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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 (Oocyte chamber and microelectrode manipulation)__ If yes, please list make and model of your microscope: ___ Nikon Eclipse FN1 (Fluorometry Rig)____
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps______________3.2, 4.4, 5.4, 5.7, 5.9, 5.17____________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? The most difficult and unique aspect of this procedure is placement of the top chamber on the oocyte. Determining the appropriate pressure to isolate the top of the oocyte while not damaging the cell requires repeated practice.

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 obtain low noise recordings of ionic and gating currents from voltage-dependent ion channels expressed in Xenopus oocytes with high temporal resolution of fast channel kinetics. (Intro)

This is accomplished by first injecting the recorded (Video editor, add the red arrow and the black “S” trace here) ionic channel mRNA into the frog oocytes. (P1)

The second step is to create agar bridges (Video editor, show the cartoon at the left (a horizontal grey bar at the top and the fire with the curved horizontal bar at the bottom) by shaping the capillary tubing and then (Video editor, add the cartoon in the middle “the yellow cylinder” and the yellow curved bar at the right) filling the tubing with a salt containing agar solution.  (P2)

Next, the cut-open rig is prepped for experimentation by placing all the components, including the oocyte and agar bridges, into designated locations. (P3)

The final step is to insert (Video editor, add red arrow here) the microelectrode into the oocyte to allow for voltage clamp recordings. (P4)

Ultimately, the recording protocol is used to show ionic currents from the ion channels located in the oocyte membrane. (P5)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Michael:  The main advantage of the cut-open voltage clamp technique is that it allows for stable, low noise recordings from a large ion channel population. It also allows for resolution of rapid channel kinetics.
1.2. Zoltan:  Visual demonstration of this method is critical as some steps such as the placement of the oocyte, the top chamber, and the agar bridges and impalement with the electrode are difficult to learn. 

Protocol (read by voice talent at JoVE):
2. Agar Bridge and Cut-Open Rig Preparation
2.1. In this procedure, make at least six agar bridges by heating up one end of a borosilicate capillary tube in a medium flame for each of them.  Make sure that the end of the capillary tubing is in the top portion of the blue flame.
2.1.1. MED-over the shoulder:  Talent makes an agar bridge with a borosilicate capillary tube in a medium flame.
2.1.2. CU:  The borosilicate capillary tube as it is placed in the top portion of the flame.
2.2. Once the capillary tube has heated up, use the forceps to make a 90° bend.  The bending site should have a smooth curvature rather than an abrupt corner or it may significantly reduce the internal diameter of the glass, which makes filling more difficult and increases the resistance of the bridge.
2.2.1. MED-over the shoulder High Angle:  Talent makes a 90° bend on the capillary tube.
2.2.2. CU:  The capillary tube as it is being bent. 
2.3. Subsequently, heat the capillary tube approximately 25 mm from the unbent end.  Make a second 90° bend at this location in the same direction as the first bend. After the capillary tubes have cooled down, use a diamond-tipped glasscutter to trim the “legs” of the bridge to approximately 5 mm.
2.3.1. CU:  The capillary tube as it is flipped around and the unbent end is heated up.
2.3.2. [combined with 2.3.1] CU:  The capillary tube as a 90° bend is made.
2.3.3 CU:  The capillary tube as a diamond-tipped glasscutter is used to trim score the “legs” of the bridge to approximately 5 mm.
2.3.4	[added shot] CU: The excess glass broken off the legs of the capillary tube using the score marks.
2.4. Next, insert platinum wires into the capillary tubes of the three “current-supplying” bridges. Cut off any excess platinum wire so that there is no wire exposed outside of the tube. Push the platinum wire further into the capillary tube with a fine tipped implement so that the wire is 1 mm shorter than the glass on both ends of the capillary tube.
2.4.1. MED-over the shoulder:  Talent inserts a platinum wire into the capillary tube and cuts off the excess wire with scissors.
2.4.2. [added shot] Talent uses a pipette tip to push the ends of the wire further into the capillary tube.
2.4.2 2.4.3	CU:  The completed capillary tube, which shows that the wire is 1 mm shorter than the glass on both of its ends. 
2.5. Then, add the capillary bridges one at a time to a premade agar solution with the legs facing up. Once there are no air bubbles or pockets in the bridges, retrieve the bridges from the agar solution and place the bridges on a paper towel to dry.  Alternatively, fill the bridges by pushing agar solution through a syringe attached to a small pipette tip.
2.5.1. MED-over the shoulder:  Talent adds the capillary bridges one at a time to a premade agar solution with the legs facing up.
2.5.2. CU:  The bridges as they are retrieved from the agar solution.
2.5.3.  MED-over the shoulder:  Talent fills the bridges by pushing agar solution through a syringe attached to a small pipette tip.
2.6. Afterward, prepare the cut-open rig under a dissecting microscope by applying a small amount of Vaseline around the edge of the hole on the top side of the middle chamber and the bottom side of the upper chamber with a very fine-tipped object. Then, add 3M KCl solution into the manifold slots holding Ag/AgCl pellets.
2.6.1	SCOPE:  A movie to show that a small amount of Vaseline is applied around the edge of the hole on the top side of the middle chamber and the bottom side of the upper chamber with a very fine-tipped object.
2.6.1A	[added] A movie to show that a small amount of Vaseline is applied around the edge of the hole on the top side of the middle chamber.[use take 1] 
2.6.2	[added] Talent uses pipette pump to fill manifold slots with KCl.

