52850 was only partially filmed but author thinks it will be good idea to start working on it, that they can re-shoot something (if needed) during next videographer visit for 2 more scheduled shoots.
Submission ID #: 52850
Editor Name: Petti Pang
Videographer name: Kevin Larson
Film Date:  Feb 23, 2015
Authors and Affiliations: 

Daria V. Ilatovskaya, Ph.D.

Department of Physiology

Medical College of Wisconsin 

Milwaukee, WI 

dilatovskaya@mcw.edu
Oleg Palygin, Ph.D.

Department of Physiology

Medical College of Wisconsin

Milwaukee, WI 

opalygin@mcw.edu
Vladislav Levchenko, B.S.

Department of Physiology

Medical College of Wisconsin

Milwaukee, WI 

vlevchen@mcw.edu
Alexander Staruschenko, Ph.D.

Department of Physiology

Medical College of Wisconsin 

Milwaukee, WI 

staruschenko@mcw.edu
Title: Single-channel analysis and calcium imaging in the podocytes of the freshly isolated glomeruli
Corresponding Author: Alexander Staruschenko
Co-authors: Daria V. Ilatovskaya, Oleg Palygin, Vladislav Levchenko
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: __Nikon-A1R; Nikon Eclipse Ti; Nikon SMZ745_____

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 by their protocol number. ____ 2, 3, 5, 6______________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number.___3_________________

E.  Will the filming need to take place in multiple locations? (Y/N) __Y___ If yes, how far apart are the locations? ___Different floors of the same building (5 min walk)______

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 the intracellular calcium concentration changes in response to pharmacological agents, estimate basal levels of calcium, and assess individual channel activity in the podocytes as part of the whole freshly isolated glomerulus. (Intro)
This is accomplished by first clearing blood from rat kidneys by flushing via the abdominal aorta (P1).
LAB_MEDIA: 52850_Staruschenko_Schematic_Graphic_Overview.ppt_P1.  Animation: Show the rat cartoon on the left. Next, show the second left cartoon, and then add the syringe (like the third left cartoon). Then, show the kidney.
Next, the kidneys are harvested, and the kidney cortices are isolated and minced. (P2)
LAB_MEDIA: 52850_Staruschenko_Schematic_Graphic_Overview.ppt_P2.  Animation: Show the first left cartoon, then move the scissors toward the kidney and show the kidney cortex (second left cartoon).  Then move the blade towards the kidney cortex and show the third left cartoon. 
In the third step, the cortical glomeruli are isolated by differential sieving (P3).
LAB_MEDIA: 52850_Staruschenko_Schematic_Graphic_Overview.ppt_P3.  Animation: Show the cartoons slowly from top to bottom by layers.
Afterward, the isolated decapsulated glomeruli can either be subjected to electrophysiological experiments (P4) or loaded with fluorescent dyes and taken for confocal calcium concentration measurements (P5). 

LAB_MEDIA: 52850_Staruschenko_Schematic_Graphic_Overview.ppt_P4-P5.  Animation: Show the oval image on the top, then show P4, followed by P5 upper cartoon, then P5 lower cartoon.
Ultimately, these procedures enable researchers to measure the basal concentration of calcium within cells in response to various agents, and assess and manipulate calcium conductance at the level of single ion channels (P6).  
LAB_MEDIA:  52850_Staruschenko_Figure 3
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Daria Ilatovskaya:  The main advantage of this technique over existing methods is that it allows for the study of podocytes as part of the freshly isolated glomerulus. Our preparation retains the functional potential of the podocytes which remain attached to the capillaries and participate in the homeostasis in the environment that conserves the major parts of the glomeruli filtration apparatus. 
1.2. Daria Ilatovskaya: Vladislav Levchenko will demonstrate how to prepare the flushed kidney for the following glomeruli isolation. I will show glomeruli isolation procedure and patch-clamp electrophysiology, and Dr. Oleg Palygin will guide you through confocal calcium imaging. 
1.2.1. Interview style: Author saying the above 

1.2.2. Vladislav Levchenko looks up from workbench and acknowledges the camera.

1.2.3. Oleg Palygin looks up from the confocal setup and acknowledges the camera. 

1.3. Oleg Palygin: The implications of this technique extend toward pharmacological screening in normal and pathological states; the mechanisms of calcium handling by the podocytes serve an essential regulatory role in the development and prevention of renal complications in diseases, such as diabetic nephropathy, FSGS or hypertension. 
Protocol (read by voice talent at JoVE):

