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Authors, please fill out the brief questionnaire below.   

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___No______  
Can you record movies/images using your own microscope camera? (Y/N)____Yes___  
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__No______ 
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.)                   2.5 2.7 3.6 3.9 3.10___________________________________________
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.) Correct stimulation of the infected neurons with the laser: stimulate the soma-dendritic region of the infected neurons (and not their axons), adjust stimulation length to a minimum so to evoke single (and not multiple) action potentials. Step__3.10 and 3.11_______________
E.  Location: Will the filming need to take place in multiple locations? (Y/N) __No___ 


1. Introduction (Experimental Goal and Author Interviews)

A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of combining artificial microRNA-mediated RNA interference with optogenetics is to characterize the effect of gene knockdown on presynaptic function within intact neuronal circuits. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Agnes Thalhammer: This method can help answer key questions in the field of synaptic physiology, such as addressing the physiological role of presynaptic proteins within intact brain circuits.
1.2. Fanny Jaudon: The main advantage of this technique is that it makes it possible to monitor synaptic transmission selectively at neurons with reduced expression of the presynaptic protein under investigation.
1.3. Agnes Thalhammer: Although we have used this method to investigate presynaptic function in acute brain slices, it can also be applied to manipulate and probe neuronal circuitry in vivo.
1.4. Fanny Jaudon: Demonstrating the procedure will be Carmela Vitale, a grad student from my laboratory.
1.4.1. Interview style: Author saying the above
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges 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 Italian Ministry of Health in accordance with the guidelines established by the European Communities Council (Directive 2010/63/EU of March 4, 2014).

Protocol: (read by voice talent at JoVE)

