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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (N)  
2. Does your protocol include software usage? (N)
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
2.1, 3.9, 3.10, 3.11
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. 
3.5 Maintain the cells at 37 degrees Celsius in a carbon dioxide incubator for 2 – 3 days [1], and change the culture medium to the maintenance medium [2].
5. Will the filming need to take place in multiple locations? (Y)
If yes, how far apart are the locations? 
2 min walk (in the same floor)


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.

Katsuhiko Mikoshiba: The dissection of Ca2+ signals at a subcellular resolution is one of the most important steps for decoding intracellular Ca2+ signals that determine the output biological phenomenon [1].

INTERVIEW: Named authors says the statement above while looking slightly off-camera.

Katsuhiko Mikoshiba: This protocol describes a new Ca2+ imaging method that enables the monitoring of the very moment of Ca2+ influx and Ca2+ release [1].

INTERVIEW: Named authors says the statement above while looking slightly off-camera.

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


Hiroko Bannai: This protocol is applicable to all cell types that allow the expression of genetically encoded Ca2+ indicators. We believe that our method has the potential to be expanded to the dissection of Ca2+ signals at subcellular resolution in living animals in the future [1].

INTERVIEW: Named authors says the statement above while looking slightly off-camera.


Hiroko Bannai: Helping to demonstrate the procedure will be Matsumi Hirose, a technician from our laboratory [1] [2].

Interview style: Author saying the above 
The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.





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

All the experiments described here were approved by the RIKEN safety committee and animal experiment committee, according to the guideline issued by the Japanese Ministry of Education, Culture, Sports, Science, and Technology. 


