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Title: Direct imaging of ER calcium with Targeted-Esterase induced Dye loading (TED)
Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  No__________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? Yes in steps: 5.1; 5.2; 5.3; 5.4; 5.5_________

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__4.1; 4.2; 4.3; 4.4; 4.6____
D.  What is the single most difficult aspect of this procedure and what do you do to ensure its success? 


It is crucial to avoid strong exposure of cells to excitation light as this would cause bleaching of the dye and phototoxicity. We use normal brightfield illumination to identify the cells and the 559 nm laser line to select cells expressing TED vectors.

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Conceptual Narrative:
The overall goal of the following experiment is to _visualize calcium dynamics directly in the lumen of the endoplasmic reticulum of living cells. (Intro).
This is achieved by transducing the cells with a targeted-esterase induced dye, or TED (pronounce “TED as in Teddy”), vector construct to overexpress carboxylesterase CES2 in the endoplasmic reticulum._ (C1, Editor, begin with the blue cell structure and plasma membrane, then bring in the TED (pronounce “TED as in Teddy”) vector, transfer it into ER of the cell, then replace it with the CES2 box). 
Next, the cells are incubated with the acetoxymethyl ester calcium indicator Fluo5N-AM, which diffuses through the plasma and ER membranes._ (C2, Editor, use the Fluo5N-AM text and bidirectional arrows beginning at the top of the cell and show the Fluo5N-AM get through the plasma membrane and then into the ER). 
Then, the carboxylesterase cleaves off the ester group, releases the calcium sensitive indicator in the ER lumen and fluorescent calcium complexes are formed (C3, Editor, add in the arrow and the CES2, then transition the ER to fluorescent green as you add in the Fluo5N/Ca2+ text).
Results are obtained that show changes in free calcium concentration in the ER based on live-cell imaging (C4, Editor, add in the gray cylinder to the ER membrane, show Ca2+ leaving the cell, and the fluorescent green transitioning to the lighter green).
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Robert Blum: This method can help answer key questions regarding the regulation of cellular calcium homeostasis. Calcium signals are most frequently monitored in the cytosol. Therefore, it cannot easily be distinguished whether Ca2+ is flowing into the cytosol from the extracellular space or from the intracellular ER calcium store. To overcome this limitation, we have developed targeted-esterase induced dye loading. With this method, calcium release from the ER is monitored directly. This approach is non-disruptive. The plasma membrane remains intact and intracellular signaling cascades are preserved.
1.2) Samira Samtleben: Generally, individuals new to this method will struggle, because they need experience in TED-vector expression. We developed vector constructs expressing a red fluorescent protein fused to the carboxylesterase CES2. This allows us to easily identify cells suitable for ER calcium imaging. During the experiments, we choose cells that are characterized by strong red fluorescence and moderate to strong calcium-indicator fluorescence. These labels should be evenly distributed throughout the endoplasmic reticulum, and are sparing out the nuclear region.

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Preparation Live Imaging

2.1. Before beginning, prepare artificial cerebrospinal fluid, or ACSF, and Fluo5N-AM according to the text protocol.  

2.1.1. WIDE Talent approaches bench with Fluo5N-AM 

2.1.2. MED/CU Talent places Fluo5N-AM down on bench (or on ice?) next to and ACSF
2.2. Prewarm the ACSF to room temperature and add D-glucose.  Aerate the ACSF with carbogen for 5 minutes then add 1 M stock solutions of CaCl2 and MgCl2 to final concentrations of 2 mM each (TEXT: aerate w/carbogen during experiment). 

2.2.1. MED/CU Talent adds D-Glucose to ACSF.
2.2.2. CU Talent removes carbogen tube from ACSF and adds CaCl2 then MgCl2
2.3. After starting the live imaging microscope and computer program, begin the perfusion on a dummy imaging chamber and equilibrate the tube system.
2.3.1. MED/CU Talent at microscope sets dummy imaging chamber on stage and equilibrates tube system
2.4. Prewarm the inline solution heater and the imaging chamber on the microscope stage and equilibrate the system to 32-37°C before starting the dye loading procedure.
2.4.1. MED/CU Talent turns on the inline solution heater and the heat for the imaging chamber

2.4.2. WIDE/MED Broll of system equilibrating
3. Dye Loading of Cells
3.1. To load dye into cells, add 100 µl of prewarmed ACSF to one 0.5 ul aliquot of 5 mM Fluo5N-AM and solubilize the solution in a water-bath sonicator for 90 seconds.
3.1.1. MED/CU Talent adds buffer to Fluo5N-AM
3.1.2. CU Talent places tube into waterbath sonicator and turns it on 