2. Extracting RNA from Primary Neuronal Cultures to Evaluate microRNA Knockdown Efficiency 
2.1. [bookmark: _Hlk497832022]After designing the microRNAs and constructing a recombinant vector [1.WID] to express the microRNAs and the optogenetic probe, [2.MED] prepare primary neuronal cultures from the brain region of interest. [3.MED]
2.1.1. Establishing shot, talent involved in preparing for making neuronal cultures, perhaps making media enters lab
2.1.2. Closer shot of similar action Preparation of first sample (attachment medium)
2.1.3. A different preparatory step to preparing for culture, maybe pouring media into plates Preparation of second sample (neurobasal medium)
2.1.4. [Added Shot]: Filtration of the two media (Editor: I’m not sure this shot needs to be used since there’s no corresponding VO. The VO for 2.1 is very vague and general, 2.1.2 – 2.1.4 could all be used during the VO earmarked for 2.1.2 & 2.1.3, either sequentially, or using split-screen)
2.2. To do this, follow an established cortical culturing protocol by L. A. Cingolani and company, [1.MED-TXT] with the following modifications: first, use 6-well plates, plate half-a-million neurons per well and [2.CU-TXT] use 2.5 mL of attachment medium per well. [3.ECU]
2.2.1. Preparing the neuronal suspension to add to plate, 
2.2.2. Adding neuronal suspension to plate wells. TEXT: Cingolani, L. A. et al. Activity-dependent regulation of synaptic AMPA receptor composition and abundance by beta3 integrins. Neuron. 58 (5), 749-762 (2008). [Shots 2.2.2 and 2.2.3 combined] (Editor: The text overlay can be kept up for all of 2.2.2 and 2.2.3)
2.2.3. As above, finishing addition of neurons and covering plate 
2.3. After incubating the plate for 4 hours, switch to 3.3 mL of maintenance medium per well [1.MED] and if astrocyte overgrowth is observed, add 0.5 mL of maintenance medium [2.WID] supplemented with 7.5 µM of AraC at 3 to 4 DIVs. [3.MED-TXT]
2.3.1. Removing the media from the wells of plate and adding new media
2.3.2. Observing the plate using a microscope to look for astrocytes
2.3.3. Adding media to wells of plate, TEXT:  0.5 mL 7.5 µM AraC (cytosine β-D-arabinofuranoside), 3 - 4 DIV
2.4. At 5 to 6 DIVs, infect three wells for each microRNA to test. Use the lowest infectious dose that [2.MED] will infect at least 99% of the neurons.  Add the virus directly to the neurons, [2.CU] mix gently and place the plates back in the incubator at 37 °C. [3.WID]
2.4.1. Arriving to bench with plate, taking showing aliquot of miRNA and adding to a well
2.4.2. Loading Adding miRNA into other wells and mixing
2.4.3. Mixing the plate gently and Returning the plate to incubator
2.5. At 17 to 18 DIVs, lyse the neurons for an RNA extraction.  Tilt the plates and use glass pipettes [1.MED-TXT] to remove all of the medium from each well. [2.ECU]  Then, immediately add 700 µL of lysis reagent to each well.  [3.CU]
2.5.1. Arriving to the bench with plate and preparing to aspirate well content, TEXT: Glass pipettes heated incubated O/N at 180 ºC
2.5.2. Pipette entering well and removing all medium Add lysis buffer
2.5.3. Mix and transfer lysate to tubes Adding lysis reagent to all wells
2.6. After a brief mixing, transfer the cell lysates out of each well and into separate 1.5 mL tubes. [1.MED] Then, add 140 µL of chloroform to each lysate. [2.CU] Quickly cap and shake the tubes vigorously for 15 seconds to emulsify the contents. [3.MED]
2.6.1. Taking cell lysate out of wells and loading several tubes   (Author Comment: see 2.5.3)
2.6.2. Adding chloroform to a tubes and capping them
2.6.3. Capping the tubes, Shaking all the tubes for 15 seconds
2.7. Next, centrifuge the tubes at 12,000 G for 15 minutes at 4 ºC. [1.MED-TXT] Then, carefully transfer the upper aqueous phase containing RNA to a new tube. [2.CU] Do not let the pipette tip touch the organic phase.  [3.ECU-TXT]
2.7.1. Loading the tubes into centrifuge, TEXT: 12,000 x g, 15 min, 4 ºC. [Shots 2.7.1 and 2.7.2 combined]
2.7.2. uncapping and removing supernatant Unloading one tube from centrifuge
2.7.3. Uncapping and removing supernatant. Detail of removing the supernatant to show organic phase is not disturbed, TEXT: Typically transfer ~320 µL.
2.8. To the aqueous phase, add 1.5 volumes of 100% ethanol [3.MED] and pipette the solution slowly three times to mix.  [1.CU] Then, purify the RNA using a commercially available kit and quantify the yields. [2.WID]
2.8.1. Establish that the  Talent shows that she has a separate aqueous phase in each tube from each aqueous phase collected, takes aliquot of ethanol from stock
2.8.2. Adding ethanol to tube and pipetting up/down 3 times, slowly
2.8.3. Talent using RNA extraction kit, any representative step
2.9. Expect at least 3.5 µg per sample.  The ratios for purity [1.MED] over proteins and organic compounds should both be at least 1.9. [2.CU]
2.9.1. Talent at spectrometer taking readings of purified RNA [Shots 2.9.1 and 2.9.2 combined]
2.9.2. Detail of the spectrometer reading showing a > 1.9 ratio of 260:280 and 260:230. 
2.10. Next, use a kit to retrotranscribe 250, 500 or 1000 ng of RNA. [1.WID] Then, quantify the knockdown efficiency for the endogenous gene of interest by quantitative-RT-PCR.  [2.MED] Aim for a knockdown efficiency of at least 60%. [3.LM]
