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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 numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 
2.3) Prepare the transfection solution immediately before adding it to the culture. To prepare, first combine CaCl2 and ddH2O while slowly agitating the tube. Continue agitating and slowly add DNA into the solution. Lastly, add 2X BBS buffer drop-wise while agitating. 

2.7.3) Add the Uaa Cmn (pre-mixed in 50 μL warm growth media) to the culture to reach 1 mM final concentration.

3.1.2) Install a light-emitting diode (LED) with emission of 385 nm by the microscope at the rig to deliver light to the focal point from 1 cm away at a 45 ° angle. Check the power of the LED with a light power meter.

3.5) Manually, or using the data acquisition software, flash a pulse (a single pulse of 100 ms – 1 sec duration) of the LED light to the neuron while recording, and see if action potentials are affected. 

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 to be filmed by their protocol numbers. (Please do not list an entire section.) ______________________

2.3) Prepare the transfection solution immediately before adding it to the culture. To prepare, first combine CaCl2 and ddH2O while slowly agitating the tube. Continue agitating and slowly add DNA into the solution. Lastly, add 2X BBS buffer drop-wise while agitating. 

3.1.2) Install a light-emitting diode (LED) with emission of 385 nm by the microscope at the rig to deliver light to the focal point from 1 cm away at a 45 ° angle. Check the power of the LED with a light power meter.
E.  Will the filming need to take place in multiple locations? (Y/N) __Yes_____ If yes, how far apart are the locations? ___In the same building, on the 6th floor and the 7th floor._______________________________________________ 
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 procedure is to optically control a neuronal protein’s function using a genetically encoded unnatural amino acid in neurons. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Ji-Yong Kang, Ph.D.: This method can help answer key questions about the contribution of a specific neuronal protein to neuronal signaling and brain function with spatiotemporal resolution. 

1.2. Ji-Yong Kang, Ph.D.: The main advantage of this technique is that it has the potential to be generally applied to various neuronal proteins in order to achieve optical regulation of different neuronal processes.   

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 Institutional Animal Care and Use Committee (IACUC) at the Salk Institute and the Tufts University.
Protocol (read by voice talent at JoVE):

2. Culture and calcium-phosphate transfection of rat hippocampal primary neurons
2.1. Begin this procedure by plating hippocampal neurons onto coverslips in a 24-well plate with 500 μL of growth media after filtering through a 40 μm nylon mesh [2.1.1-MED-over the shoulder-TXT].  After that, incubate the neuronal culture at 35 °C in a 5% CO2, 95% air humidified incubator for 2-3 weeks [2.1.2-MED].
2.1.1. Talent plates the hippocampal neurons onto the coverslips in a 24-well plate, Text: 1.0-1.5 X 105 cell/well
2.1.2. Talent places the culture in the incubator

2.2. On the day of transfection, make fresh 2.5 M CaCl2 solution in double-distilled water and sterile filter it with a 0.22 μm filter [2.2.1-MED-over the shoulder].  Next, make fresh 2X BBS at pH 7 and sterile filter it with a 0.22 μm filter [2.2.2-MED-over the shoulder].  After that, replace the culture growth media with 500 μL of freshly pre-warmed growth media, and do not discard the old media [2.2.3-CU].
It is preferred to write out the molecule name (“calcium chloride”), in case my chemistry isn’t right.
2.2.1. Talent filters the CaCl2 solution with 0.22 μm filter
2.2.2. Talent filters the BBS with 0.22 μm filter.  Text: BBS: BES-buffered Saline; See accompanying manuscript for composition
2.2.3. CU the culture as the media is replaced with 500 μL of fresh pre-warmed growth media

2.3. Prepare the transfection solution immediately before adding it to the culture by combining CaCl2 and double-distilled water while slowly agitating the tube [2.3.1-MED-over the shoulder].  Continue agitating the tube and slowly add DNA into the solution [2.3.2-CU].  Next, add 2X BBS buffer drop-wise [2.3.3-CU].
2.3.1. Talent combines CaCl2 and double-distilled water while slowly agitating the tube
2.3.2. *Film as written
2.3.3. *Film as written 
2.4. Ji-Yong Kang, Ph.D.: Preparation of 2X BBS buffer is a critical step in calcium phosphate transfection and it is a good idea to calibrate the optimal pH for 2X BBS buffer between pH 6.90 – 7.15 for new DNA constructs or preps [2.4.1-MED].
2.4.1. Interview style
2.5. Then, immediately add 30 μL of the transfection solution to each coverslip of the neuronal culture [2.5.1-MED-over the shoulder].  Rock the culture dish a few times to mix the solution [2.5.2-CU] and incubate it at 35 °C in a 5% CO2, 95% air humidified incubator for 45 min-1 hr [2.5.3-MED].  After about an hour, a layer of fine calcium phosphate precipitates should be observed covering the neurons [2.5.4-CU]. 
2.5.1. *Film as written
2.5.2. CU the culture dish as it is rocked a few times to mix the solution

