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Abstract

Calcium imaging is a common technique that is useful for measuring calcium signals in cultured cells. Calcium imaging techniques take advantage of calcium indicator dyes, which are BAPTA-based organic molecules that change their spectral properties in response to the binding of Ca2+ ions. Calcium indicator dyes fall into two categories, ratio-metric dyes like Fura-2 and Indo-1 and single-wavelength dyes like Fluo-4. Ratio-metric dyes change either their excitation or their emission spectra in response to calcium, allowing the concentration of intracellular calcium to be determined from the ratio of fluorescence emission or excitation at distinct wavelengths.  The main advantage of using ratio-metric dyes over single wavelength probes is that the ratio signal is independent of the dye concentration, illumination intensity, and optical path length allowing the concentration of intracellular calcium to be determined independently of these artifacts. One of the most common calcium indicators is Fura-2, which has an emission peak at 505 nM and changes its excitation peak from 340 nm to 380 nm in response to calcium binding.  Here we describe the use of Fura-2 to measure intracellular calcium elevations in neurons and other excitable cells.  

Script:

0. Schematic Overview (Read by voice talent):
Calcium signals play a key role in a wide variety of cellular processes including gene expression, survival, motility, and differentiation. Calcium imaging allows us to study the movement of calcium ions into and out of the cytoplasm in response to a variety of physiological stimuli. The procedure begins with loading the cells with Fura-2 AM by incubating the cells for 30 min at 37 degrees celsius in the presence of Fura-2 AM. The cells are then transferred to Fura-2 free media,  mounted into a perfusion chamber and placed on a fluorescence microscope. Once on the microscope, the cells are alternatively excited with light of 340 and 380 nm and time-lapse images of the emission at 505 nm are collected.  The intracellular calcium concentration of the cells is then calculated from the ratio of the images collected with 340 and 380 nm light excitation.
Before stimulation, the neurons have a low intracellular calcium concentration and are bright when excited at 380nm and dim at 340nm. Upon stimulation with potassium chloride to activate calcium channels, the 340/380 ratio increases indicating an increase of intracellular calcium. 340/380 ratios for each cell in an image are measured from the timelapse images using a region of interest tool. This data is then transferred to an analysis program like Igor Pro that allows us to convert the ratios into intracellular calcium concentrations using previously collected calibration standards. Calcium imaging is a valuable tool to study the regulation of intracellular calcium in real time and its regulation of signaling cascades.  

I. Introduction (said by researcher to cam)

I.1- “Hi I’m _Odmara Barreto_______ from the Laboratory of _Ricardo Dolmetsch______ in the Department   of_Neurobiology_____ at Stanford University.   

I.2-Today we will show you a procedure for _measuring intracellular calcium elevations in neurons_____

I.4- So let’s get started…

OR…..
II. Protocol (read by voice talent) – 

Part 3: Loading Cells with Fura-2 Calcium Dye
3.1  The cortical neurons used for this calcium imaging procedure can be grown using established techniques but should be plated on 15mm, #1 glass coverslips because low fluorescence imaging of live cells is best achieved with high numerical aperture objectives that require oil. In addition, we pre-coat the glass coverslips with polyornithine and laminin in order to prevent the cells from detaching or moving during imaging experiments. 

Shots:

1. Bright-field microscopy image of cortical neurons

2. Shot of cortical neuron culture on glass coverslips

3. Florescence microscopy image of cells

4. Use shot 4.5.1 (dropping oil on objective)

5. Polyornithine/laminin reagent

6. Movie of calcium imaging

3.2 A variety of physiological solutions including cell culture media can be used for calcium imaging experiments. However, make sure that the solutions are free of phenol red, which greatly increases the fluorescent background. For cortical neurons, we use Tyrodes solution which mimics cerebrospinal fluid and we supplement it with 0.1% Bovine Serum Albumin. 