2.10.1. Using kit to retro-transcribe, any representative step
2.10.2. Running a qRT-PCR, any representative step
2.10.3. Figure 2
3. Stimulation of Knocked-down Neurons using Optogenetics
3.1. For this protocol, use an animal that 15 days prior, or longer, had rAAV1/2 injected [1.WID] into the brain according to a previously-published protocol by A. Cetin and company. [2.CU-TXT] 
3.1.1. Talent loading animal cage onto cart and rolling it to work room
3.1.2. Detail of the animal in cage, TEXT: Cetin, A., Komai, S., Eliava, M., Seeburg, P. H. and Osten, P. Stereotaxic gene delivery in the rodent brain. Nat Protoc. 1 (6), 3166-3173 (2006).
3.2. Isolate the brain and make acute brain slices with a Vibratome and gassed ice-cold aCSF (pronounce “A-C-S-F”).  [1.MED-TXT]  Collect the slices of the region of interest [2.CU] and minimize their exposure to light to avoid activation of the optogentic probe.  [3.ECU]
3.2.1. Setting up brain block in the vibratome, TEXT: 95% O2, 5% CO2 
3.2.2. The brain tissue getting sliced
3.2.3. Floating slices in aCSF as talent takes slices
3.3. Let the slices recover for 30 minutes at 37 °C in the same aCSF. [1.WID] Use a chamber specifically designed for holding brain slices. [2.CU] Then, return the slices to room temperature where they will remain healthy for six to eight hours. [3.WID]
3.3.1. Loading Transferring the slices into the slice chamber of slices into an incubator or located inside the warm water bath
3.3.2. Detail of the brain slice chamber
3.3.3. Taking slice chamber out of warm water incubator/bath and taking it to the work station
3.3.4. [Added Shot]: Taking slices out of slice chamber (This shot can be transitioned in halfway through the VO for 3.3.3, or could be used as a split-screen during 3.3.3. The VO is vague, and could include both actions)
3.4. To proceed, transfer a slice to the recording chamber [1.CU] and superfuse it at 2 mL per minute of aCSF.  [2.MED-TXT]
3.4.1. Loading slice into recording chamber
3.4.2. Starting the aCSF superfusion, TEXT: 2 mL aCSF / min
3.5. Next, briefly check the signal [1.MED] of the expressed fluorescent reporter to ascertain the localization and intensity of infection.  [2.LM/SCOPE] Then, fill a patch electrode with the intracellular solution.  [3.CU-TXT]
3.5.1. Setting up recording chamber under scope Fluorescence and opening of software
3.5.2. To be provided by authors, the scope’s view of the reporter signal – a quick check LAB MEDIA: Point3_5_2.tif
3.5.3. Loading the patch pipette, TEXT: pipette resistance: 5 - 6 mΩ
3.6. Now, under infrared illumination, [1.CU] obtain a tight-seal whole-cell configuration on a neuron that is receiving synaptic inputs from the infected neurons.  [2.LM/SCOPE] The series resistance can be left uncompensated, but it should be constant and low.  [3.SCREEN]
3.6.1. Changing the illumination to IR
3.6.2. To be provided by authors (Author Comment: Real shoot) Pipette approaching the cell of interest
3.6.3. Screen capture of the series resistance, after whole-cell configuration. To be provided by authors, LAB MEDIA: Point3_6_3.tif, TEXT: Series resistance ≤ 20 MΩ 
3.7. For example, if CA3 pyramidal neurons were infected, patch pyramidal neurons in the proximal to medial tract of the CA1 region. [1.LM]
3.7.1. Fig 3C
3.8. Agnes Thalhammer: When the cells start to look shrunk or swollen, when patching become difficult or when patches are unstable, the collected tissue slices are no longer healthy enough to record from. [1.MED/WID]
3.8.1. Interview with talent
3.9. Next, use pharmacology to isolate the synaptic currents under investigation. [1.MED] For example, if the aim is to investigate excitatory synaptic transmission, [2.CU] block inhibitory synaptic transmission by adding bicuculline to the bath. [3.ECU]
3.9.1. Talent shows Bicuculline, TTX and NBQX in flasks looking over inventory of inhibitors, selects a stock bottle of bicuculline
3.9.2. Setting up the bath to recirculate solution. Reuse 3.4.2
3.9.3. Adding bicuculline to the bath. (Author Comment: Is included at the end of 3.9.1) (Editor: I’m not sure what the authors want here. They didn’t adjust the VO, but this action is now in the first shot of the step. We could always either try to cut it so that this action from 3.9.1 is only shown here, or that we show all of 3.9.1 and then have this VO play over 3.9.2. I’m not sure which is best – so do whatever seems to make the most sense with the footage provided)
3.10. Then, evoke synaptic currents, such as excitatory postsynaptic currents, [1.MED] [3.10.0] using a 473 nm blue laser coupled to an optical fiber positioned on the somata of the infected neurons [1.MED]. Do not direct the laser onto the neurons’ axons. [2.SCREEN-TXT]
3.10.0 [Added Shot]: Talent adjusts laser intensity
3.10.1. Talent operating the laser control interface Screen detail of laser pulse duration
3.10.2. Screen capture showing how the laser is manipulated to shine on neuron’s somata Example of light lase pulse, TEXT: fiber≤ 250 µm Ø
3.11. For example, avoid shining light on the Schaffer collaterals.  Direct depolarization of the axons is not desirable. [1.SCREEN]
