: Show that the cell is held at -68 mV   Author comment: These are shown in the same video labelled “SCREEN-2.3.2-2.3.3” in attached files
2.3. Subsequently, slightly pull the pipette away from the cell diagonally to remove excess pressure [1]. Compensate for the fast and slow pipette capacitance [2]. Apply a brief suction through the tube connected to the pipette holder to break through the cell [3] and obtain a whole-cell configuration [4]. 
2.3.1. MED: Show that the pipette is pulled away from the cell diagonally
2.3.2. *To be submitted by authors. SCREEN: Show that the pipette capacitance is compensated 
2.3.3. MED: Talent applies a brief suction through the tube 
2.3.4. *To be submitted by authors. SCREEN: Show the breakthrough of the cell 
Author comment: Steps 2.3.4 and 2.4.1 are shown in the same video “SCREEN-2.4.4-2.5.1”. Point 2.4.2 does not need an added visual
2.4. Then, switch to Cell mode on the membrane test window in an electrophysiology data acquisition and analysis software [1]. Before each voltage clamp recording, perform a membrane test using the same software and record the relevant parameters in a lab book [2]. 
2.4.1. *To be submitted by authors. SCREEN: Show that it is switched to Cell mode 
2.5. Maintain the temperature of the recording bath at 27 to 30 degrees Celsius [1] and the flow rate at 1.5 - 2 milliliters per minute for subsequent experiments [2].
2.5.1. CU: Close up of the thermostat to show that recording bath is set at 27-30 ̊C
2.5.2. CU: Close up to show the tubing system

3. Experiment 1
3.1. In multiplicity synapse, an action potential synchronizes neurotransmitter release, and generates a larger postsynaptic current [1]. Blocking action potentials and calcium-dependent vesicular releases with TTX and cadmium prevents the postsynaptic current summation and decreases the amplitude [2]. When there is no multiplicity, blocking action potentials will not change the amplitude [3].
3.1.1. LAB MEDIA: All Animations 1-4_updated_190215: Slide 2 – Video editor, please use animation in slide 2 by authors 
3.1.2. LAB MEDIA: All Animations 1-4_updated_190215: Slide 3  left panel - Video editor, please use animation in slide 3 (continuation of the previous step) by authors
3.1.3. LAB MEDIA: All Animations 1-4_updated_190215: Slide 3 right panel - Video editor, please use animation in slide 3 right panel by authors
3.2. In experiment 1, to estimate multiplicity, hold the cell at -68 millivolts while perfusing it with low calcium ACSF [1]. Record the spontaneous EPSCs for at least 5 minutes to ensure a stable baseline [2-TXT]. 
3.2.1. MED: Talent set the setting on the monitor to hold the cell at -68 mV
3.2.2. *To be submitted by authors. SCREEN: Show that sEPSCs with an already established baseline and shortly after stabilization. Text: sEPSCs: spontaneous excitatory postsynaptic currents. 
3.3. Next, add 30 micromolars 4-AP to the ACSF to increase action potential dependent events [1-TXT] and record spontaneous EPSCs for at least 10 minutes to obtain the full drug effect [2]. Then, add 0.5 micromolars TTX and 10 micromolars cadmium to the ACSF with 4-AP [3-TXT] and record the miniature EPSCs for at least 10 minutes [4-TXT]. 
3.3.1. MED: Talent adds 4-AP to the ACSF. Text: 4-AP: 4-Aminopyridine
3.3.2. *To be submitted by authors. SCREEN: Show that sEPSCs are being recorded
3.3.3. MED: Talent adds TTX and Cadmium to the ACSF. Text: TTX: Tetrodotoxin
3.3.4. *To be submitted by authors. SCREEN: Show that mEPSCs are being recorded. Text: mEPSCs: miniature excitatory postsynaptic currents
3.4. For offline analysis, use the last 1 minute of baseline immediately before the application of 4-AP [1], the 10th minute of 4-AP application [2] and the 10th minute of TTX application [3]. 
3.4.1. *To be submitted by authors. SCREEN: Show the last 1 minute of baseline immediately before the application of 4-AP
3.4.2. *To be submitted by authors. SCREEN: Show the 10th minute of 4-AP application
3.4.3. *To be submitted by authors. SCREEN: Show the 10th minute of TTX application

