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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Y_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: Olympus FV-1000-MPE
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Y______ 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 using the step numbers listed in this document. _2.2-2.4, 3.1-3.4
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.___3.4
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? approx. 20 min walk distance (surgery lab and imaging core in different buildings connected by tunnel).
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to measure calcium or nitric oxide in a freshly isolated vessel using two photon microscopy. (Intro)
This is accomplished first by mechanical isolation and preparation of the vessel. (P1, Editor, use  P1 here.  Begin with the panel on the left of the animal opened up, then transition to the second panel with the instruments added.  Then transition to the red vessel then add in the dashed line and scissors  then transition to the last panel on the right. )
Next, the vessel is incubated in the calcium-labeling dye or NO-labeling dye with pluronic acid. (P2, Editor, begin with the red and green tube (without the color if possible) then add in the panel on the right of it and then bring in the bottle at the top left and the light blue fluorophore  tube below it.  Pour the bottle into the tube and then pour the fluorophore into the tube and add in the red and green color.)
Then, the vessel is fixed to a silicone-coated dish with a grid and pins to provide a stable view during  two photon imaging. (P3, Editor, as shown in P3, remove the red/square panel from the tube, then place the panel into the round clear plate in the center panel, then transition to the plate on the right with the U-shaped pin added.)
Finally, two photon imaging is performed and the results are quantified (P4, Editor, transition to the microscope, then the green fluorescent panel, then the computer and then the graph on the right.)
Ultimately, this method will allow investigators to monitor calcium or nitric oxide changes in endothelial cells or smooth muscle cells of a freshly isolated blood vessel. (P5, Editor, slowly zoom in on the graph and the black and green panel in P4 here.)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Oleg Palygin, PhD: The main advantage of this technique over existing methods is that it can provide better signal resolution and precise measurements of the intracellular processes in vascular tissues.  Here, this technology was applied in combination with the classical non-ratiometric Ca2+ and NO to measure calcium transients and NO production in individual cells of an isolated whole aorta. We believe that this technique will help forward our knowledge about the mechanisms regulating [Ca2+]i and NO levels within the different vascular cell types.   

1.2. Marie Schulte, PhD: Two-photon excitation microscopy imaging of living cells, especially in intact tissues such as blood vessels, provides the advantages of high resolution signal and low out-of-focus background fluorescence. The narrow localization of the two-photon excitation  illuminates a single focal volume in the tissue, greatly reduces out-of-focus absorption and decreases light scattering, allowing us to image fluorophore dynamics in highly autofluorescent tissues containing collagen and elastin fibers.
Protocol (read by voice talent at JoVE):

2. Preparation of Rat Aorta, Dye Loading and Incubation

2.1. TEXT ON WHITE BACKGROUND: The experimental procedures described below were approved by the Institutional Animal Care and Use Committee (IACUC) at the Medical College of Wisconsin and were in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals [2.1.1-TXT].
2.1.1. TEXT of the above statement

2.2. After isolating a rat aorta according to the text protocol [2.2.1-WIDE/MED], under a dissecting microscope, use fine-tipped forceps and microscissors to dissect the fat and connective tissue from the aorta [2.2.2-SCOPE].  Once it is clean, cut the organ longitudinally [2.2.3-SCOPE] and transfer it to physiological salt solution for later use [2.2.4-CU].
2.2.1. Talent sits at scope with rat aorta

2.2.2. Film as written

2.2.3. Film as written

2.2.4. Film as written

2.3. To prepare the loading cocktail, add 7 ul of a previously prepared aliquot of Fluo-4 AM dye to 450 ul of PSS containing no calcium [2.3.1-MED/CU].  Then add 40 ul of 0.05% pluronic acid to the reaction mixture to help disperse the acetoxymethyl esters and improve loading of the calcium dye [2.3.2-CU].
2.3.1. Film as written

2.3.2. Film as written

2.4. Place the dissected aortas into 500 ul tubes containing the loading cocktail [2.4.1-CU], cover the tubes with foil [2.4.2-MED/CU] and place on a rotating shaker at room temperature for 1 hour [2.4.3-MED].
2.4.1. Film as written