3. Cut-Open Procedure
3.1. In this step, install the top chamber without an oocyte.  Slide the top chamber off-center so that the holes in the two chambers do not overlap.  Then, fill all the chambers with external solution and place all the electrodes in their respective chambers.
3.1.1. MED-over the shoulder:  Talent installs the top and middle oocyte chambers.
3.1.2. CU:  The top chamber as it is slid off-center so that the holes in the two chambers do not overlap.
3.1.3. [added shot] Talent fills all the chambers with external solution.
3.1.3	3.1.4	MED-over the shoulder:  Talent places all the electrodes in their respective chambers filled with external solution.
3.2. After that, make sure the external command and both clamps are turned off.  Check the current reading on the amplifier, and adjust the P offset on the back of the bath/guard headstage to zero current with a small screwdriver. 
3.2.1. MED-over the shoulder:  Talent turns off the external command and both clamps.
3.2.2. MED-over the shoulder:  Talent adjusts the P offset on the back of the bath/guard headstage to zero current.
3.2.3. [addedshot] Shot to show the clamp voltage change as the offset is changed to 0.
3.3. Subsequently, switch the bath/guard switch on the amplifier to active.  Then, adjust the GS offset on the bath/guard headstage to obtain zero current with a small screwdriver.  Repeat between “active” and “passive” until both are reasonably close to zero (Text overlay: < 100 nA).
3.3.1. MED-over the shoulder:  Talent switches the bath/guard switch on the amplifier to active. 
3.3.2. MED-over the shoulder:  Offscreen: Talent adjusts the GS offset on the bath/guard headstage to obtain zero current with a small screwdriver.
3.3.3. CU:  The bath/guard headstage as “active” and “passive” are repeated until both are reasonably close to zero.  Text overlay: < 100 nA. [reuse footage from 3.3.1 if necessary to show] 
3.4. Next, remove the agar bridge ends and top chamber.  Transfer an oocyte into the middle bath chamber using a pipette pump.  Make sure the oocyte is positioned over the hole in the center of the bath.  Then, remove excess external solution from the bottom bath using a pipette pump to create a seal between the oocyte and bath surface.
3.4.1. MED:  Talent removes agar bridge ends and the top chamber.
3.4.2. MED-over the shoulder:  Talent transfers an oocyte into the middle bath chamber using a pipette pump.
3.4.3. CU:  The oocyte as it is positioned over the hole in the center of the bath.
3.4.3A	[added shot] SCOPE: Oocyte correctly positioned over the in the center bath.
3.4.4. MED-over the shoulder:  Talent removes excess external solution from the bottom bath using an aspirator a pipette pump.
3.5. Now, place the top bath chamber over the oocyte so that the hole in the chamber is centered on top of the oocyte.  Using a thumb, middle finger, and tweezers, slowly apply pressure down on the chamber until it is pressed tightly against the oocyte in order to expose only a small portion of the membrane to the upper bath through the hole.  Afterward, add external solution to the top and bottom baths until they are almost full.
3.5.1. MED-over the shoulder:  Talent places the top bath chamber over the oocyte so that the hole in the chamber is centered on top of the oocyte.
3.5.2. CU:  The chamber as talent slowly applied pressure down on it.
3.5.2A	[addeds shot] SCOPE: Chamber correctly placed on top of the oocyte without added external solution in the top chamber.
3.5.2B	[added shot] SCOPE: Chamber correctly placed on top of the oocyte with external solution in the top chamber. [use whichever one has the best view of the occyte patch]
3.5.3. MED-over the shoulder:  Talent adds external solution to the top and bottom baths until they are almost full.
3.6. Then, place the free legs of the agar bridges into the external solution of each bath.  Make sure that each bridge is resting in its correct bath location (Text overlay:  Refer to the accompanying manuscript for details).
3.6.1. MED-over the shoulder:  Talent places the free legs of the agar bridges into the external solution of each bath.
3.6.2. CU:  The bridge as it is rested in its correct bath location.  Text overlay:  Refer to the accompanying manuscript for details.
3.6.3. MED-over the shoulder:  Talent switches the bath/guard switch on the amplifier to active.
3.7. Start a test protocol in the recording software. Upon applying a 100 mV pulse that is greater than 300 nA, a trace as shown should occur. However, if the trace shows vertical displacement of the horizontal section between the two peaks, then increase the tightness of the top chamber on the oocyte.  Subsequently, switch the bath/guard switch on the amplifier to active.
3.7.1. MED-over the shoulder:  Talent starts a test protocol on the computer monitor.
3.7.2. SCREEN: A movie screenshot to show that the pulse shows vertical displacement of the horizontal section between the two peaks a proper pulse result from the test protocol upon applying a 100 mV pulse that is greater than 300 nA.
3.7.3. MED-over the shoulder:  Talent increases the tightness of the bath cover top chamber. [can use footage from 3.5.1 for this shot] 
3.7.4. [added shot] MED-over the shoulder:  Talent switches the bath/guard switch on the amplifier to active. Changes in the test pulse can be on the monitor.
3.8. Next, remove the external solution in the bottom bath and replace with saponin solution.
3.8.1. MED-over the shoulder:  Talent removes the external solution in the bottom bath and then adds saponin solution.
