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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? Yes.
If yes, please list make and model of your microscope: 
Leica Zoom 2000 - binocular microscope

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? No. 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps:
3.3) 3.6) 3.9) 4.4) 4.16) 5.1) 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  3.3) Impale oocytes gently with both microelectrodes. 

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

Conceptual Narrative:
The overall goal of the following experiment is to investigate the effect of proteases on the epithelial sodium channel, or EnaC (pronounced eenack), heterologously expressed in Xenopus laevis oocytes. (Intro)
This is achieved by first measuring the amiloride-sensitive whole-cell current in an oocyte (P1, Editor, from the “Images for Jove video” file, use the ‘fine measurement’ panel here.)

After allowing the oocyte to recover, it is exposed to protease and the current is measured again  (P2, Editor, first transition to the ‘recovery’ panel here, and then to the ‘exposure to protease’ panel, and finally the ‘second measurement panel’)
Then in parallel, oocytes are biotinylated and subjected to Western blotting  to monitor the appearance of gamma-ENaC cleavage fragments at the cell surface. (P3, Editor, use Figure 3)  

Results are obtained that show a causal link between channel cleavage and channel activation based on a combination of the two-electrode voltage-clamp technique and the biotinylation approach. (P4)
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).  

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Matteus Krappitz: The main advantage of this technique over existing methods, like unpaired measurement, is that the oocyte can be exposed to proteases or other pharmacological agents between the two measurements for a variable length of time in a small volume of test solution.   

Protocol (read by voice talent at JoVE):

2. Two-electrode Voltage-clamp Experiments
2.1. Two days after isolating Xenopus laevis oocytes and injecting with cRNA (pronounce as letters) according to the text protocol, use ND96 (pronounced N-D-ninety six) to fill one syringe of a gravity fed perfusion system and ND96 containing amiloride to fill a second syringe.

2.1.1. WIDE Talent approaches bench with oocytes that have been injected

2.1.2. LAB MEDIA  Slide 3 from ‘Images for JoVE Video’, Editor, use the left side showing the intact oocytes and slowly zoom in on them 
2.1.3. MED/CU Talent holds up syringe filled with ND96 next to container of labeled ND96, sets it down, then begins to fill second syringe with ND96 with amiloride

2.2. After mounting the syringes 50 cm above the bath chamber, turn on a 150 watt halogen cold light source and adjust it to 10 cm above the oocyte bath chamber, allowing good visualization with the binocular microscope.
2.2.1. MED/CU Shot of syringes mounted above bath chamber
2.2.2. MED/CU Talent turns on 150 watt light source and adjusts it to 10 cm above oocyte bath chamber
2.3. Turn on suction and place the suction tube opposite the superfusion tubes adapter in the oocyte bath chamber.

2.3.1. MED/CU Talent turns on suction and places tube opposite superfusion tubes adaptor in bath chamber 

2.4. Next, using the i.v. gravity flow control device, adjust the superfusion speed of each solution to 3-5 ml/min.  Then with an adapter, connect the superfusion tubes to the oocyte bath chamber.  

2.4.1. CU Talent adjusts superfusion speed for each solution to 3-5 ml/min.

2.4.2. CU Talent attaches adapter to tubes and connects them to bath chamber
2.5. Using a micropipette puller, pull glass capillaries to obtain tip diameters of <1 µm.  Then use 3M KCl to fill them ~1/4 full.

2.5.1. MED Talent removes a pulled capillary from the puller

2.5.2. LAB MEDIA Slide 2 from ‘Images for JoVE Video’, begin with the top, large panel and then add in the bottom 400x panel to show the tip diameter
2.5.3. CU Talent fills a capillary ¼ full with 3M KCl from a labeled container

2.6. Insert the capillaries into the electrode holders of the current and the voltage electrode, and with the use of the micromanipulators, place them into ND96 containing amiloride (2 µM) solution.
2.6.1. CU Talent inserts the capillaries into the holders
2.6.2. CU Talent uses micromanipulator 
2.6.3. CU Capillaries moving into ND96 solution
3. Measurement of Amiloride-sensitive Whole-cell Currents 
3.1. To measure amiloride-sensitive whole-cell currents, begin by adjusting the Vm offset button to zero the electrode potential of the voltage electrode, and the Ve offset button to zero the current electrode. 