2.5.3. Talent places the culture dish in the incubator

2.5.4. CU the culture as a layer of fine calcium phosphate precipitates is covering the neurons
To be submitted by authors. SCREEN shot to show a layer of fine calcium phosphate precipitates is covering the neurons
2.6. Next, replace the transfecting media with 500 μL of pre-warmed washing buffer [2.6.1-MED-over the shoulder-TXT] and incubate it at 35 °C in a 5% CO2, 95% air humidified incubator for 15-20 min [2.6.2-MED].  The calcium phosphate precipitates should disappear after the wash [2.6.3-CU]. 
2.6.1. *Film as written. Text: See the accompanying manuscript for washing buffer’s composition

2.6.2. Talent places the culture in the incubator

2.6.3. CU the culture as the calcium phosphate precipitates disappear
To be submitted by authors. SCREEN shot to show the calcium phosphate precipitates disappear
2.7. Now, replace the washing buffer with 500 μL of fresh growth media [2.7.1-MED].  Afterward, replace the growth media with the saved original media [2.7.2-MED].  Then, add pre-mixed unnatural amino acid Cmn in 50 μL of warm growth media to the culture that results in a 1 mM final concentration [2.7.3-CU-TXT].  Incubate the transfected culture at 35 °C in a 5% CO2, 95% air humidified incubator for 12-48 hours before recording [2.7.4-MED]. 

2.7.1. *Film as written
2.7.2. *Film as written
2.7.3. CU the culture as Uaa Cmn is added, Text: Uaa: unnatural amino acid; Cmn: 4,5-dimethoxy-2-nitrobenzyl-cysteine 

2.7.4. Talent places the culture in the incubator

3. Whole-cell recording with light activation 

3.1. In this procedure, prepare the extra- and intra-cellular solutions [3.1.1-CU].  In our setup, the LED with emission of 385 nm is installed next to the microscope to deliver light to 1 cm away from the focal point at a 45 ° angle [3.1.2-CU-TXT].  [3.1.3-MED-over the shoulder].
3.1.1. *Film as written
3.1.2. Videographer, please take footage of the setup and the setting of LED and microscope, Text: LED: light-emitting diode
3.1.2A CU the setting of LED and microscope
3.1.3. *Film as written 
3.2. Then, pull some patch pipettes with the glass electrodes using a micropipette puller [3.2.1-MED-over the shoulder-TXT].  Afterward, take a neuron culture’s coverslip from the incubator and rinse it once in the extracellular solution [3.2.2-MED-over the shoulder].  
3.2.1. Talent pulling a pipette using the pipette puller, Text: 3-6 MΩ pipette resistance
3.2.2. Talent rinses the coverslip in the extracellular solution
3.3. Perfuse the rig with external solution [3.3.0]. Subsequently, place the coverslip on the electrophysiology microscope platform [3.3.1-CU].  Using standard patch-clamping techniques, patch a neuron transfected with mCitrine (Pronounce “em-SI-treen”) fluorescence [3.3.2-CU].  
             3.3.0. Talent fill the external solution at the rig.
3.3.1. CU a coverslip as it is placed on the electrophysiology microscope platform
3.3.2. CU the micropipette as it is being lowered to the neuron

3.4. Next, record the neuronal activity using current clamp method and adjust the resting potential to around -72 mV [3.4.1-MED-over the shoulder].  Then, inject a step current to induce continuous firing of action potentials at 5-15 Hz [3.4.2-SCREEN-TXT].
3.4.1. Talent adjusts the resting potential to around -72 mV on the computer monitor

3.4.2. To be submitted by authors. SCREEN movie to show the injection of a step current which induces  continuous firing of action potentials at 5-15 Hz. Text: Step current: 10-200 pA

3.5. While recording, deliver singe LED pulses to the neuron and monitor the changes of its action potentials [3.5.1-SCREEN-TXT].  Then, add 0.5 mM BaCl2 to the bath [3.5.2-MED-over the shoulder] to recover the action potentials [3.5.3-SCREEN].