2. Kidney flush
2.1. To begin this procedure, place an anesthetized rat on the temperature-controlled surgical table [2.1.1-MED-over the shoulder-TXT].  Under the microscope, make a midline incision on the abdomen to uncover the vena cava and the aorta [2.1.2-SCOPE].  Next, insert the ligature around the celiac and superior mesenteric arteries, and the abdominal aorta above them [2.1.3-SCOPE].
2.1.1. *Film as written, TEXT: 8-12 week old male rat
2.1.2. *Film as written Scope shot: Ends at 0:46
2.1.3. *Film as written Scope shot: Ends at 2:20
2.2. Blunt dissect the abdominal aorta below the renal arteries [2.2.1-SCOPE].  Then, place two ligatures around it, but do not ligate [2.2.2-SCOPE].  Clamp the aorta above the ligatures and tie the lower thread [2.2.3-SCOPE].

2.2.1. *Film as written Scope shot: Ends at 3:21
2.2.2. *Film as written Scope shot: Ends at 4:25
2.2.3. *Film as written Scope shot: Ends at 5:24
2.3. After that, catheterize the aorta with a polyethylene tubing that is attached to a syringe pump filled with PBS below the clamp [2.3.1-SCOPE-TXT], and fix the catheter with a second ligature [2.3.2-SCOPE].  Then, remove the clamp, and ligate the mesenteric and celiac arteries [2.3.3-SCOPE].
2.3.1. *Film as written, TEXT: Polyethylene tubing: PE-50 Scope shot: Ends at 6:25
2.3.2. *Film as written Scope shot: Ends at 6:59
2.3.3. *Film as written Scope shot: Ends at 8:00
2.4. Infuse the aorta with pre-chilled PBS for 3 minutes at a rate of 6 mL per minute [2.4.1-MED-over the shoulder]. At the same time, make an incision in the vena cava near the renal veins to relieve the pressure [2.4.2-SCOPE/CU].
2.4.1. *Film as written
2.4.2. *Film as written Scope shot: Ends at 9 Minutes-ish (the incision was made right when the blood starts flowing out)
2.5. After 3 minutes, stop the perfusion [2.5.1- MED-over the shoulder].  Excise and decapsulate the kidneys [2.5.2- CU].  Place them in PBS solution on ice [2.5.3-MED].
2.5.1. *Film as written Scope shot: Ends at 9:36 (Also filmed with main camera)
2.5.2. *Film as written Scope shot: Ends at 10:12
2.5.3. *Film as written
3. Isolation of the rat glomeruli 

3.1. Now, prepare 30 mL of fresh 5% BSA in RPMI 1640 medium [3.1.1-MED].  Using a razor blade and scissors, isolate the cortex of both kidneys [3.1.2-MED-over the shoulder].  Then, mince them until homogenous [3.1.3-CU]. 
3.1.1. Talent places the prepared solution (with label) on the bench.

3.1.2. *Film as written
3.1.3. *Film as written
3.2. Next, push the minced tissue through a 100 mesh stainless steel sieve that has been pre-soaked in 5% BSA/RPMI solution [3.2.1-MED-over the shoulder].  Collect the flow-through and allow it to pass through a 140 mesh sieve [3.2.2-CU].
3.2.1. *Film as written
3.2.2. *Film as written
3.3. Subsequently, filter the collected flow-through from the 140 mesh sieve using a pre-soaked 200 mesh sieve [3.3.1-CU].  Discard the filtrate and wash the top sieve with 10 to 15 mL of the prepared BSA/RPMI solution [3.3.2-MED-over the shoulder], and collect the glomeruli on the sieve [3.3.3-CU].
3.3.1. *Film as written
3.3.2. *Film as written
3.3.3. *Film as written Take 2 best
3.4. Next, place the BSA/RPMI solution containing glomeruli in a 15 mL tube on ice [3.4.1-MED], and let the glomeruli sediment at the bottom of the tube for up to 20 minutes [3.4.2-CU].
3.4.1. *Film as written
3.4.2. CU the tube as the glomeruli sediment is at the bottom 
4. Single-channel patch-clamp electrophysiology 