3.2. Transfer 400µl of prewarmed imaging solution to one well of a 4- or 24-well plate. Add the dye solution to the same well to produce 500 µl of a 5µM solution.
3.2.1. CU Talent pipettes solution to well of plate
3.2.2. CU Talent adds dye solution
3.3. Next, carefully place a coverslip with cells (TEXT: 10-18 mm diameter) in the well. Incubate for an appropriate period of time in a cell culture incubator at 37°C. 
3.3.1. CU Talent places coverslip of cells in well

3.3.2. WIDE Talent places plate into incubator

3.4. Talent: Dye-loading time and dye concentration depend on the cell type, cell density, and experiment-specific needs! Long incubation times in presence of the dye may harm the cells, especially primary neurons and primary glial cells and this is critical for the responsiveness to physiological stimuli. Long-incubation times (e.g. 30 min) will only be useful for ER calcium localization experiments to investigate the distribution of ER calcium in small subcellular structures, e.g. fine neurites or spines.
3.4.1. Talent reciting the above looking off camera
3.5. Immediately after the incubation, transfer the coverslip to another cell culture well containing imaging solution to prepare for mounting the cells in the imaging chamber.
3.5.1. CU Talent transfers coverslip to another well

3.5.2. CU Talent starts mounting cells in imaging chamber

4. ER-calcium Live Cell Imaging With an Inverted Laser Scanning Confocal Microscope
4.1. Use a paint brush to apply high vacuum grease to a imaging chamber. We use self-made imaging chambers for 10-12 mm coverslips with a small volume, thus allowing high perfusion speeds of up to 15-fold buffer exchange per minute. 
4.1.1. CU/ECU Talent applies high vacuum grease to imaging chamber

4.2. Pick up the coverslip with the Fluo5N-loaded cells and add a small drop of imaging solution to keep it wet, then turn the cover slip upside down and mount the cells into the imaging chamber. 
4.2.1. CU Talent picks up coverslip and adds a drop of imaging solution then turns it upside down and mounts it in chamber
4.3. Use a cotton swab to press the coverslip into the silicon glue and to wipe away residual buffer from the bottom of the glass cover slip.
4.3.1. CU Talent uses cotton swab to press coverslip into the silicon glue then wipes residual buffer from cover slip
4.4. Next, exchange the “dummy” imaging chamber with the experimental imaging chamber. Wash the cells for 5-10 minutes by continuous perfusion.

4.4.1. CU Talent exchanges imaging chambers

4.4.2. CU  of perfusion
4.4.3. ECU Buffer perfusing through chamber
4.5. For cell selection, use a minimal amount of laser illumination to prevent rapid photobleaching of Fluo5N/Ca2+ in the ER, a high scan rate of 2-4 hertz, a small image size, and a high gain.  Set up the microscope according to the planned experiment.
4.5.1. LAB MEDIA Table 1
4.5.2. MED Talent at scope setting up experiment
4.6. At the beginning of the experiment, document the cellular distribution of the Fluo5N/calcium label and the red fluorescent label of the red-carboxylesterase construct in your cell of interest, here representative neurons, by high-resolution x,y-z image stacks.
4.6.1. LAB MEDIA 50317_Blum_Movie3.avi - z-stack showing RedFP channel

4.6.2. LAB MEDIA 50317_Blum_Movie4.avi - z-stack showing Fluo5N channel (Editor, show movies 3 and 4 side-by side)
4.7. Perform x,y-t imaging to monitor ER calcium dynamics under the specific experimental conditions.  Typical settings for our system are listed in Table 2 of the text protocol.
4.7.1. MED OVER SHOULDER Talent scanning image