Shots:

1. Wide shot of various calcium-imaging “friendly“ physiological solutions

2. Bottle of cell culture media which contains phenol red (place “X” over bottle, etc. in post)

3. Bottle Tyrodes solution + 0.1% BSA  

3.3 To begin the cell loading step, prepare a 1mM stock of acetoxy-methyl-ester Fura-2, or Fura-2 AM. To do this, add 50uL of DMSO to a 50ug vial of Fura-2 AM. It is important to use dry DMSO packed under nitrogen and it is necessary to remove the DMSO with a needle by puncturing the septum to prevent hydration of the DMSO.
Shots:

1.  Vial of already-prepared 1mM Fura-2 AM stock

2. Adding 50 uL DMSO to vial of Fura-2, bottle of DMSO in background

3. CU of DMSO bottle labeling showing that it’s packed under N2 

4. Puncturing septum of DMSO bottle

3.4 When not in use, keep the Fura-2 AM solution in a dark dry place.  Fura-2-AM in DMSO is stable at room temperature for 24 hours. It is also stable at -20 degrees for several months.
Shots:

1. Talent placing the Fura-2 AM stock in dark dry place

2. Use shot 3.3.1

3. Talent placing the Fura-2 AM stock at -20

3.5 Next, aliquot 2 mls of culture media into a 15 ml conical tube that has been warmed to 37 Celsius. Then add 2ul of Fura-2 AM stock to generate a 1uM Fura-2 AM solution. Vortex the solution vigorously for a couple of seconds.
Shots:

1. Pipetting 2mls of media into 15ml tube with Fura-2 in background,  (tube exits frame) 

2. 
3. Adding 2uL of Fura-2 AM stock 

4. Vortexing tube

3.6  Transfer this loading solution to a 35 mm tissue culture dish. Using forceps, place the coverslip with the cortical neurons into the dish.
Shots:

1. CU of pipetting solution to 35 mm dish, “loading solution” written on lid of dish

2. Wider shot showing transfer of cortical neuron coverslip from original culture to 35mm dish

3.7 Incubate the neurons at 37 degrees for 30 minutes in a dark incubator.  Time the incubation precisely.
Shots:

1. Placing dish in 37C incubator 

2. CU of timing counting down from 30 minutes

3.8 During the incubation, prepare another 35 mm tissue culture dish containing 2 mls of tissue culture media without Fura-2 AM. When the incubation is complete, remove the coverslip from the loading solution and place in the new dish.

Shots:

1. Pipetting Fura-2 free media in 35 mm dish. “no Fura-2”, written on lid of dish  

2. Transferring coverslip from loading solution to new dish 

3.9 After immersing the coverslip in Fura-2 AM-free media, mount it onto an imaging chamber.  We use the RC-20-H imaging chamber by Warner Instruments.  Apply vacuum grease to both sides of the chamber. Then place the coverslip onto the chamber and gently press it into position. Then flip the chamber over and place a second, unused coverslip onto the chamber.  Next, screw in the side clamps. Then insert the coverslip retainer ring.    
Shots:
1. Shot of chamber components
2. Apply vaccum grease, 
3. Mounting coverslip and assemblying chamber
4. Warner Instruments packaging




3.10 Once the cells are mounted and the imaging chamber is assembled, proceed with the calcium imaging step

Shots:

1.  Use shot 4.15.3 (Calcium images being collected) 

Part 4: Calcium Imaging of Cells
4.1  For calcium imaging of cells, we use an inverted Nikon Eclipse TE2000-U microscope equipped with a xenon arc lamp (Sutter Instruments), an automated stage (Ludl), an excitation filter wheel (Ludl), and a cooled charge-couple device (CCD) camera (Hamatsu Orka II). The microscope is controlled by a Macintosh computer running Open Lab software (Improvision)
Shots:

1. Nikon microscope

2. Sutter xenon arc lamp

3. Use footage from 4.13.5 automated stage moving to each field, collecting ratio images

4. CCD camera

5. Computer monitor, opening up the Open Lab software program

4.5 To begin imaging, place a drop of oil on the objective. For imaging we use 40, 60 or 100x Nikon Fluor oil immersion objectives with an NA exceeding 1.2.  
Shots:

