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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__(will use ECUs instead)___  (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 SMZ 745
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. ____2.1-2.2

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.____3.3

E.  Will the filming need to take place in multiple locations? (Y/N) __Y____ If yes, how far apart are the locations? _1-2 minute 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 real-time interstitial ATP and hydrogen peroxide concentrations in whole kidneys. (Intro)
This is accomplished by first rehydrating and calibrating sensors for ex vivo and in vivo applications to known concentrations of ATP and hydrogen peroxide. (P1, Editor, begin with the left panel with the red and green probes.  Bring in the second panel and place one of the green probes into the round jar top as shown.  Then transition to the third panel with the probes in the glass bottles, then remove the probes from the bottles and transition to the right hand panel with the probes hooked up in the Petri dish.)
Then, the rat kidney is surgically isolated, placed in a recording chamber and perfused with saline. (P2, Editor, begin with the rat on the top left of P2, then transition to the next panel where the kidney and vessels are zoomed in and add the two blue ties at the top and bottom.  Then zoom out again as in the third panel  of the animal and add the syringe and inject the green solution. )
ATP and hydrogen peroxide are measured using sensors suitable for ex vivo preparations (P3, Editor, transition to the top right panel of the kidney in the dish, then add in the probes as in the bottom left panel, then transition to the bottom right panel with the syringe.) 

Alternatively, an incision is made to visualize the blood-perfused kidney and an interstitial catheter can be installed for drug applications. Further, renal interstitial ATP and hydrogen peroxide concentrations are measured using another set of sensors suitable for in vivo studies. (P4, Editor, starting with the top left panel of P3, transition through each panel, using the bottom left for the interstitial catheter and the bottom right panel for measuring concentrations.)

Ultimately, these protocols demonstrate how to use enzymatic microelectrode biosensors for real-time ATP and hydrogen peroxide measurements in the kidney interstitium. (P4, Editor, use the panels from Figures 6 and 7 here, bringing them in one at a time.)
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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 enzymatic biosensors is its ability to directly measure endogenous, interstitial concentrations in biological tissues. Here, this technology was used to detect ATP and hydrogen peroxide concentrations in the interstitium of isolated, saline-perfused kidney or in vivo.
1.2. Gregory Blass, PhD: The enzymatic biosensors’ precision enables real-time measurements of basal and dynamic regulation of extracellular ATP or hydrogen peroxide concentrations.  These measurements can establish drug application or disease profiles for functionally distinct kidney regions. 

Protocol (read by voice talent at JoVE):

2. Sensor Calibration (Authors will provide screen capture shots for SCREEN/LM shots in sections 2 and 4.)
2.1. Rehydrate both the ATP and Null sensors [2.1.1-WIDE] by placing their tips into separate rehydration chambers containing Buffer A [2.1.2-MED/CU] for at least 10 min at 2 to 8 degrees Celsius [2.1.3-MED/CU].  If a longer exposure to air is anticipated, dip the sensor briefly into a solution of glycerol for each exposure [2.1.4-CU].  
2.1.1. Talent at bench preparing to rehydrate sensors

2.1.2. Film as written

2.1.3. Talent places chambers at 2-8 degrees C

2.1.4. Film as written

2.2. Turn on the dual channel potentiostat [2.2.1-MED/CU] and start the recording system software [2.2.2-MED OVER SHOULDER]. Set the program to save data as ASCII code and sensor polarity to Anodic Positive [2.2.3-SCREEN/LM].
2.2.1. Film as written

2.2.2. Film as written

2.2.3. SCREEN/LAB MEDIA Talent sets program to save data as ASCII and sensor polarity to Anodic Positive

2.3. Prepare a calibration chamber with 3 ml of Buffer A [2.3.1-CU].  Lower the reference electrode into the chamber [2.3.3-CU]. Remove each sensor from the rehydration [2.3.4-CU], attach them to micromanipulators and insert them into the calibration chamber solution [2.3.5-CU].  Perform all calibrations and studies in a Faraday cage on a high-performance lab air table to reduce signal noise during the amperometry recordings. [2.3.2-MED]
2.3.1. Film as written

2.3.2. [order changed] Shot of Faraday cage on lab air table

2.3.3. Film as written

2.3.4. Talent removes sensors from rehydration

2.3.5. Talent attaches sensors to micromanipulators and inserts in calibration chamber of solution

2.4. Perform cyclic voltammetry for the ex vivo sensors in the calibration chamber [2.4.1-CU] by cycling the sensors from -500 mV to +500 mV at a rate of 100 mV/s for 10 cycles.  This greatly improves the sensitivity of the sensors [2.4.2-SCREEN/LM].

2.4.1. Shot of sensors in calibration chamber (can continue from 2.3.5)

2.4.2. LAB MEDIA Talent switches sensors from -500 mV to another setting  - show 100 mV/s setting and number of cycles

2.5. Polarize the sensors to +600 mV after the last cycle [2.5.1-CU].  The sensor current will decay to an asymptote [2.5.2-SCREEN/LM].  A steady reading is achieved after a minimum of 5 min.  Record the zero reading [2.5.3-SCREEN/LM]. 