4. Experiment 2
4.1. In this experiment, extracellular calcium is replaced with strontium to desynchronize the release of synaptic vesicles [1]. Therefore, if multiplicity is present, this should decrease the amplitude of postsynaptic currents [2].
4.1.1. LAB MEDIA: All Animations 1-4_updated_190215: Slide 5 – Video editor, please use step 1 animation in slide 5 by authors
4.1.2. LAB MEDIA: All Animations 1-4_updated_190215: Slide 5 – Video editor, please use step 2 animation (continuation of the previous step) in slide 5 by authors
4.2. In experiment 2, record spontaneous EPSCs for at least 5 minutes while perfusing the cell with normal calcium ACSF [1]. To desynchronize vesicle release, begin perfusing the cell with strontium ACSF [2] and record spontaneous EPSCs [3]. 
4.2.1. To be submitted by authors. SCREEN: Show that sEPScs are being recorded and the baseline it has online analysis 
4.2.2. MED: Talent switches to strontium ACSF for perfusion
4.2.3. To be submitted by authors. SCREEN: Show that sEPScs are being recorded
4.3. For offline analysis, to determine whether the large amplitude spontaneous EPSCs are due to the synchronous release of vesicles, compare the last minute of baseline to the 10th minute of strontium ACSF application [1].  
4.3.1. To be submitted by authors. SCREEN: Show the already established baseline and the 10th minute of strontium ACSF application   

5. Experiment 3
5.1. [bookmark: _Hlk1882246]Multiplicity can involve multivesicular release, which causes higher neurotransmitter concentration in the synaptic cleft [1]. Addition of gamma-DGG, a low affinity AMPA receptor antagonist, leads to less effective inhibition of larger, multiquantal compared to smaller, uniquantal postsynaptic currents [2]. Without multivesicular release, gamma-DGG will be equally effective on larger and smaller postsynaptic currents [3].
5.1.1. LAB MEDIA: All Animations 1-4_updated_190215: Slide 7 – Video editor, please show slide 7 
5.1.2. LAB MEDIA: All Animations 1-4_updated_190215: Slide 8 – Video editor, please use step 1 animation (continuation of the previous step) in slide 8 by authors
5.1.3. LAB MEDIA: All Animations 1-4_updated_190215: Slide 8 – Video editor, please use step 1 animation (continuation of the previous step) in slide 8 by authors
5.2. In experiment 3, to test for multivesicular release, record spontaneous EPSCs in low calcium ACSF for at least 5 minutes [1]. Add 30 micromolars 4-AP to the ACSF through the perfusion system [2]. Record the spontaneous EPSCs for at least 10 minutes [3]. 
5.2.1. To be submitted by authors. SCREEN: Show that sEPScs are being recorded 
5.2.2. CU: Close up of the ACSF as it is switched 
5.2.3.  To be submitted by authors. SCREEN: Show that sEPScs are being recorded 
5.3. Then, add 200 micromolars gamma-DGG to the ACSF with 4-AP [1-TXT] and record the spontaneous EPSCs for at least 10 minutes [2]. As a control experiment in a separate cell, repeat the procedures but apply a low concentration of DNQX instead of gamma-DGG [3-TXT]. For offline analysis, analyze the last minute of each drug application [4].
5.3.1. MED: Talent adds γ-DGG to the ACSF. Text: γ-DGG: γ-D-glutamylglycine
5.3.2. To be submitted by authors. SCREEN: Show that sEPScs are being recorded 
5.3.3. CU: Close up of ACSF as DNQX is added (label DNQX-ACSF on the flask/ container). Text: DNQX: 6,7-dinitroquinoxaline-2,3-dione
5.3.4. To be submitted by authors. SCREEN: Show the analysis of the last minute of each drug application 