1. Placing drop of oil on objective

2. CU on 40X 60X 100X labeling on objective (or some microscope images at 40x,60x,100x)

3. CU on NA > 1.2 inscription on objective

4.2  Then calibrate the automated microscope stage to ensure that the appropriate coordinates are found.

Shots:

1. Pressing calibrate 
2. Stage moving

4.3 (Slated as 3.8.0) Next, load Tyrodes solution into the input line taking care to prevent the formation of air bubbles.
Shots:

1.  Loading Tyrodes into input line 

4.4 Then connect the chamber to the input perfusion lines and perfuse Tyrodes solution through the chamber. Again, take care to avoid the formation of bubbles in the chamber. 

1. 
2. 
3.9 Then connect the chamber to the input perfusion lines and perfuse Tyrodes solution through the chamber. Perfuse slowly to avoid the formation of air bubbles in the chamber.  Now, secure the chamber on the microscope stage and install the output perfusion line, which is connected to a suction line.  Apply the input solution to confirm that the perfusion lines are connected. You should hear the input solution being aspirated into the output line.
Shots:

3.9.5 ( 3.9.7 installing input perfusion tube , perfusing solultion through chamber, placing chamber on stage, installing output line, testing to make sure to lines were connected properly by applying some input solution.
4.5  After connecting the perfusion lines, focus on the cells using transmitted light. 

Shots:

5. 



Microscopy image of cells (create out of focus effect in post)
4.6 Once the cells are in focus, open the fluorescence shutter and look through the eyepieces to examine the fluorescence of the cells using illumination at 340 and 380 nm wavelengths.  Resting cells should be dim at 340 and bright at 380.  To prevent phototoxicity, the intensity of the excitation light should be reduced with a neutral density filter and cells should not be illuminated with UV light for more than 10 or 15 seconds. 
Shots:

1. Opening fluorescence shutter and looking through eyepiece

2. SCOPE: cells illuminated at 340nm

3. SCOPE: cells illuminated at 380nm, then apply neutral density filter

4. Talent apply the neutral density filter

5. Talent turning off UV light

4.7  Now, examine the cells using the camera and set the gain and exposure of the camera to generate an image that is close to saturation when illuminated at 380 nm and well below saturation when illuminated at 340 nm.  Keep the exposure time at 200ms or shorter if possible. Once set, do not change the camera gain or exposure.
Shots:

1. Examining the cells using camera (viewed via a computer monitor? yes)

2. CU adjusting gain and exposure settings (done via computer software? yes)

3. 380nm image reaching saturation

4. 340nm image adjusted to be well below saturation

5. CU Adjusting exposure setting to be shorter & below 200ms

6. Shot of final gain and exposure numbers (maybe have talent do a thumbs up)   

4.8 Collect an image at each wavelength and use the region of interest tool, or ROI tool, to measure the background intensity in a variety of locations for each wavelength.
Shots:

1. Wide shot of talent looking a collected image with keyboard mouse in hand

2. CU of keyboard mouse as ROI is being selected 

3. CU of using ROI tool to measure background at several places

4.9  Calculate the average of the background values and then enter the background values into the appropriate locations in the imaging program. The background intensity will be subtracted from each pixel in the field.
Shots:

1. Calculating average of background value (talent with pen, paper, calculator OR using computer to calculate)

2. Entering average background values into imaging program

3. 
4.10  Next, enter the maximum and minimum ratio values, or Rmin and Rmax, which were determined previously. 

1. 
2. 
3. 
4. 
4.11 After obtaining a good ratio image, determine the lowest ratio of any cell in the field and then set the minimum ratio value, or RMin, to be about 10% below that lowest ratio.


1. 
2. 
4.12 Then set the maximum ratio value, or RMax, to be about 12 times the RMin. Do not change the RMin or RMax between experiments that you plan to compare, as it will make the comparison difficult.