2.5.1. Film as written

2.5.2. LAB MEDIA Sensor current decaying

2.5.3. LAB MEDIA Shot of zero reading and talent records

2.6. Consecutively add set amounts of ATP solution into the chamber [2.6.1-MED/CU] for producing a calibration line encompassing a desired detection range of the ATP sensor [2.6.2-SCREEN/LM].  The ATP solution will produce a sharp peak in the sensor signal initially followed by a decay as the ATP diffuses evenly throughout the chamber [2.6.3-SCREEN/LM]. 

2.6.1. Talent adds ATP solution into chamber

2.6.2. LAB MEDIA Calibration line produced for detection range of ATP sensor

2.6.3. LAB MEDIA Sharp peak in sensor signal followed by decay

2.7. Signal values should be recorded once the signal level has stabilized for each ATP addition [2.7.1-CU].
2.7.1. Shot of a stabilized signal and talent records signal values

2.8. Add 3 μl of apyrase from a stock of 2 mg/ml to test specificity of the ATP sensor [2.8.1-CU-TXT]. The current produced by ATP application should reduce to the zero level [2.8.2-SCREEN/LM].
2.8.1. Talent adds apyrase (TEXT: 89 UN/mg)

2.8.2. LAB MEDIA Current reduces to zero

2.9. Consecutively add set amounts of hydrogen peroxide solution into the chamber [2.9.1-MED/CU] for producing a calibration line encompassing a detection range of the Null sensor [2.9.2-SCREEN/LM].  Signal values should be recorded once the signal level has stabilized for each hydrogen peroxide addition [2.9.3-SCREEN/LM].  

2.9.1. Talent adds hydrogen peroxide into chamber

2.9.2. LAB MEDIA Calibration line for detection range of null sensor

2.9.3. Signal values stabilized and talent records values

2.10. Add 3 μl of catalase from a stock of 2 mg/ml to test the specificity of the Null sensor [2.10.1-CU-TXT].  The current produced by hydrogen peroxide application should reduce to the zero reading [2.10.2-SCREEN/LM].

2.10.1. Talent adds catalase from a stock (TEXT: 100 UN/mg)

2.10.2. LAB MEDIA Current reduces to zero
3. Animal Surgeries 
3.1. After anesthetizing the animal and monitoring it according to the text protocol [3.1.1-MED/CU-TXT], make a midline incision to expose the kidney [3.1.2-CU/ECU]. 

3.1.1. Animal anesthetized and on surgical bench (TEXT: this is a non-survival surgery)

3.1.2. Film as written

3.2. For ex vivo studies, wrap a ligature around the celiac and superior mesenteric arteries [3.2.1-ECU], and the abdominal aorta above these arteries, but do not ligate [3.2.2-ECU].  Wrap two ligatures around the abdominal aorta below the renal artery [3.2.3-ECU]. 
3.2.1. Talent wraps ligature around celiac and superior mesenteric arteries

3.2.2. Film as written

3.2.3. Film as written

3.3. Ligate the abdominal aorta distally below the renal artery. [3.3.1-CU/ECU] Clamp the aorta at least 1 cm above the ligature and below the renal artery [3.3.2-CU]. Catheterize the abdominal aorta with polyethylene tubing between the lowest ligature and the clamp [3.3.3-CU-TXT].  Secure the catheter with the second aorta ligature [3.3.4-CU].
3.3.1. Film as written

3.3.2. Film as written

3.3.3. Film as written (TEXT: PE50)

3.3.4. Film as written

3.4. Remove the clamp [3.4.1-ECU] and ligate the mesenteric and celiac arteries, and the aorta above these arteries [3.4.2-ECU]. Perfuse the kidney at 6 mL/min with Hanks Balanced Salt Solution at room temperature for 2 to 3 min [3.4.3-CU] until the kidney is completely blanched [3.4.4-CU]. 
3.4.1. Film as written

3.4.2. Film as written

3.4.3. Film as written

3.4.4. Shot of blanched kidney

3.5. Using surgical tweezers, carefully remove the kidney capsule, which is necessary for sensor insertion [3.5.1-CU/ECU].
3.5.1. Film as written

3.6. Excise the kidney including the catheter-connected portion of the aorta [3.6.1-ECU]. Place the kidney into a 3 ml Petri dish filled with bath solution [3.6.2-CU]. In addition, the renal vein can be catheterized for collection of outflow fluid [3.6.3-CU]. 

