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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  

Can you record movies/images using your own microscope camera? (Y/N)_____Y____  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: ___

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____Y____ 

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 electroporation of labeled miRNA; 3.2 selecting a cell cluster for FRAP; 3.5 choose target cell and reference cell, 3.8/3.9 create maximum projection to obtain FRAP data _
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.) ______
3.2 Since fluorescence recovery in FRAP measurements depends on the influx of miRNA from adjacent cells, it is important that the bleached cells has similar number of connected cells. Only this would allow reliable comparison of fluorescence recovery rates of different FRAP measurements.
3.4/3.6 It is important to select mild bleaching parameters and image acquisition conditions for FRAP measurement. Preliminary bleaching experiments are required to determine optimal parameters._____________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? (Y/N) ____Y___ If yes, how far apart are the locations? ___2km__

1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to investigate the gap junction dependent transfer of microRNA in living cardiomyocytes. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. H. Lemcke: This method can help to address the role of miRNAs for the intercellular signal transduction system. 
1.2. H. Lemcke: The main advantage of this technique is that the gap junctional exchange of microRNA can be visualized and quantified in live cells with high spatio-temporal resolution. 
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving involving neonatal mice were performed per the ethical guidelines for animal care of the Rostock University Medical Centre.
Protocol: (read by voice talent at JoVE)
2. Transfection of Cardiomyocytes with Fluorescently Labeled miRNA 
2.1. After isolating cardiomyocytes according to the text protocol [1-WIDE], plate the cells on 6-well plates at a density of 3 x 105 cells/cm² [2/3-MED/CU]. Incubate the cells overnight at 37 °C and 5% CO2 [3-WIDE]. 
2.1.1. Talent under cell culture hood places cells down on bench WIDE
2.1.2. Talent fills medium into plate
2.1.3. Talent plates cells on 6-well plates
2.1.4. Talent places cells into incubator
2.2. The following day, add 0.5% trypsin to the cells and incubate the cultures for 5 minutes to detach the cells [1-MED-TXT].  Inactivate the trypsin by adding cell culture medium [2-CU].
2.2.1. Talent adds trypsin to cells (TEXT: 37 (C)
2.2.2. Talent adds cell culture medium to cells to inactivate trypsin
2.3. After counting the cells, centrifuge them at 300 x g for 10 minutes [1-MED-TXT].  Then use electroporation buffer to resuspend the cells at 4 x 105 cells per 100 (L [2-CU].  
2.3.1. Talent places cells into centrifuge and sets speed and time (TEXT: Refer to the text protocol)

2.3.2. Talent resuspends cells in electroporation buffer

2.4. Next, mix 100 µL of cell suspension [1-?] with fluorescent miRNA in a tube [2-?] and load the mixture into an electroporation cuvette [1-CU-TXT]. 
2.4.1. Talent fills 100 µL into Epi

2.4.2.  Talent mixes cell suspension with fluorescent miRNA 
2.4.3. Talent loads mixture into cuvette (TEXT: Final concentration: 0.25 µM)

2.5. Then carry out electroporation using the G-009 program on the electroporator [1-MED/CU-TXT].
2.5.1. Talent sets G-009 program and places cuvette inside (TEXT: Refer to Table of Materials in text protocol)
2.6. Add 500 µL of pre-warmed cell culture medium and transfer the entire volume of cell suspension into a well of a 4-well glass-bottom chamber slide [1-CU-TXT]. Culture the cells for 1 day at 37 °C in a 5% CO2 atmosphere [2-WIDE].
2.6.1. Talent adds prewarmed cell culture medium to cell suspension 
2.6.2. and transfers to 4-well glass bottom chamber slide (TEXT: 4 x 105 cells)
2.6.3. Talent places slide into incubator 
3. Applying 3D-FRAP Microscopy and Data Analysis (**Authors to provide screen capture files for this section**)
3.1 & 3.2 DIFFERENT ANGLES OF TALENT WORKING @ MICROSCOPE

3.1. After prewarming the microscope incubator [1-MED/CU] and turning on the confocal system [2-WIDE/MED-TXT], insert the chamber slide into the stage sample holder [3-CU].
3.1.1. Shot of pre-warmed incubator with temp visible if possible
3.1.2. Talent at scope setting the temperature (TEXT: At least 2 h before FRAP measurement)

3.1.3. Talent inserts chamber slide into stage sample holder

3.2. Use a 1.4 N.A. oil objective and 561-nm laser excitation light at low laser power, with a detection range of 570-680 nm to find a cluster of transfected cardiomyocytes [1-SCREEN/LM-TXT].
3.2.1. Talent adjusts acquisition settings (40x oil objective, 561nm laser excitation, detection range) to find cluster of transfected cardiomyocytes
3.2.2. ADDED: Screenshot of a cell cluster of transfected cardiomyocytes suitable for FRAP measurement (file 3-2-2) Editor – use as inset?
3.3. H. Lemcke, Step 3.2: The fluorescence recovery depends on the influx of miRNA from connected cells. Therefore, it is important that the number of adjacent cells is similar throughout all FRAP measurements to obtain reliable data [1-INTERVIEW].
3.3.1. Talent recites the above statement looking off camera