4.1. In this procedure, coat 5 x 5 mm cover glass chips with MW 70,000-150,000 Poly-L-Lysine [4.1.1-MED-over the shoulder], and dry them on a heated plate [4.1.2-MED].
4.1.1. *Film as written
4.1.2. *Film as written
4.2. Next, warm up the experimental solutions to room temperature and fill the patch-clamp chamber and pipette [4.2.1- MED-over the shoulder-TXT].  Gently mix the glomeruli-containing solution [4.2.2- MED-over the shoulder-TXT].  Then, apply approximately 50 µL of it to each Poly-L-lysine coated cover glass chip [4.2.3-CU].
4.2.1. Talent fills the patch-clamp chamber and pipette with solutions, TEXT: Experimental solutions: Refer to the accompanying manuscript for compositions
4.2.2. Talent mixes the glomeruli-containing solution by pipetting it.
4.2.3. CU the cover glass chip as 50 µL of glomeruli-containing solution is applied.
4.3. After that, move the glass chips with glomeruli to the patch-clamp chamber pre-filled with the bath solution [4.3.1-MED].  Perfuse the chamber at a rate of 3 mL/min for 1 minute to remove any unattached glomeruli before conducting the conventional patch-clamp recording in a cell-attached mode [4.3.2-CU].
4.3.1. *Film as written
4.3.2. CU the chamber (with glomeruli on the glass chip) as it is perfused. 
5. Ratiometric confocal fluorescence measurements of intracellular calcium concentration in the podocytes
5.1. Now, place 500 µL of the glomeruli fraction in each 0.5 mL conical tube and add calcium dyes Fura Red AM and Fluo-4 AM [5.1.1-MED-over the shoulder].  Next, place the tubes on a rotating shaker for up to 1 h at room temperature [5.1.2-MED].  Then, prepare the glass coverslips with poly-L-lysine [5.1.3-CU], and allow them to dry on the heated plate at 70 ˚C [5.1.4-MED].
5.1.1. Talent adds calcium dyes Fura Red, AM and Fluo-4, AM to a conical tube containing glomeruli.
5.1.2. *Film as written
5.1.3. CU the coverslips as poly-L-lysine is added
5.1.4. Talent places the coverslips on the heated plate.
5.2. Once the loading of calcium dyes is complete, apply 100 µL of the glomeruli containing solution to the Poly-L-lysine coated coverslips and let them stick to the surface for about 5 minutes [5.2.1-MED-over the shoulder].  Then, mount the glomeruli-attached coverslips onto an imaging chamber [5.2.2-MED-over the shoulder], and perfuse them with bath solution at a rate of 3 mL/min to remove the unattached glomeruli and remaining dyes [5.2.3-CU-TXT].
5.2.1. Talent applies 100 µL of the glomeruli containing solution to the Poly-L-lysine coated coverslips.
5.2.2. *Film as written
5.2.3. CU the coverslips as they are being perfused with bath solution.  Text: Text overlay:  Refer to the accompanying manuscript for bath solution’s composition.
5.3. Afterward, set the emission filters and the confocal laser scanning microscope to 488 nm excitation wavelength [5.3.1-MED-over the shoulder-TXT].  Then, set the imaging software to a desired frequency and resolution [5.3.2-MED-over the shoulder]. 
5.3.1. *Film as written, TEXT: Emission filters: 525/25 for Fluo-4; 650/25 nm for Fura Red
5.3.2. *Film as written, capture computer monitor if possible
5.4. Next, find the glomeruli in brightfield [5.4.1-SCOPE].  Subsequently, turn on the detection of the fluorescence signal [5.4.2-MED-over the shoulder].  
5.4.1. *Film as written
5.4.2. *Film as written
5.5. Start imaging the focal plane of choice [5.5.1-SCREEN].  Apply the desired drugs and record the response [5.5.2-SCREEN].
5.5.1. Collect a screen movie as written

5.5.2. Collect a screen movie of the recording of response (i.e. clicking the recording button and then show the response).

5.6. After that, select a desired focal plane and check the intensity of fluorescence on the Fluo4 and FuraRed channels [5.6.1-SCREEN].  Make sure that the glomerulus is clearly seen in brightfield [5.6.2-SCOPE].  Then, record the changes in fluorescence intensity for the Fluo4 and FuraRed signals [5.6.3-SCREEN].  