Section - Protocol
Preparation of Poly(ethyleneimine) Coated Coverslips
To begin this procedure, place an 18 millimeter diameter glass coverslip in each well of a 12-well plate [1]. Use sterilized water to prepare 12.5 milliliters of a 0.04 percent PEI solution for each 12-well plate being used [2-TXT].
MED: Talent approaches the work area and begins placing glass coverslips into the wells of the 12-well plate. 
2.1.1A [Added Shot]: picking up glass coverslips (Editor: Not sure if this shot needs to be used, though it likely could be used after 2.1.1 if the action flows smoothly)
MED: Talent prepares the PEI solution as described. TEXT: PEI: Poly(ethyleneimine).
Add 1 milliliter of the PEI solution to each well [1] and ensure that there are no bubbles underneath the coverslips [2]. Incubate overnight in a carbon dioxide incubator at 37 degrees Celsius [3].
MED: Talent adds PEI solution to each well.
CU: Close up of the plate, showing that there are no bubbles underneath the coverslips.
MED: Talent places the 12-well plate into an incubator.
The next day, use an aspirator to remove the PEI solution [1]. Add 1 milliliter of sterilized water to each well [2], and shake the plate so that the PEI solution between the coverslip and the plate is washed out thoroughly [3].
MED: Talent uses an aspirator to remove the PEI solution. [Shots 2.3.1 and 2.3.2 combined]
MED: Talent adds sterilized water to each well of the 12-well plate.
CU: Close up as the talent shakes the plate.
Repeat this wash process two additional times with fresh sterilized water [1]. After the final wash, aspirate the water from each well completely [2].
MED: Talent uses an aspirator to remove the water from the plate. Alternatively, any action in the wash process can be filmed for this shot.
CU: Close up as the talent aspirates the water from each well completely.
Inside the hood, use an ultraviolet light to dry and sterilize the coverslips for at least 15 minutes [1]. The PEI-coated dish can be stored at 4 degrees Celsius for up to 2 months [2]. When ready to proceed, illuminate the dishes with the ultraviolet light for 15 minutes just before use [3].
CU: Close up of the plate under the UV light. (Author Comment: please add some blue tint to this to make it look more like UV light)
MED: Talent places the dish into a refrigerator.
MED: Talent places the plate under the UV light in the hood.
Add 5 milliliters of sterile distilled water in the space between the wells to prevent evaporation of the culture medium [1].
CU: Close up as the talent adds the sterile distilled water to the space between the wells.
Preparation of Rat Cortical Neuron-astrocyte Mixed Culture and Frozen Cells, and the Revival of Frozen Cultures
First, wash the cortexes with incubation saline [1-TXT]. Then, incubate the cortexes with trypsin and DNase I [3.1.1A] in incubation saline for 5 minutes at 37 degrees Celsius [2-TXT].
MED: Talent washes the cortexes with incubation saline. TEXT: See text for details on preparing incubation saline; See text for details on obtaining cortexes. 
3.1.1 A [Added Shot]: add trypsin and DNaseI.
MED: Talent places the plate into an incubator. TEXT: Trypsin: 1.25 mg/mL; DNase I: 0.25 mg/mL.
Then, wash the cortexes three times with ice-cold incubation saline [1]. Remove the supernatant and add 2 milliliters of plating medium supplemented with 150 microliters of DNase I stock [2]. Dissociate the cells by pipetting 20 times or less [3], and filter the cells through a cell strainer with a pore size of 70 microliters [4].
MED: Talent washes the cortexes with ice-cold incubation saline. 
3.2.1 A [Added Shot]: replace medium (Editor: I don’t believe this shot needs to be used)
MED: Talent adds the supplemented plating medium to the cortexes. The supernatant can be removed prior to this shot.
CU: Close up as the talent pipets the mixture up and down repeatedly.
MED: Talent filters the cells through a cell strainer. [Shots 3.2.4 and 3.3.1 combined]
Next, wash the cell strainer with 20 milliliters of the plating medium [1]. For the preparation of frozen cell stock, wash the cells with 20 mL of the wash medium [2].
MED: Talent washes the cell strainer with plating medium.
MED: Talent washes the cells with wash medium. (Editor: The authors struck out this shot, but I’m unsure if they want to keep the VO.)
Dilute the cortical cells with plating medium to a density of 140,000 viable cells per milliliter [1]. Then, add 1 milliliter of the diluted cell suspension to the PEI-coated coverslips in the 12-well culture plates [2].
MED: Talent dilutes the cortical cells with plating medium as described.
MED: Talent adds the diluted cell suspension to the PEI-coated coverslips in the 12-well culture plates.
Maintain the cells at 37 degrees Celsius in a carbon dioxide incubator for 2 – 3 days [1]. When the cells are stable 2 – 3 days after plating, change the culture medium to the maintenance medium [2-TXT]. For the preparation of frozen cell stock spin down the cell using a swing rotor to centrifuge the cells at 187 x g for 3 minutes [3].
MED: Talent places the 12-well plates into an incubator.
MED: Talent changes the culture medium to the maintenance medium. TEXT: The timing of the medium change should not affect results.
MED: Talent uses a swing rotor to centrifuge the cells.
Aspirate the supernatant and add the cryopreservation medium, kept at 4 degrees Celsius, to obtain a cell density of 10 million cells per milliliter [1]. Aliquot 1 milliliter of the cell suspension into cryogenic tubes [2].
MED: Talent adds cryopreservation medium to the cells. The supernatant can be removed prior to this shot. [Shots 3.6.1 and 3.6.2 combined]
MED: Talent aliquots the cell suspension into cryogenic tubes.
Place the tubes into a cell-freezing container with a freezing rate of -1 degree Celsius per minute until a temperature of -80 degrees Celsius is reached [1]. Transfer the freezing container to a freezer at -80 degrees Celsius [2-TXT].
MED: Talent places the tube into a cell-freezing container.
MED: Talent transfers the cell-freezing container to a freezer. TEXT: Cell can be stored for at least 3 months at  -80 °C.
To revive the frozen cells, pre-warm the wash medium and the maintenance medium for frozen cortical cells [1]. Next, thaw the frozen cells rapidly in a water bath a 37 degrees Celsius [2].
MED: Talent retrieves a pre-warmed medium from the incubator.
MED: Talent places the frozen cells into a water bath.
Dilute the cells gently with pre-warmed wash medium [1], and centrifuge with a swing rotor at 187 x g for 3 minutes [2]. Re-suspend the pellet in 1 milliliter of wash medium and measure the viable cell density [3].
MED: Talent dilutes the cells with pre-warmed wash medium.
MED: Talent uses a swing rotor to centrifuge the cells.
MED: Talent re-suspends the pellet in wash medium.
Then, dilute the cells with the maintenance medium for frozen cortical cells to yield a cell density of 300,000 cells per milliliter [1]. Seed 1 milliliter of this cell suspension into the wells of the PEI-coated 12-well plates [2].
MED: Talent dilutes the cells with the maintenance medium for frozen cortical cells.
MED: Talent seeds the cell suspension into the wells of the PEI-coated 12-well plates.