3.11.1. Screen capture showing how the laser is manipulated to shine on neuron’s somata, this example includes avoiding Schaffer collaterals, which should be shown in the example Fig3C
3.12. Then, adjust the stimulation length to a minimum, to reduce the possibility of evoking more than one action potential per light pulse. Next, refine the laser’s intensity to evoke small but clearly detectable synaptic current.  [1.SCREEN]
3.12.1. Screen capture showing how to find minimum stimulation strength needed to evoke AP, then further refine intensity to evoke small currents
3.13. For example, for excitatory synaptic transmission between CA3 and CA1 pyramidal neurons, adjust the laser’s intensity to evoke synaptic currents of 20 to 50 pico-Amps. [1.LM]
3.13.1. Fig 3Dadjusted (Author Comment: Use this figure only here, not for the results)
3.14. At the end of the experiment, apply tetrodotoxin at 0.5 µM to block the sodium channels. [1.CU] The sensitivity of the optically evoked currents to tetrodotoxin indicates that they are action potential-driven. [2.SCREEN]
3.14.1. Adding TTX to the bath Talent moves tubing from aCSF to aCSF with Bicuculline, to aCSF with Bicuculline + TTX, to aCSF with Bicuculline + NBQX
3.14.2. [bookmark: _GoBack]To be provided by authors. LAB MEDIA: Point3_14_2.tif Screen capture showing that the evoked currents are no longer after TTX addition. 
3.15. [1.MED] [2.CU] [3.SCREEN]
3.15.1. Re-establish talent, currently selecting from different chemicals to add to bath, settles on NBQX. (Author Comment: Canceled because included in 3.9.1 and 3.14.1.)
3.15.2. Adding NBQX to the bath. (Author Comment: Canceled because included in 3.9.1 and 3.14.1.)
3.15.3. Screen capture showing show NBQX addition affected sensitivity of neuron (now a different neuron presumably (Author Comment: Canceled because included in 3.14.2.)
NBQX is said “N-B-Q-X” but AMPA is said “amp-ah”
3.16. Continue collecting data until at least 8 neurons have been patched for a given condition from at least three different animals.  This is the minimum data needed to analyze results.
4. Results: Knockdown of P/Q-type Voltage-gated Ca2+ Channel at CA3 to CA1 Synapses 
4.1. Using the described method, alternative splice isoforms of the presynaptic P/Q-type voltage-gated calcium channels were knocked down.  [1.LM] These channels are thought to regulate short-term synaptic plasticity at CA3 to CA1 excitatory synapses. [2.LM] Four different constructs, expressing isoform-specific micro RNAs, were made. Each was expressed together with an ultrafast channel-rhodopsin, along with the fluorescent protein T-d-Tomato. [3.LM]
4.1.1. Fig 1A no animation
4.1.2. Fig 1A, spin the entire graphic 90-degees CCW and then zoom in on the region between the yellow arrow and green bar labeled “miR X”, then fade to 1B (see the similarity between 1A and 1B, make those color bars line up as best as  possible)
4.1.3. Fig 1B, no animation
4.2. First, each construct was confirmed to have sufficient knockdown efficiency and selectivity in primary rat neuronal cultures using isoform-specific quantitative RT-PCR. [1.LM] Next, each construct was injected into the hippocampus of P18 rats. [2.LM]
4.2.1. Figure 2, no animation
4.2.2. Fig 3B, no animation
4.3. Ultimately the effect of the constructs on short-term synaptic plasticity at CA3 to CA1 synapses was investigated by stimulating infected CA3 pyramidal neurons with brief pulses of 473-nm light and by recording the resulting “E-P-S-Sees” in whole-cell configuration from pyramidal neurons of the CA1 region.
4.3.1. Fig 3C – add the site of infection label at “infected CA3” and add the optical stimulation label at “473 nm” and add the site of recording graphic at “recording the resulting”
4.4. Knockdown of different splice isoforms affected the responses to paired-pulse stimulation [1.LM] in opposite directions: knockdown of the a-isoform boosted paired-pulse facilitation whereas knockdown of the b-isoform abolished it. [2.LM]
4.4.1. Fig 3D, no animation – place at top of screen
4.4.2. Fig 3E, add this to the bottom of screen to show with 3D, add the star/bars that extend from grey to red and grey to yellow at “facilitation” and add the other three star/bars at “abolished”.

5. Conclusion (said by authors on camera)
5.1. Agnes Thalhammer: Combining RNA interference with optogenetics allows researchers in the field of synaptic physiology to explore how presynaptic proteins regulate short-term synaptic plasticity in intact circuits.
5.2. Fanny Jaudon: After watching this video, you should have a good understanding of how to validate micro RNAs for RNA interference and how to combine them with optogenetics to investigate synaptic transmission in acute brain slices.

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.
Please create and list the names of the isolated panels from figures two and three. 
Also, list the names of all the screen capture files here as well, needed for the protocol sections. 
1) Fig 3C for points 3.7.1 and 3.11.1
2) Fig 3Dadjusted ONLY for point 3.13.1, not for results
3) Figure for point 3.5.2
4) Figure for point 3.6.3
5) Figure for point 3.14.2

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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