5.6.1. Collect a screen movie as written
5.6.2. *Film as written
5.6.3. Collect a screen movie as written
6. Image analysis for the calcium measurements
6.1. To import the image sequence, split the channels and use the hyperstack grayscale mode [6.1.1-MED-over the shoulder].
6.1.1. *Film as written
6.2. In ImageJ software, open an ROI manager window following the Analyze-Tools-ROI manager path [6.2.1-SCREEN].  Select several regions of interest using an oval selection tool and the “Add (t)” function in the ROI Manager [6.2.2-SCREEN].  Then, select the area in the background and save the selected ROIs [6.2.3-SCREEN].
6.2.1. Collect a screen movie as written
6.2.2. Collect a screen movie as written
6.2.3. Collect a screen movie as written
6.3. Next, mark the “one row per slice” box in the dialogue, and click OK [6.3.1-SCREEN].   In the menu option “Results-Set Measurements”, select “Mean gray value” and calculate the pixel intensity values for each ROI, which will be displayed in the Results window in separate columns for each ROI [6.3.2-SCREEN].
6.3.1. Collect a screen movie as written
6.3.2. Collect a screen movie as written
6.4. Then, copy the measured ROI intensity values for each channel into the preferred data analysis software [6.4.1-SCREEN], and subtract the background intensity values from each data point [6.4.2-SCREEN].
6.4.1. Collect a screen movie as written
6.4.2. Collect a screen movie as written
6.5. For each time point, calculate the ratio of intensities of the Fluo-4 to Fura Red channels [6.5.1-SCREEN].  After that, plot the point-time changes of Ca2+ transient for each ROI [6.5.2-SCREEN].  Then, calculate Mean/SE values for the selected glomeruli [6.5.3-SCREEN].
6.5.1. Collect a screen movie as written
6.5.2. Collect a screen movie as written
6.5.3. Collect a screen movie as written
7. Results: Recording of single ion channels activity in the podocytes of freshly isolated glomeruli and real-time detection of calcium concentration changes
7.1. This image shows the patch-clamp pipette attached to the podocyte body on the surface of the rat glomerulus during an electrophysiological recording.  A part of a capsulated glomerulus can be seen in the right lower corner of the image [7.1.1-LM].
7.1.1. LAB_MEDIA: 52850_Staruschenko_Figure 1
7.2. Here is a representative current trace of the TRPC-like channels activity from a cell-attached patch made on the podocyte [7.2.1-LM-TXT]. 
7.2.1. LAB_MEDIA: 52850_Staruschenko_Figure 2, Text:  c and oi denote the closed and open channel levels, respectively.
7.3. To measure the intracellular calcium concentration, glomeruli are loaded with Fluo-4, AM to label intracellular calcium. This video illustrates the effects of ionomycin and MnCl2 (manganese chloride) on calcium influx in the glomeruli [7.3.1-LM].
7.3.1. LAB_MEDIA: 52850_Staruschenko_Video 1
7.4. This graph quantifies changes in Fluo4 signal intensity recorded from a single podocyte in response to ionomycin and MnCl2 [7.4.1-LM].  As expected, ionomycin produces the maximum of the fluorescence [7.4.2-LM], and MnCl2 quenches the dye and results in the lowest fluorescence intensity [7.4.3-LM].  Application of these drugs allows the researcher to later define exact calcium concentration within the cell [7.4.4-LM].
7.4.1. LAB_MEDIA: 52850_Staruschenko_Figure 3: Show graph without red and blue arrows and texts, and without the y-axis and subtitle on the right
7.4.2. LAB_MEDIA: 52850_Staruschenko_Figure 3, add red arrow and text “Fmax”
7.4.3. LAB_MEDIA: 52850_Staruschenko_Figure 3, add blue arrow and text “Fmin”
7.4.4. LAB_MEDIA: 52850_Staruschenko_Figure 3, add the y-axis and subtitle on the right
7.5. This video demonstrates the effect of 10 μm ATP on the calcium concentration in glomeruli. Note that there is an increase in the green Fluo-4 fluorescence, and a drop in red Fura Red fluorescence, which account for an increase in intracellular calcium concentration.
7.5.1. LAB_MEDIA: 52850_Staruschenko_Video 2
Video editor, please us 00:08-00:22
7. Conclusion (said by authors on camera)

7.2. Alexander Staruschenko:  This technique offers a unique opportunity to monitor changes in calcium influx at the single ion channel and individual cells levels after pharmacological treatments or other manipulations. 
7.3. Alexander Staruschenko:  After watching this video, you should have a good understanding of how to perform calcium concentration measurements in the podocytes of the glomeruli, as well as the electrophysiological patch-clamp experiments. 
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.  

52850_Staruschenko_Video 1.avi
52850_Staruschenko_Video 2.avi

52850_Staruschenko_Schematic_Graphic_Overview.ppt

52850_Staruschenko_Figure1.ppt
52850_Staruschenko_Figure2.ppt
52850_Staruschenko_Figure3.ppt
52850_Staruschenko_Figure4.ppt
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
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