1. 
2. 
4.13 Once the RMin and RMax are set, choose the fields that you plan to image and then use the automated stage to record the location of each field into the software program. We generally collect five fields of view. During an experiment the automated stage moves to a field, collects a ratio of the images at 340 and 380nm, moves on to the next field until it returns to the first field.  So if you need to collect images quickly, then only collect ratio images from a single field.
Shots:

1. Choosing desired fields to image

2. Use shot 4.13.5 (assuming this looks identical to step 4.13.5)

3. Recording location into program

4. Show five fields of view: use still images
5. 
6. 
4.14 After recording the field locations, set up the time-lapse interval between 0.1 and 10 seconds depending on the kinetics of calcium signals that you expect to collect.


1. 
2. 
4.15 Now, start the experiment and collect images. Note: When testing the calcium imaging system it is often useful to use high concentrations of stimuli that will cause an intracellular calcium rise, such as 65 mM potassium or 2uM ionomycin.  Calcium free extracellular solution that will that reduce the extracellular calcium concentration are also useful, such the calcium-chelating buffers EGTA and BAPTA.

Shots:

1. Pressing start

2. Automated stage moving to each field, collecting ratio images (shoot whole process or at least 2 or 3)

3. Calcium images being collected (are you able to see the images as they are collected? yes)

4. Potassium solution or Ionmycin packaging

5. 
4.16 Once the experiment is complete, proceed with the results analysis

Shots:

1.  Use footage from shot 5.4

Part 5: Results Analysis
5.1  To analyze the results of the experiment, convert the set of ratio images into time-lapse calcium measurements for individual cells or regions of interest within cells. 

Shots:

1. Movie of calcium imaging 

2. Image of chart showing results of time-lapse [Ca] measurements (?)

5.2 To do this, use the ROI tool to define the areas of the ratio image in which you want to measure calcium.  It is generally useful to have at least one ROI that covers the cell body of the cell. 
Shots:

1. Defining ROI’s

2. Creating ROI covering cell body

3. 
4. 
5.3  Once the ROI’s are defined, use the software to collect time-lapse ratio measurements for each ROI in each image.
Shots:

1. Collecting time-lapse ratio measurements for ROI’s

5.4 Import the ratio measurements into an analysis program, such as Igor Pro, in order to convert the ratio measurements into intracellular calcium values. We use a set of macros written in Igor Pro to help us carry out the analysis.  

Shots:

1. Ratio measurement in Igor Pro. 

2. Running macro to convert measurements to [Ca2+] values

5.5 

1. 
2. 
3. 
III. Representative Results/Outcome –  
Calcium imaging movie and Igor data analysis
This is a calcium imaging movie of Fura-2 loaded neurons stimulated with potassium chloride. The image is pseudo-colored so that low Fura-2 ratios, which correspond to low calcium concentrations, are blue and high ratios, which correspond to high calcium concentrations, are yellow and red. Resting neurons are blue but upon depolarization with potassium chloride which opens voltage gated calcium channels, calcium rises and the Fura-2 340/380 excitation ratio increases causing the neurons to become yellow and red. The calcium is then removed from the cytoplasm, which causes the cells to become blue again. These images were analyzed and the ratio values were converted to calcium concentrations using a simple equation and the program Igor Pro.

V. Conclusion (Said by researcher to cam)

C.1 – “We’ve just shown you how to perform Calcium Imaging of Cortical Neurons using Fura-2 AM

C.2-  “When doing this procedure it’s important to remember to ____

· not use tissue culture plastic since it is often fluorescent at ultraviolet wavelengths, which makes imaging difficult.

Shot: cell cultures in plastic tissue culture plates 

· also, to avoid creating air bubbles when perfusing solution through imaging chamber
· Shot: C.2B
C.3 – “So that’s it.  Thanks for watching and good luck with your experiments”



1. 
















�How long do you keep it in this media?


�Please add a brief sentence that describes how to mount the first coverslip


�Only include the calibration technique that you will demonstrate in the video. Will you use in vivo or home made in vitro or the in vitro kit?


�Do you measure the RMin, RMax and Sf*Kd OR do you derive them?


�Please add two or three brief points here. 