Single?
3.5.1. To be submitted by authors. SCREEN movie to show the delivery of the LED pulses and the changes of action potentials, Text: Single pulse duration: 100 ms-1 s

3.5.2. *Film as written
3.5.3. To be submitted by authors. SCREEN movie to show the recovery of action potentials

3.6. In the setting of acute brain slice, patch a neuron with mCherry/GFP fluorescence from the neocortical region [3.6.1-MED-over the shoulder].  Record PIRK (Pronounce as one word, rhymes with "perk") activity using the voltage clamp method by holding the membrane potential at -60 mV [3.6.2-MED-over the shoulder-TXT].  Then, record the currents at fixed negative membrane potentials or voltage ramps [3.6.3-SCREEN-TXT].  

3.6.1. Talent looking at the monitor which shows the pipette moving close to the neuron with mCherry/GFP fluorescence.
To be submitted by authors. SCREEN shot to show the pipette close to the neuron with mCherry/GFP fluorescence.
Videographer, if neuron is not shown on monitor, please use CU shot to film the pipette approaching the brain slice 

3.6.2. Talent adjusts the membrane potential to -60 mV on the computer monitor. Text: PIRK: photo-inducible inwardly rectifying potassium

3.6.3. To be submitted by authors. SCREEN movie to show the currents at fixed negative membrane potentials or voltage ramps being recorded.  Text: Fixed negative membrane potentials: -100 mV; Voltage ramps: -100 mV to +40 mV
3.7. Specifically, monitor the Kir2.1 (Pronounce “kur”) specific inward currents at -100 mV [3.7.1-SCREEN].  Then, deliver singe LED pulses to the neuron while recording and monitor if PIRK proteins are activated [3.7.2-SCREEN]. Once PIRK is activated, inward currents at -100 mV would increase significantly [3.7.3-SCREEN].  
Single?
3.7.1. To be submitted by authors.  SCREEN movie to show the Kir2.1 specific inward currents at -100 mV.

3.7.2. To be submitted by authors.  SCREEN movie to show the delivery of singe LED pulses to the neuron while recording 
3.7.3. To be submitted by authors.  SCREEN movie to show the increase in inward currents at -100 mV
3.8. At the end, add 0.5 mM BaCl2 to the bath [3.8.1-MED-over the shoulder] and verify if PIRK is inactivated [3.8.2-SCREEN].
3.8.1. *Film as written

3.8.2. To be submitted by authors.  SCREEN movie to show that PIRK is inactivated
4. Results: PIRK expression and activation in rat hippocampal neurons and mouse neocortex
4.1. Shown here are exemplary pictures of healthy rat hippocampal neuronal cultures [4.1.1-LM] and two healthy neurons exhibiting plump cell bodies and pronounced dendrites/axons [4.1.2-LM]. 
4.1.1. PIRK Figure 2 JoVE.tif: Show A

4.1.2. PIRK Figure 2 JoVE.tif: Add B

4.2. These are the DIC and fluorescence images of rat hippocampal neurons cultured in vitro and transfected for PIRK expression without Cmn [4.2.1-LM]. In the presence of 1 mM Cmn, transfected neurons are capable of expressing full-length PIRK-mCitrine proteins, thus showing green fluorescence [4.2.2-LM].

4.2.1. PIRK Figure 3 JoVE.tif: Show A and B

4.2.2. PIRK Figure 3 JoVE.tif: Show C and D

4.3. And here is an example of a single light pulse suppressing the activity of a PIRK-expressed hippocampal neuron [4.3.1-LM].
4.3.1. PIRK Figure 4 JoVE.tif: Show A, then add the highlighted arrow

4.4. These fluorescence images of mouse embryonic cortical neurons show the successful incorporation of Cmn into GFP and Kir2.1 proteins in vivo [4.4.1-LM]. 
4.4.1. PIRK Figure 6A JoVE.tif
4.5. In this graph, the light-dependent activation of PIRK is indicated in the currents recorded from the mouse neocortical neurons [4.5.1-LM].
4.5.1. PIRK Figure 6B JoVE.tif
5. Conclusion (said by authors on camera)

5.1. Ji-Yong Kang, Ph.D.: The implications of this technique extend toward therapy of brain diseases caused by malfunction of a specific neuronal protein, for example, the mutated Kir2.1 in Andersen-Tawil syndrome, because this technique helps uncover which brain circuitry is affected by Kir2.1 deficits.
5.2. Ji-Yong Kang, Ph.D.: Once mastered, this technique can be used to control neuronal protein’s function with light in high specificity directly in live neurons. 

5.3. Ji-Yong Kang, Ph.D.: After watching this video, you should have a good understanding of how to incorporate unnatural amino acids into proteins in neurons to achieve photo control over neuronal proteins of interest.

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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