3.9. After the saponin solution has been added, observe the repeating test pulse on the computer monitor.  If the peak of the test protocol reduces or disappears, it indicates that there is a bubble below the oocyte.  In this case, completely replace the saponin solution with new saponin solution.
3.9.1. MED-over the shoulder:  Talent observing the repeating test pulse on the computer monitor.
3.9.2. SCREEN:  A movie to show that the peak of the test protocol reduces or disappears. (Peak disappears at around 14s into the movie).
3.9.3. (First half of shot) MED-over the shoulder:  Talent adds new saponin solution.
3.10. The oocyte has been permeabilized when the downward slope of the voltage spike in the test protocol decreases.  Once the cell is permeabilized, remove the saponin solution and fill the bath with internal solution.  Then, stop the test protocol.
3.10.1. SCREEN:  A movie to show that the downward slope of the voltage spike in the test protocol decreases. External solution removed from the bottom chamber at 16s and then the saponin solution is put in at 30s. 40s-1:20 shows the decreasing downward slope. 1:36 shows the final decreased slope trace with all the other previous traces removed.
3.10.2. 3.9.2	(Second half of shot) MED-over the shoulder:  Talent fills the bath with internal solution.
3.10.3. MED-over the shoulder:  Talent clicks on the stop icon in the recording software to stop the test protocol.
3.11. Next, check for any possible contact between the solutions in different baths and crystallized KCl between the wells of the manifold as these can cause short circuits and erratic behavior.  If there is solution contact between the baths, aspirate the excess solutions out of the two baths.  
3.11.1. MED-over the shoulder:  Talent checks for any possible contact between the solutions in different baths and crystallized KCl between the wells of the manifold.
3.11.2. MED-over the shoulder:  Talent aspirates the excess solutions out of the two baths.
3.12. For crystallized KCl, use a squirt bottle to wash off the crystallized KCl and then aspirate the leftover water.  Then, use a modified syringe to inject 3M KCl into a microelectrode.  Flick the microelectrode several times.
3.12.1. MED-over the shoulder:  Talent uses a squirt bottle to wash off the crystallized KCl.
3.12.2. CU:  The microelectrode as a modified syringe is used to inject 3M KCl into it.
3.12.3. CU:  The microelectrode as it is flicked several times.
3.13. Now, mount the KCl-filled electrode on the micromanipulator arm by inserting the wire filament into the open microelectrode end.  Push the end of the microelectrode into the filament holder and make sure the electrode is not loose.  After that, tighten the electrode fastener. Then, swing the micromanipulator arm into position over the oocyte baths and tighten the clamps to prevent further arm movement.
3.13.1. MED-over the shoulder:  Talent inserts the wire filament into the open microelectrode end.
3.13.2. CU:  The filament holder is shown as the end of the microelectrode is pushed into it.
3.13.3. CU:  The filament holder as the electrode fastener is tightened.
3.13.4. [added shot] Talent swings the electrode micromanipulator arm into place and tightens the clamps.
3.14. Lower the electrode until the electrode tip just breaks the surface of the liquid in the bath.  Press the V1 button on the oocyte voltage clamp and then adjust the V1 offset knob to reduce the V1 voltage to zero.  Perform the same adjustment for V2.  The potential difference V1-V2 should read 000 mV on the voltage clamp display.
3.14.1. [added shot] MED: Shot of the talent lowering the electrode into the solution.
3.14.1 3.14.2	SCOPE:  A movie to show that the electrode is lowered until the tip just breaks the surface of the liquid in the bath.
3.14.2 3.14.3	MED:  Talent presses the V1 button and adjusts the V1 offset knob to reduce the V1 voltage to zero on the oocyte voltage clamp.
3.14.3 3.14.4	CU:  The voltage clamp as the Shot as the adjustment is made for V2.
3.14.4 3.14.5	CU:  The voltage clamp as 000 mV is displayed.
3.15. After that, continue to lower the electrode down towards the visible patch of the oocyte in the top bath while looking through the microscope.  Once the microelectrode is very close to the oocyte, watch the V1-V2 reading to see when the electrode enters the oocyte.  The V1-V2 voltage will become negative when the microelectrode enters the cell.
3.15.1. SCOPE:  A movie to show the electrode is lowered down towards the visible patch of the oocyte in the top bath.
3.15.2. [added shot] MED: Shot of the talent watching the V1-V2 reading while lowering the electrode.
3.15.2 3.15.3	CU:  The voltage clamp as its reading indicates the electrode enters the oocyte.
3.15.4	[added shot] SCOPE: Shot of the electrode properly puncturing in the oocyte.
3.16. At this time, open the data collection protocol in the recording software. Flip the clamp switch on the oocyte voltage clamp amplifier to the “ON” setting. Next, adjust the potential to match the command by adjusting the knob located on the “I” headstage.  Then, start recording currents by commencing the data recording protocol.
3.16.1. [added shot] Shot of talent opening the data collection protocol in the recording software.
3.16.2.  [added shot] Shot of the talent turning on the clamp switch.
3.16.1 3.16.3	MED-over the shoulder:  Talent adjusts the potential to match the command by adjusting the knob located on the “I” headstage.
3.16.2 3.16.4	MED-over the shoulder:  Talent starts recording currents.