4.7.2. LAB MEDIA Table 2
4.8. Monitor changes in ER calcium under continuous perfusion with imaging solution.  Buffer exchange rates are 1.5 ml/min for cell washing and store-depletion by blocking the sarco/endoplasmic reticulum Ca2+ ATPase; and 3 ml/min for stimulation by ATP and DHPG, an agonist for the metabotropic glutamate receptor. Here, glial cells are stimulated with 200 µM ATP for 10 seconds.
4.8.1. LAB MEDIA Movie 1
5. Image Processing and Data Analysis
5.1. To process the images, open the image stack in the ImageJ program. For multicolor imaging, split the RGB channels when asked by the software.
5.1.1. SCREEN/LAB MEDIA 50317_Blum_Figure 10.tif
5.2. Identify the regions of interest. Depending on the purpose, draw regions of interest around either the complete ER or small regions of the ER. 
5.2.1. SCREEN/LAB MEDIA 50317_Blum_Figure 11.tif
5.3. Use the Time-Series Analyzer plugin to read out the average pixel intensity in a region of interest (Fraw). 
5.3.1. SCREEN/LAB MEDIA 50317_Blum_Figure 12.tif
5.4. Calculate the background-corrected relative changes in fluorescence by ΔF/F0 using this formula: 
5.4.1. TEXT on white background of the formula
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5.5. Present relative changes in fluorescence as a trace with ΔF/F0 for the Y-axis and time for the X-axis. 
5.5.1. SCREEN/LAB MEDIA 50317_Blum_Figure 13.tif
6. Representative Endoplasmic Reticulum Calcium Imaging Results-(second to last section)
6.1. In this figure, HeLa cells, cortical astrocytes and hippocampal neurons express a red fluorescent TED (pronounce “TED as in Teddy”) vector and are labeled with the low-affinity calcium indicator Fluo5N. The fluorescent Ca2+ indicator complex is localized to the endoplasmic reticulum of all cell types. 
6.1.1. LAB MEDIA: 50317 Figure 6 (Editor, point out the middle bottom panel with the VO)
6.2. This figure shows Fluo5N labeled glia cells during ionomycin treatment. A bright cytosolic labeling is seen, if a cell’s plasma membrane is damaged both before (blue arrow), and after (purple arrows) ionomycin treatment. This reveals that Fluo5N is also released in the cytosol by endogenous esterases.
6.2.1. LAB MEDIA: 50317 Figure 7
6.3. In this experiment, after TED (pronounce “TED as in Teddy”) labeling with Fluo5N, ER calcium depletion of cultured hippocampal neurons is caused by the SERCA (pronounce “Ser-ka”) blocker cyclopiazonic acid. Note the enormous change in mean fluorescence density per region of interest that is observed.
6.3.1. LAB MEDIA: 50317 Figure 8 (Editor, point out Figure 8b with the VO.)
6.4. Shown here is a time-lapse series with mouse cortical glia cells that are stimulated with ATP. The fluorescence abruptly drops and recovers representing ER calcium release and refill.
6.4.1. LAB MEDIA: 50317 Figure 9 (Editor, point out Figure 9A with the VO.)
6.4.2. LAB MEDIA: 50317 Movie 1 
6.5. Simultaneously, the fluorescence of the red fluorescent protein decreases marginally as a consequence of slight bleaching.
6.5.1. LAB MEDIA: 50317 Figure 9B (Editor, keep the whole figure up and zoom in on 9B with the VO)
6.6 
Diagrams showing the change in fluorescence intensity over time. In some (but not all) experiments the fluorescence values do not come back to the initial fluorescence intensity levels because some Fluo5N complexes are lost during stimulation.

6.6.1
LAB MEDIA: 50317 Figure 9C

6.7
This movie shows a carboxylesterase 2-infected BHK21 cell at high resolution, labeled by Fluo5N/calcium complexes and stimulated with ATP. Note that ATP-induced calcium release and ER calcium store-refilling is visualized in fine structures of the ER tubules.
6.7.1 LAB MEDIA: 50317 Movie 2

INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete: http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj 

7. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
7.1 Samira Samtleben: While attempting this procedure, it is important to remember that only perfectly healthy cells show physiological calcium responses. We therefore recommend to perform a series of interrelated calcium homeostasis experiments in one day with the same cell batch. Basing on our experience the dye Fluo5N works best, but this calcium indicator is not very bleach-resistant. Therefore this method would benefit from development of more bleach resistant low-affinity calcium indicators.

7.2 Robert Blum: After watching this video, you should have a good understanding of how to image ER calcium dynamics with synthetic low-affinity calcium indicators. These indicators enable you to monitor ER calcium transients with high temporal resolution. Thus, this method may be beneficial for the investigation of calcium signaling cascades involved in synaptic plasticity and to monitor changes of calcium homeostasis in neurodegenerative diseases.

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 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.  

Conceptual narrative – 50317_Blum_conceptual_narrative.ppt
6.1 – 50317_Blum_Figure 6.tif – different cell types labeled with Fluo5N using TED 

6.2 - 50317_Blum_Figure 7.tif – Fluo5N labeled glia cells during ionomycin treatment
6.3 – 50317_Blum_Figure 8.tif - ER calcium depletion of cultured hippocampal neuron with CPA

6.4 – 50317_Blum_Figure 9.tif - glia cells stimulated with ATP 
6.4 – 50317_Blum_Movie 1.mov – glia cells stimulated with ATP
6.5 – 50317_Blum_Figure 9B.tif - glia cells stimulated with ATP
6.6 – 50317_Blum_Figure 9C.tif - glia cells stimulated with ATP
6.7 – 50317_Blum_Movie 2.mov - BHK cells at high resolution stimulated with ATP
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.

( 2010, Journal of Visualized Experiments
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