3.6.1. Film as written

3.6.2. Film as written

3.6.3. Film as written

3.7. For in vivo, blood perfused kidneys, after anesthetizing and monitoring the animal as demonstrated earlier [3.7.1-CU-TXT] , make a midline incision into the rat of approximately 5 cm to visualize the left kidney [3.7.2-CU].  Use a kidney cup to support the kidney [3.7.3-ECU] and insert the micromanipulator-attached sensors and reference electrode into the kidney [3.7.4-CU].
3.7.1. Film as written (TEXT: this is a non-survival surgery)
3.7.2. Film as written

3.7.3. Film as written

3.7.4. Film as written

4. Data Acquisition ex vivo
4.2 [moved] Perfuse the kidney with bath solution via the cannulated aorta [4.2.1-CU] at a constant rate of 650 μl/min [4.2.2-CU].
4.3 [moved] Secure the kidney with rubber bands strapped over the kidney [4.3.1-CU] and attached to the silicone-coated dish with pins [4.3.2-ECU].
4.1. Position the micromanipulators for quick insertion of the sensors into the kidney [4.1.1-CU].  Alternatively, use a dummy probe attached to each micromanipulator to help achieve the desired placement of sensors [4.1.2-CU].

4.1.1. Film as written

4.1.2. Talent uses dummy probe to determine correct placement of sensors
4.2. [moved] Perfuse the kidney with bath solution via the cannulated aorta [4.2.1-CU] at a constant rate of 650 μl/min [4.2.2-CU].
4.2.1. Film as written

4.2.2. Shot of setting for perfusion

4.3. [moved] Secure the kidney with rubber bands strapped over the organ [4.3.1-CU] and with pins to attach it to the silicone-coated dish [4.3.2-ECU].
4.3.1. Film as written

4.3.2. Film as written
4.4. Place the reference electrode close to the kidney in the petri dish with its tip submerged in the bath solution [4.4.1-ECU].
4.4.1. Film as written
4.5. For each sensor and lasting no more than 20 sec, remove the sensor from the rehydration chamber [4.5.1-CU], attach to the micromanipulator and insert the sensor into the dish bath solution [4.5.2-CU].
4.5.1. Film as written

4.5.2. Film as written

4.6. Polarize the sensors with the potentiostat to +600 mV [4.6.1-SCREEN/LM] and allow the current to asymptote [4.6.2-SCREEN/LM].
4.6.1. LAB MEDIA Film as written

4.6.2. LAB MEDIA current on screen at asymptote

4.7. Advance each sensor to the same depth in the kidney [4.7.1-CU/ECU]. Perform data analysis according to the text protocol [4.7.2-MED OVER SHOULDER].
4.7.1. Film as written

4.7.2. Talent performing data analysis at computer

5. Results: Microelectrode Biosensor Detection of Analytes in Whole Kidneys 
5.1. The design of the enzymatic microelectrode biosensor allows real-time detection of analytes in whole kidneys.  To obtain reproducible results, accurate pre- and post- calibrations are critical.  This figure shows a representative trace of the signal produced by the ex vivo ATP and Null sensors during ATP sensor calibration. The calibration procedure produces a linear fit that is used to calculate the dynamic changes of ATP [5.1.1-LM].
5.1.1. LAB MEDIA Figure 6A.  For the last sentence, point out the calibration equation graph at the right in 6A
5.2. The Null sensor is calibrated with addition of known hydrogen peroxide concentrations to the bath solution and the asymptote amperometric values are recorded.  Addition of catalase to the bath solution results in rapid current decay [5.2.1-LM].  
5.2.1. LAB MEDIA Figure 6B, Editor, for the ‘catalase…results in rapid current decay.’ Point out the drop in the red line at the right of the graph.
5.3. The in vivo sensor produces a similar trace but detects reductive rather than oxidative currents and therefore the current is negative.  Calibration also produces a linear fit in the 0.3 to 80 uM range.  The specificity of the in vivo sensor to ATP over other purine products is shown here [5.3.1-LM].

5.3.1. LAB MEDIA Figure 7A and B, Editor, Add in panel B for the last sentence
5.4. Demonstrated in this figure, Angiotensin II induced interstitial endogenous hydrogen peroxide concentration changes in freshly isolated kidneys from salt-resistant and salt-sensitive rats.  Angiotensin II induces an acute release of hydrogen peroxide from both kidneys; however, the maximum amplitudes were significantly elevated in the kidneys from salt sensitive rats, especially when fed a high salt diet [5.4.1-LM].
5.4.1. LAB MEDIA Figure 11, Editor, for ‘significantly elevated…’ point out the red SS LS and the blue SS HS traces in A and the corresponding bars in B. 
6. Conclusion (said by authors on camera)
6.1. Oleg Palyginm PhD: While attempting this procedure, it is important to remember that the sensor tip and the surface of the renal cortex are delicate, and, as such, damaging either will impair accurate recordings.

6.2. Alexander Staruschenko, PhD: After watching this video, you should have a good understanding of how to measure endogenous substances in whole organs, such as the kidney.  You will be also able to accurately perform calibrations and the surgical procedures necessary for successful recordings.

6.3. Alexander Staruschenko, PhD: We have applied this method to study ATP and hydrogen peroxide basal levels and their release in the kidney.  However, the same approach could be used to determine concentrations of adenosine, glutamate, glucose and some other substances when corresponding sensors are applied.
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.  

53059_Staruschenko_P1_P2_P3.pptx

53059_Staruschenko_Figure_6A.pptx
53059_Staruschenko_Figure_6B.pptx
53059_Staruschenko_Figure_7AB.pptx
53059_Staruschenko_Figure_11.pptx
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