Transfection and Adeno-associated Virus Infection of Hippocampal or Cortical Neurons
For transfection 3 – 8 days after plating, label two tubes [1], one for plasmid DNA and the other for the transfection reagent [2]. Add 50 microliters of reduced serum medium per well to each tube [3].
MED: Talent sets out two tubes.
CU: Close up as the talent labels the two tubes.
 MED: Talent adds reduced serum medium to the tubes.
Add 0.5 micrograms of plasmid DNA per coverslip and 1 microliter of supplement accompanied by transfection reagent for neurons per well to the plasmid DNA tube [1]. For the co-transfection of Lck-RCaMP2 (“L-C-K R-camp-two”) and OER-GCaMP6f (“O-E-R G-camp-six-F”), mix 0.5 micrograms of each plasmid and 1 microliter of supplement in 50 microliters of reduced serum medium per well [2].
MED: Talent adds plasmid DNA, Lck-RCaMP2 and OER-GCaMP6f and supplement accompanied by transfection reagent for neurons to the plasmid DNA tube. [Shots 4.2.1 and 4.2.2 combined] (Author Comment: Added CU shot 4.1.1 .4.2.2 A)
MED: Talent adds the Lck-RCaMP2 and OER-GCaMP6f plasmids to the other tube.
Next, add 1 microliter of transfection reagent per well to the transfection reagent tube [1]. Add the same amount of transfection reagent to the tube for co-transfection [2]. Vortex both tubes for 1 – 2 seconds [3].
MED: Talent adds transfection reagent to the transfection reagent tube.
MED: Talent adds transfection reagent to the co-transfection tube (Editor: The authors struck out this shot, but I’m unsure if they want to keep the VO.)
MED: Talent vortexes the tubes.
Then, add the transfection reagent mixture to the DNA mixture [1]. Gently pipet to mix [2], and incubate at room temperature for 5 minutes [3].
MED: Talent adds the transfection reagent to the DNA mixture.
CU: Close up as the talent pipets the solution to mix.
MED: Talent sets the tube aside on the lab bench to incubate at room temperature.
Load this mixture onto the cells in a drop-wise manner [1]. Incubate in a carbon dioxide incubator for 2 – 3 days until the marker proteins are expressed [2].
MED: Talent adds this mixture to the cells in a drop-wise manner. 
4.5.1 A [Added Shot]: shaking (Editor: The authors may need to provided additional VO for this shot)
MED: Talent transfers the cells to an incubator.
Mix L and O to make the AAC infection [4.6.0], add 3 microliters of AAC per well to the mixed neuron-astrocyte culture [1-TXT]. Gently rock the dish to mix [2]. For the double infection of Lck-RCaMP2 and OER-GCaMP6f, introduce 3 microliters of each AAV per well [3]. 
4.6.0. [Added Shot]: Add 4.6.0 mix Land O
MED: Talent adds AAC to the mixed neuron-astrocyte culture. TEXT: Determine the optimal AAV amount for injection in case there are insufficient cells expressing GECIs. Video Editor: Leave this text overlay up for all of 4.6.
CU: Close up as the talent rocks the dish.
MED: Talent adds AAC to the double-infection cells. (Editor: The authors struck out this shot, but I’m unsure if they want to keep the VO.)
Maintain the culture for 1 – 2 weeks until the GECIs are expressed [1].
MED: Talent places the cultures into an incubator.
Recording Spontaneous Activities of Astrocytes Expressing Lck-RCaMP2 and OER-GCaMP6f 
First, mount the coverslip containing the cells transfected with Lck-RCaMP2 and OER-GCaMP6f into the recording chamber of the microscope [1] Add 400 microliters of the imaging medium [2], and place a lid on top of the chamber [3].
MED: Talent mounts a coverslip into the recording chamber of the microscope. [Shots 5.1.1 and 5.1.2 combined]
MED: Talent adds the imaging medium to the chamber.
MED: Talent places a lid on top of the chamber.
Choose the filter set for GCaMP6f and the light source [1]. Locate the astrocytes expressing OER-GCaMP6f [2].
CU: Talent chooses the filter set and light source. Videographer: The color of the light leaking from the objective lens reflects the filter and the light source. Showing the microscopic stage with appropriate excitation condition (blue light) is what should be captured here. (Author Comment: please use take 2 shot later.)
5.2.1 A [Added Shot]: CU of blue light. (Editor: This shot can be used alongside or instead of 5.2.1, whichever looks better)
SCREEN: *To be provided by authors: Talent locates the astrocytes. Authors: Please upload all screen capture videos to your project page. Videographer: If there is any difficulty recording the screen capture, please film the talent moving the stage and adjusting the focus as they locate the astrocytes. (Author Comment: Screen capture has been uploaded.
GoodSerachingCellbyBlueLight.mov)
Next, choose a filter set and light source for RCaMP2 [1-TXT], and confirm whether Lck-RCaMP2 is expressed in the same astrocytes [2].
CU: Talent chooses the filter set and light source. TEXT: Avoid long expose to the light source to prevent photobleaching. Videographer: The color of the light leaking from the objective lens reflects the filter and the light source. Showing the microscopic stage with appropriate excitation condition (green light) is what should be captured here.
SCREEN: *To be provided by authors: Talent confirms that the astrocytes is also expressing Lck-RCaMP2. Authors: Please upload all screen capture videos to your project page. Videographer: If there is any difficulty recording the screen capture, please film the talent at the microscope/computer as they confirm that the astrocytes are also expressing Lck-RCaMP2. (Author Comment: Screen capture has been uploaded. ExpressionCheckbyGreenLight.mov)
Record time-lapse images of Lck-GCaMP2 at 2 Hertz for 2 minutes and save the imaging data [1]. After this, change the filter set back to that for GCaMP6f [2]. Record time-lapse images of OER-GCaMP6f in the same field of view, at 2 Hertz for 2 minutes [3]. Then, save the imaging data [4].
SCREEN: *To be provided by authors: Talent started recording a time-lapse video. Authors: Please upload all screen capture videos to your project page. Videographer: If there is any difficulty recording the screen capture, please film the talent at the microscope/computer begin recording the time-lapse video.
(Author Comment: please use the cell  in Video 2 if necessary.)
MED: Talent changes the filter set back.
SCREEN: *To be provided by authors: Talent started recording another time-lapse video. Authors: Please upload all screen capture videos to your project page. Videographer: If there is any difficulty recording the screen capture, please film the talent at the microscope/computer begin recording the time-lapse video. (Author Comment: please use the cell in Video 3 if necessary.)
MED: Talent saves the data.