2.4.2. Film as written

2.4.3. Film as written

3. Laser Scanning Two Photon Microscopy Protocol

3.1. After following the text protocol to pin the aortic tissue to the surface of a silicone-coated dish [3.1.1-CU/ECU], place the dish beneath the nose piece of an upright two-photon microscope [3.1.2-CU], and install and position a 25x water immersion objective lens above the specimen [3.1.3-CU-TXT].
3.1.1. CU of tissue pinned to surface of dish
3.1.2. Film as written

3.1.3. Film as written (TEXT: N.A 1.05; wd 2 mm)
3.2. Install a corresponding emission filter into the microscope port. Using the software, activate the two-photon infra-red laser and tune the laser excitation to 820 nm [3.2.1-SCREEN/LM].  Under transmitted light, using coarse objective adjustment, locate the aorta and focus the objective on the endothelial surface [3.2.2-SCOPE].  

3.2.1. SCREEN/LAB MEDIA Talent activates laser and tunes laser excitation as seen on computer screen

3.2.2. SCOPE Film as written

3.3. Switch the microscope into two photon laser scanning mode, ensuring that the excitation laser is mode locked [3.3.1-MED/CU], the non-descanned detectors are engaged [3.3.2-MED/CU] and the emission filters appropriate to the expected emission spectra are installed [3.3.3-MED/CU].  
3.3.1. Film as written

3.3.2. Film as written

3.3.3. Talent checks on software on screen that emission spectra are installed

3.4. With ~5-10% laser power, start live scanning and finely adjust the objective to bring the endothelial cells into focus [3.4.1-MED OVER SHOULDER].  Collect sequential images according to the experimental protocol text [3.4.2-SCREEN/LM].  Save the images in a format that includes the metadata [3.4.3-SCREEN/LM].
3.4.1. Talent starts live scanning and finely adjusts to bring endothelial cells into focus

3.4.2. SCREEN/LAB MEDIA of sequential images

3.4.3. SCREEN/LAB MEDIA Images saved in format that includes metadata

4. Image Processing and Calculations

4.1. To carry out image processing and calculation, download and install the Fiji Image processing package (TEXT:  http://fiji.sc/Fiji), which is released under the General Public License [4.1.1-SCREEN/LM].  

4.1.1. LAB MEDIA 52734_Palygin_section4, slide 1
4.2. Using the software, open an image file, then when prompted, split the transmitted light and fluorescent channels to use only the fluorescent channels for the data analysis [4.2.1-SCREEN/LM].
4.2.1. LAB MEDIA 52734_Palygin_section4, slide 2 (Editor, add in the black arrow for split channels for ‘split the transmitted…’ and then transition to slide 3
4.3. Within the Fiji program, click on the analyze tab and scroll down to the tools option.  Then click on the ROI manager tab and a new window will appear [4.3.1-SCREEN/LM].  
4.3.1. LAB MEDIA 52734_Palygin_section4, slide 4, Editor, point out the menu items as mentioned
4.4. Next, under the analyze tab, click on set measurements and select the specific measurements of interest.  For the calcium transient measurements, use the mean gray value option [4.4.1-SCREEN/LM]. 

4.4.1. LAB MEDIA 52734_Palygin_section4, slide 5, Editor, point out the menu items as mentioned and add in the black arrow for mean gray value when mentioned.
4.5. Then with the circular trace tool, begin to trace the regions of interest and on the ROI manager, click ‘add’ for every ROI chosen [4.5.1-SCREEN/LM].  Once all the cells of interest have been traced, under the ‘more’ tab in the ROI manager, select ‘Multi Measure’ [4.5.2-SCREEN/LM]. 
4.5.1. LAB MEDIA 52734_Palygin_section4, slide 6, Editor, add in the arrow to point out the circular trace tool, then for ‘begin to trace a region,’ add I the white arrow in the bottom image, then add in the black arrow for the ‘Add’ button when mentioned.

4.5.2. LAB MEDIA 52734_Palygin_section4, slide 7 and 8, Editor, for the first part of the second sentence, point out some of the circles on the image.  Then point out the multi measure button when mentioned and transition to slide 8.