3.1.1. MED Talent begins to adjust the Vm offset button

3.1.2. CU Talent completes adjusting the Vm offset button to zero the electrode potential

3.1.3. CU Talent adjusts the Ve offset button to zero the current electrode

3.2. Place an oocyte into the bath chamber in close proximity to the voltage sensing electrode.  Then, using both microelectrodes, gently impale the oocyte.
3.2.1. CU Talent places an oocyte into the bath chamber close to voltage sensing electrode
3.2.2. CU/ECU Talent uses both microelectrodes to impale the oocyte 
3.3. Set the amplifier holding potential to -60 mV and turn on the chart recorder. Then turn on the amiloride containing solution.
3.3.1. CU Talent sets amplifier holding potential to -60 mV
3.3.2. CU Talent turns on chart recorder
3.3.3. CU Talent turns on amiloride containing solution
3.4. Next, start recording and if necessary, adjust the gain.  After the measured current reaches a stable plateau, switch to amiloride-free solution.
3.4.1. CU of screen of chart recorder as talent starts recording
3.4.2. MED/CU Talent adjusts gain
3.4.3. CU of current at stable plateau
3.4.4. CU Talent switches to amiloride free solution
3.5. Once a current plateau is reached, switch the perfusion back to the amiloride containing solution.  Then, after the current of the oocyte reaches the initial baseline current, turn off the voltage clamp by switching to zero current clamp mode, and gently withdraw the electrodes.
3.5.1. CU Current plateau in amiloride free solution

3.5.2. MED/CU Talent switches back to amiloride containing solution

3.5.3. CU of current of oocyte as it reaches initial baseline current

3.5.4. CU Talent switches to zero current clamp

3.5.5. CU Talent gently withdraws the electrodes

3.6. To allow resealing of the plasma membrane at the sites of impalement, place the oocyte into one well of a 96-well plate containing 100-150 µl of protease-free ND96 solution for 5 minutes before transferring the oocyte to a protease containing solution, or to a control solution without protease for 30 minutes.

3.6.1. CU Talent places oocyte into well of 96 well plate of ND96

3.6.2. CU Talent transfers oocyte into well containing protease containing solution - have wells labeled
3.7. After the incubation, repeat the current measurement.
3.7.1. MED OVER SHOULDER Talent taking current measurement again

4. Biotinylation Assay and Detection of ENaC Cleavage Fragments at Cell Surface by Western Blot
4.1. After discarding defective oocytes under the stereomicroscope, prepare ND96 with and without appropriate protease.  Prepare Pasteur pipettes by labeling them and briefly flame their tips to avoid injury of the oocytes.

4.1.1. LAB MEDIA Slide 3 from ‘Images for JoVE Video’ showing intact oocytes and defective oocytes, Editor, point out the defective embryos
4.1.2. MED/CU Talent places bottle of protease free ND96 on bench next to protease containing ND96

4.1.3. CU Talent labels a Pasteur pipette and sets on bench next to other labeled pipettes

4.1.4. CU Talent flames tips of pipettes

4.2. Fill each well of a 6-well plate with 2.5 ml of room temperature ND96 or ND96 containing a protease.  Then add 30 oocytes per well and incubate them for 30 minutes at room temperature.
4.2.1. CU Talent fills wells of 6 well plate with ND96 or ND96 with protease
4.2.2. ECU Talent adds oocytes to final well next to other wells of oocytes
4.3. After adding 2.5 ml of ND96 to the wells of a new 6-well plate, transfer each group of oocytes to a well filled with ND96.  
4.3.1. CU of 6 well plate with ND96 in wells and biotinylation buffer next to it
4.3.2. CU Talent transfers oocytes to a well of ND96

4.4. Move the oocytes sequentially into two additional wells with ND96 to wash off any remaining protease and incubate them in the final well for 5 minutes. Prepare biotin in biotinylation buffer according to the text protocol. After placing each group of oocytes into a well containing 2.5 ml of biotinylation buffer, incubate for 15 minutes with gentle agitation.
4.4.1. CU Talent transfers oocytes to an additional (final) well
4.4.B   Added shot: 6 well plate with biotinylation buffer
4.4.2. 4.4.3 MED/CU Talent transfers oocytes to well containing biotinylation buffer
4.4.3. 4.4.4 MED Talent places plate on shaker/rocker
4.5. Then, after placing each group of oocytes into a well containing 2.5 ml of quench buffer to stop the biotinylation reaction, transfer them to a second well of quench buffer and incubate for 5 minutes with gentle agitation.