Section – Results
Results: Dissection of Local Ca2+ Signals in Cultured Cells
In this study, Lck-RCaMP2 and OER-GCaMP6f are expressed in HeLa cells and both signals are recorded simultaneously using image-splitting optics 24 hours after transfection [1]. Upon the addition of Histamine, the signal intensity of Lck-RCaMP2 and OER-GCaMP6f increased [2].
LAB MEDIA: Figure 3. Video Editor: Show only Figure 3B.
LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3B. Emphasize the images in both rows that occur from 0 s to 2.5 s (the images under the “+1 µM Histamine (His)” header).
The time courses of calcium ion elevation reported by Lck-RCaMP2 and OER-GCaMP6f are compared in the same region of interest [1]. Both sensors report an oscillation-like calcium ion elevation [2], and both show the same time course in two of the five cells examined [3].
LAB MEDIA: Figure 3. Video Editor: Show only Figure 3C.
LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3C.
LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3C. Emphasize the ROIs numbered 1 and 3.
However, the calcium ion elevations shown by Lck-RCaMP2 remain at the higher level than OER-GCaMP6f in the other cells [1]. These results indicate that calcium ion elevation is prolonged in the vicinity of the plasma membrane, while it is terminated earlier around the ER, which is the source of this calcium ion signal induced by histamine stimulation [2].
LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3C. Emphasize the ROIs numbered 2, 4, and 5.
LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3C. Hold on this figure for the remaining voiceover narration.
Spontaneous calcium ion signals from astrocytes [1] in the neuron-astrocyte mixed culture from rat hippocampi [2] and cortexes are shown by Lck-RCaMP2 and OER-GCaMP6f [3]. Spontaneous calcium ion elevations are visible only at the astrocytic process, not at the cell body, which is consistent with previous reports [4].
LAB MEDIA: Figure 4.
LAB MEDIA: Figure 4. Video Editor: Emphasize the images for Figure 4A.
LAB MEDIA: Figure 4. Video Editor: Emphasize the images for Figure 4B.
LAB MEDIA: Figure 4.
Spontaneous calcium ion elevations by Lck-GCaMP6f in immature rat hippocampal neurons are seen at 2 Hertz [1]. The time courses for 5 different regions of interest suggest that these elevations are locally confined to the subcellular domains [2].
LAB MEDIA: Figure 5. Video Editor: Show only Figure 5A.
LAB MEDIA: Figure 5. Video Editor: Still show only Figure 5A.
Mature mouse hippocampal neurons infected with OER-GCaMP6f-expression AAV vectors show calcium ion responses in response to the addition of DHPG [1].
LAB MEDIA: Figure 5. Video Editor: Show only Figure 5B.



Section - Conclusion
Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
Hiroko Bannai: For Ca2+ imaging, the excitation illumination power is the most critical factor. Keep the excitation light as low as possible to avoid photobleaching and phototoxicity [1].

INTERVIEW: Named authors says the statement above while looking slightly off-camera.
[bookmark: _GoBack]Hiroko Bannai: The source of Ca2+ signal can further be confirmed by pharmacology, using specific inhibitors to Ca2+ channels.

INTERVIEW: Named authors says the statement above while looking slightly off-camera.
Hiroko Bannai: Decoding Ca2+ signals to evoke specific outputs has been a fundamental biological question. This Ca2+ imaging techniques paved the way to describe the diversity of intracellular Ca2+ signals [1].

INTERVIEW: Named authors says the statement above while looking slightly off-camera.
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