4.6. Finally, either save the measurements directly or copy and paste them into a spreadsheet and carry out calculations according to the text protocol [4.6.1-SCREEN/LM].  
4.6.1. LAB MEDIA 52734_Palygin_section4, slide 8 and 9.  Editor, for the first part of the sentence, point out the small table in slide 8, the for ‘or copy and paste’, bring in slide 9 of the spreadsheet and then add in the graph to the right.
5. Results: Intracellular Calcium in the Rat Aorta 
5.1. Using the protocol described in this video, the endothelial cells of the aorta are easy to locate due to their shape and strong fluorescent signal [5.1.1-LM].  

5.1.1. LAB MEDIA 52734_Palygin_Figure2A.ppt, Editor, for ‘shape and strong fluorescent signal,’ point out some of the strong green signals in the top panel.
5.2. Smooth muscle cells will also be visible in the same field with endothelial cells, which will lead to a better understanding of how the two cell types jointly, yet independently respond to different agonists and stimuli [5.2.1-LM].
5.2.1. LAB MEDIA 52734_Palygin_Figure2B.ppt, Editor, for ‘Smooth muscle cells’ point out some of the linear bright green signals in the left panel. For ‘in the same field as endothelial cells,’ point out some of the lines and some of the smaller, rounder signals in right panel.
5.3. To demonstrate the utility of this method, measurements of the response to acetylcholine, or Ach, a potent calcium-dependent vasodilator of the endothelium, were determined.  As shown here, after the addition of Ach, endothelial cell fluorescence increases compared to cells in PSS alone, indicating a rapid increase in intracellular calcium content that slowly returns to baseline [5.3.1-LM].  

5.3.1. LAB MEDIA 52734_Palygin_Figure3ABC.ppt, Editor, for ‘As shown here,’ add in the yellow arrow in panel B to indicate an increase in signal.  For ‘a rapid increase in intracellular calcium content…’ point out the top of the red line in panel c and then trace it to the bottom right for ‘that slowly returns to baseline.’
5.4. This protocol is also suitable for the detection of endothelial nitric oxide production.  In this experiment, aortic endothelial cells were loaded with DAF-FM diacetate dye. NO production increased in a calcium dependent manner in response to Ach stimulation and this response was blocked with the endothelial NO synthase inhibitor, L-NAME [5.4.1-LM].
5.4.1. LAB MEDIA 52734_Palygin_Figure4AB.ppt, Editor, for NO production increased…, point out the bright signals in A and for ‘was blocked with the NO…,’ point out the faint signals in B.
6. Conclusion (said by authors on camera)

6.1. Oleg Palygin, PhD: This method can help answer key questions in the area of cardiovascular physiology. 
6.2. Oleg Palygin, PhD:  Use of the experimental procedure described here together with multiple available genetically-modified animal models provides new perspectives for further application of two photon microscopy in basic and translational research.
6.3. Alexander Staruschenko, PhD: After watching this video, you will learn how to apply this technique for real time monitoring of the calcium and nitric oxide levels within the individual cells of freshly isolated blood vessels. 
6.4. Alexander Staruschenko, PhD: Use of this approach might provide you an in-depth understanding and mechanistic insight into specific intracellular signaling pathways within a blood vessel cells. 
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.
52734_Palygin_scheme
52734_Palygin_scheme_P1

52734_Palygin_scheme_P2

52734_Palygin_scheme_P3

52734_Palygin_scheme_P4
5.1.1 -  52734_Palygin_Figure2A.ppt

5.2.1 -  52734_Palygin_Figure2B.ppt

5.3.1 - 52734_Palygin_Figure3ABC.ppt

5.4.1 - 52734_Palygin_Figure4AB.ppt
52734_Palygin_Video1.avi – imaging of aorta endothelium Fluo4 signal during changes of extracellular Ca2+ concentration from 0 to 2 mM
52734_Palygin_Video2.avi – imaging of aorta endothelium DAF-FM signal during application of acetylcholine
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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