4.5.1. MED/CU Talent transfers oocytes to well containing quench buffer

4.5.2. MED Talent places plate on shaker/rocker

4.6. Transfer each group of oocytes to a 1.5 ml microcentrifuge tube and, using 1 ml of lysis buffer supplemented with protease inhibitors, lyse the oocytes by passing them through a 27-gauge needle.
4.6.1. CU Talent transfers a group of oocytes to microfuge tube
4.6.2. CU/ECU Talent passes oocytes through 27-gauge needle
4.7. Centrifuge the lysates for 10 minutes at 1500 x g, transfer the supernatant to a new 1.5 ml tube containing Triton-X-100 and NP40, and incubate the tubes on ice for 20 minutes, repeatedly vortexing the tubes to dissolve the proteins.
4.7.1. MED Talent places tubes into centrifuge; B need another version for 4.9.1 below
4.7.2. CU Talent transfers supernatant to a new tube of Triton-X-100 and NP40
4.7.3. MED/CU Talent places last of tubes on ice
4.7.4. MED/CU Talent vortexes a tube
4.8. After equilibrating 100 µl of agarose beads per oocyte group, add them to the protein-detergent solutions and incubate the samples with overhead rotation at 4 °C overnight.
4.8.1. CU Talent adds agarose beads to a tube of sample
4.8.2. WIDE/MED Talent places samples in rotator at 4 degrees C
4.9. The following day, centrifuge the samples for 3 min at 1,500 x g. Then transfer the supernatant into a new tube (TEXT: store at-20 °C).
4.9.1. MED Use 4.7.1B here

4.9.2. CU/ECU  Talent pipettes up supernatant and expels into new tube

4.10. To detect ENaC cleavage fragments at the cell surface, prepare gel samples by using lysis buffer to wash the beads three times before adding 2X SDS-PAGE sample buffer.
4.10.1. CU Talent adds lysis buffer to beads
4.10.2. CU Talent adds 2X sample buffer to tubes
4.11. After centrifuging the samples for 3 minutes at 20,000 x g, pipette the supernatant into new microfuge tubes.  Analyze the samples by Western blot according to the text protocol.
4.11.1. MED Talent removes samples from centrifuge, Editor, get enough footage for both sentences here
4.11.2. CU Talent pipettes supernatant into new tubes; videographer get enough footage here for the last sentence of the VO
5. Results: Proteolytic Activation of the Epithelial Sodium Channel 
5.1. To investigate whether the serine protease plasmin can activate ENaC-mediated currents, the ΔIami (pronounced delta eye ami) of individual ENaC-expressing oocytes was determined before and after a 30 min incubation of the oocytes in protease-free or plasmin-containing solution using the two-electrode voltage clamp technique.
5.1.1. LAB MEDIA Figure 2A and B, Editor, point out A (control) for protease-free and B (plasmin) for plasmi-containing 
5.2. As shown here, exposure to plasmin increased ΔIami in every oocyte measured. In contrast, incubation in protease-free solution had a negligible effect
5.2.1. LAB MEDIA Figure 2C and D
5.3. This figure compares the effect of chymotrypsin on wild-type ENaC and on ENaC with mutated prostasin and plasmin cleavage sites.  As seen here, the mutant channel delays and reduces the activation of ENaC-mediated current by chymotrypsin.  In addition, it generates a cleavage fragment at a reduced rate compared to the wild type ENaC.  
5.3.1. LAB MEDIA Figure 4A, and B-E, Editor, place D to the right of B, C under B and E under D; Editor, with the VO, ‘As seen here…’ point out panel A, then for ‘In addition…at a reduced rate’, point out panel D and then panel B for ‘compared to wild type ENaC.’ 
6. Conclusion

6.1. Author name Dr. Silke Haerteis: After watching this video, you should have a good understanding of how a combination of the described methods can be used to correlate the stimulatory effect of proteases on ENaC currents with the occurrence of cleavage products at the cell surface. This may be useful for a broad range of applications, e.g. to address similar questions regarding the regulation of other ion channels, transporters or transmembrane receptors.
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, 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, as well as an introduction to your videographer, closer to your filming date.
( 2011, Journal of Visualized Experiments