6. Experiment 4
6.1. Bursts of synaptic activity can transiently increase spontaneous action potential firing and release probability of the stimulated afferents [1]. If neurons exhibit multiplicity, the increase in action potentials should cause a transient increase in the amplitude of postsynaptic currents [2].
6.1.1. LAB MEDIA: All Animations 1-4_updated_190215: Slide 10 – Video editor, please show step 1 animation in slide 10 by authors
6.1.2. LAB MEDIA: All Animations 1-4_updated_190215: Slide 10 - Video editor, please show step 2 animation (continuation of the previous step) in slide 10 by authors
6.2. In experiment 4, record spontaneous EPSCs in normal calcium aCSF [1]. To increase action potential firing, stimulate the afferents using a monopolar glass electrode filled with ACSF at a rate of 20 Hz for 2 seconds [2-TXT] and repeat 10 times with an inter-burst interval of 20 seconds [3].
6.2.1. SCOPE: Show that a stimulating electrode is placed on the slice. Text: Stimuli: 20Hz for 2 s, 20 s inter-burst interval Author comment: Filmed by videographer
6.2.2. To be submitted by authors. SCREEN: Show that sEPScs are being recorded during stimuli 
6.3. For analysis, use 5000 milliseconds spontaneous EPSCs before the first stimulus as the baseline [1] and compare to the 10-300 milliseconds spontaneous EPSCs after the final stimulus [2]. Then take the average amplitude and frequency change over 10 trials [3].
6.3.1. To be submitted by authors. SCREEN: Show the analysis of 5000 ms sEPScs before the first stimulus 
6.3.2. To be submitted by authors. SCREEN: Show the analysis of 10-300 ms sEPScs after the final stimulus   Author comment: 6.3.1&6.3.2. These are in one video (SCREEN-6.3.1) does not need to be two steps

7. Data Analysis 
7.1. Analyze spontaneous EPSCs and miniature EPSCs using a program that detects and analyzes synaptic currents [1]. Then, use the suggested detection parameters and Nonstop Analysis function for detecting AMPA receptors-mediated EPSCs [2]. 
7.1.1. MED: Talent opens the analysis program on the computer monitor
7.1.2. To be submitted by authors. SCREEN: Show that the Nonstop Analysis function is used to detect AMPA receptors-mediated EPSCs 
7.2. Manually scan each recording to ensure the program is accurately detecting each event [1]. Export the event data by copying it to the clipboard and paste it into a data management software [2].
7.2.1. MED: Talent scanning a recording to ensure the program is accurately detecting the event
7.2.2. To be submitted by authors. SCREEN: Show that the event data is copied to the clipboard and pasted into a data management software 
7.3. Next, calculate the average frequency and amplitude for each drug treatment and perform the relevant statistical analyses [1].
7.3.1. LAB MEDIA: Figure 3C, D 
















Section – Results
8. Results: 4-AP Application and High-Frequency Stimulation Reveal Synaptic Multiplicity 
Authors, please upload subfigures of Figure 3 and 6 to this link (https://www.jove.com/account/file-uploader?src=18135653). Thanks.
8.1. In an example shown here, 4-AP increases both the amplitude and frequency of spontaneous EPSCs [1]. Subsequent application of TTX and Cadmium decreases both the amplitude and frequency [2]. Here is the distribution of spontaneous EPSC amplitude from the recording [3].
8.1.1. [bookmark: _Hlk1882988]LAB MEDIA: Figure 3A – Video editor: please show the black panel on the left
8.1.2. LAB MEDIA: Figure 3A – Video editor: please add the red and blue panels on the middle and right, respectively
8.1.3. LAB MEDIA: Figure 3B
8.2. In the hypothalamic neurons examined here, the amplitude and frequency of the baseline and TTX conditions are the same, suggesting that the baseline spontaneous EPSCs contain very few action potential-dependent EPSCs [1]. Accordingly, subsequent experiments can compare the difference between baseline and 4-AP to measure multiplicity [2]. 
8.2.1. LAB MEDIA: Figure 3C, D – Video editor: please show Figure 3C, D, emphasize “n.s.” in both figures
8.2.2. LAB MEDIA: Figure 3C, D – Video editor: emphasize “***” in Figure 3C and “**” in Figure 3D
8.3. The strength of synaptic transmission can be transiently increased by bursts of synaptic activity [1]. To investigate multiplicity under more physiological conditions, afferent stimulation can be used to increase action potential firing and release probability [2]. 
8.3.1. LAB MEDIA: Figure 6A – Video editor: Please show Figure 6A
8.3.2. LAB MEDIA: Figure 6A – Video editor: Please show Figure 6B
8.4. Here are the summaries of spontaneous EPSC frequency [1] and amplitude changes following synaptic stimulation [2].
8.4.1. LAB MEDIA: Figure 6A – Video editor: Please show Figure 6C, then add 6D



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

9.1. Julia Sunstrum: Stable recordings are essential for accurate interpretation of data. Discard data if the access resistance changes by more than 20% during the recording as this could confound the analysis [1]. 
9.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
9.2. Wataru Inoue: This protocol offers a simple way to estimate synaptic multiplicity, which is a key determinant of synaptic efficacy and its plasticity in different physiological and pathophysiological conditions [1]. 
9.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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