4. Results:  The Xenopus Oocyte Cut-Open Vaseline Gap Voltage-Clamp Technique with Fluorometry 
4.1. Here are the selected test pulse traces during oocyte permeabilization.  The increase of the time constant of decay seen in the traces demonstrates an increase of oocyte permeabilization.
4.1.1. LAB_MEDIA:  51040_Silva_Figure 4 [This should only be used if the movie in 3.10.1 is not used] 
4.2. This figure shows the wild type sodium channel (Text overlay: NaV1.5) results from cut-open voltage-clamping. (Video editor, zoom in A) Here are the traces of recorded current from different voltage stimuli.  (Video editor, zoom in B) The I-V curve shown here represents the voltage-dependence of peak current.
4.2.1. LAB_MEDIA:  51040_Silva_Figure 6.  Text overlay: NaV1.5
4.3. This figure shows an example of the voltage-clamp fluorometry results of an oocyte.  The fluorescence signals were recorded from an oocyte labeled with MTS-TAMRA at a cysteine inserted at position 805 in the DII domain of the human cardiac sodium channel.
4.3.1. LAB_MEDIA:  51040_Silva_Figure 7


5. Conclusion (said by authors on camera)
5.1. Angela: While attempting this procedure, it’s important to remember to have the voltage clamp turned off until you have entered the cell and to turn off the clamp once you are exiting the cell. Failure to do this can cause damage the agar bridges and they will likely need to be replaced.

       

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.  
3.7.2- 3_7_2_Good Displacement.png -   A screenshot to show a proper pulse result from the test protocol

3.9.1- 3_9_1_Loss_of_Test_Pulse.avi -  A movie to show that the peak of the test protocol reduces or disappears. (Peak disappears at around 14s into the movie).

3.10.1- 3_10_1_Saponin_Capture.avi -  A movie to show that the downward slope of the voltage spike in the test protocol decreases. External solution removed from the bottom chamber at 16s and then the saponin solution is put in at 30s. 40s-1:20 shows the decreasing downward slope. 1:36 shows the final decreased slope trace with all the other previous traces removed.


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.
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