3.4. Next, in the “Setup Manager,” Activate the “z-Stack,” “Time Series,” “Bleaching,” and “Regions” buttons.   Then, to define the FRAP parameters, in the “Acquisition Mode” menu, set the “frame size” to 512 x 512, the “line step” to 1, and the “scan time” to < 1 second [1-SCREEN/LM].
3.4.1. Talent activates the “z-Stack,” “Time Series,” “Bleaching,” and “Regions” buttons. Then talent sets the “frame size” to 512 x 512, the “line step” to 1, and the “scan time” to < 1 second in acquisition mode.
3.5. In the “Channels” menu, adjust the laser power, offset, and gain settings to obtain maximal fluorescence from minimal laser excitation to avoid intensity saturation. Then set the “pinhole size” to 2 µm [1-SCREEN/LM-TXT]. 
3.5.1. Talent adjusts the laser power, offset, and gain settings to obtain maximal fluorescence from minimal laser excitation.  Then talent sets the “pinhole size” to 2 µm (TEXT: e.g., laser power: 1-5%)
3.6. Next, in the “Regions” menu, select the “ROI drawing tool” and use the cursor to mark the target cell, the reference cell, and the background area. If required, select several target cells for photobleaching [1-SCREEN/LM].
3.6.1. Talent selects ROI drawing tool and uses cursor to mark target cells, reference cell, and background area.  Talent marks several target cells.
3.7. In the “Bleaching” menu, adjust the photobleaching settings [1-SCREEN/LM-TXT].
3.7.1. Talent adjusts photobleaching settings in bleaching menu (e.g., Iterations: 9-14, laser power for photobleaching: 100%, interval of image acquisition: 60 s, cycles: 15)
3.8. Then in the “z-Stack” menu, define the limits for z-stack acquisition, depending on the thickness of the cells. Adjust the “number of z-layers” to 12-15.  Then start the FRAP experiment and record the fluorescence recovery [1-SCREEN/LM-TXT].
3.8.1. Talent defines limits for z-stack acquisition then starts FRAP experiment and records fluorescence recovery (TEXT: Refer to text protocol for additional details)
3.9. To analyze the data, create a maximum projection of the acquired z-stacks and obtain fluorescence intensity values of the bleached target cells, the reference cell, and the background [1-SCREEN/LM].
3.9.1. Talent creates maximum intensity projection of z stacks and obtains fluorescence intensity values of bleached target cells, reference cell, and background.
3.10. To analyze the data create maximum projection of the acquired z-stacks. Using microscope-specific software, click “Processing” ( “Maximum intensity projection” ( select file ( “Apply” [1-SCREEN/LM-TXT].
3.10.1. Talent uses microscope software and clicks “Processing” ( “Maximum intensity projection” ( select file ( “Apply” (TEXT: Alternatively, use image analyzing tool such as ImageJ)
3.11. Finally, copy the fluorescence intensity data at all time points from the target cell, the background and the reference cell into a spreadsheet and perform data analysis according to the text protocol [1-SCREEN/LM].
3.11.1. Talent copies data into spreadsheet
4. Results: 3D FRAP Analysis of Gap Junction-dependent Transfer of miRNA 
4.1. Shown here are isolated cardiomyocytes with the typical striated α-actinin pattern and large plaques of Connexin-43 along the cell-cell borders [1-LM].  Some non-cardiomyocytes were present in the culture [2-LM].
4.1.1. LAB MEDIA Figure 1A, Editor, for the alpha actinin, use an arrow to point out some of the striated red signal.  For connexin-43, add in the white arrowheads.  
4.1.2. LAB MEDIA Figure 1B, Editor, for the ‘non-cardiomyocytes,’ point out the blue dots that don’t have red around them.  For the ‘neonatal-cardiomyocytes,’ point out the cells that have blue dots and red around them.
4.2. As seen here by flow cytometry, a 45% transfection efficiency was reached [1-LM].  In addition, a live/dead assay revealed that the majority of cells demonstrated high viability, which is important when analyzing gap junctional communication [2-LM].
4.2.1. LAB MEDIA Figure 2A, Editor, for ‘a 45%...’, add in the blue text at the top right of the plot.
4.2.2. LAB MEDIA Figure 2B, Editor, add in the red, ‘dead cells’ text here for ‘high viability.’
4.3. For FRAP analysis, target cells are selected within a cell cluster and are photobleached with 100% laser power, leading to reduced miRNA fluorescence in the selected cells.  Quantitative analysis and normalization of the acquired data showed an average recovery of 20% [1-LM].
4.3.1. LAB MEDIA Figure 3A, Editor, add in the panels one at a time, beginning from top left and ending with bottom right.
4.4. In this experiment, siRNA-mediated knockdown of Connexin-43 led to reduced protein expression [1-LM] and the inhibition of gap junctional communication. Fluorescence recovery was reduced by more than 50%, indicating that the efficiency of miRNA transfer is strongly dependent upon the extent of gap junctional coupling between cells [2-LM].
4.4.1. LAB MEDIA Figure 3C, Editor, add in the control panel and then the Cx43 panel.
4.4.2. LAB MEDIA Figure 3B, Use use an arrow to trace the bottom, black squares for ‘was reduced by more than 50%.’  
4.5. This figure shows a 3D surface rendering of a FRAP experiment. Compared to maximum projections, the acquisition of z-stacks can be used to create 3D reconstructions to investigate the localization and mobility of miRNA within cells [1-LM].
4.5.1. LAB MEDIA Figure 5, Editor, add in the 3D surface rendering panels first and then when maximum projections are mentioned, add in those panels next to the 3D panels.
5. Conclusion (said by authors on camera)

5.1. H. Lemcke: Once mastered, FRAP measurements can be done in 2-3 hours if it is performed properly.

5.2. H. Lemcke: While attempting this procedure, it’s important to remember to choose target cells which have a similar number of neighboring cells. Moreover, mild bleaching parameters and image acquisition conditions should be selected to avoid phototoxic effects. 
5.3. H. Lemcke: After watching this video, you should have a good understanding of how to use FRAP microscopy in order to visualize and quantify the intercellular movement of miRNA within cellular clusters.
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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