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Authors, please fill out the brief questionnaire below.   


A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____Yes_____ If yes, please list make and model of your microscope: _ (1) Wild (Heerbrugg) low-power dissecting microscope; (2) Olympus, Model IMT-2, Inverted microscope
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No_ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_(3.2a-h below) Film the fabrication of injection pipets, filling the pipet with C-RNA solution and C-RNA injection into Xenopus oocytes under a dissecting microscope.  (4.3a-c below) Film the two-electrode voltage clamp setup.  Film oocyte with electrodes under an inverted Olympus microscope.  Film patch-clamp setup .  (5.3a-g below) Under the inverted Olympus microscope, film the attachment of patch-clamp electrode on oocyte and the patch-clamp electrode detached from the oocyte with an excised membrane patch.  Film Dr. Teng applying suction to establish seal and then additional suction to the excised patch.  Film the computer screen of the resulting records. _________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _No steps are particularly difficult for researcher generally familiar with electrophysiology._____________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  


Conceptual Narrative:
The overall goal of the following experiment is to examine the mechanosensitivity of TRPV4 ion channel. (Intro)

This can be achieved by (Video editor, use Figure 1A here) transforming yeast cells with TRPV4 gene and (Video editor, use Figure 1B here) examine the hypotonically induced Ca2+ entry through transgenic aequorin using a luminometer. (P1)

This can also be examined with the electrophysiological approach.  (Video editor, have the “circle” appeared here) TRPV4 cRNA is first generated and injected into Xenopus oocytes.  After incubation, oocytes are examined by (Video editor, have the rest of the picture of C2 added here including the two “triangular electrodes”, 5 arrows and text) two-electrode voltage clamp upon the hypotonic challenge.  (P2)  
Video editor, use C2 from the “Graphic illustration” file for P2.

To examine the mechanosensitivity at the single-channel level, suctions are applied to the membrane patches excised from the oocytes. (P3)
Video editor, use Figure 2B for P3.

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).   
P1
[image: ]
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P2
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P3
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   
· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    
· Enter the name of the individual who will say each line. 
· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)


1.1. Prof. Ching Kung:  I am Prof. Ching Kung. Previously, the activities of TRPV4 ion channel were largely shown by FURA-2 fluorescence. The methods developed here provide powerful and quantitative alternatives to examine the mechanosensitivity of TRPV4. In the first method, we adopted the use luminometry through transgenic aequorin to examine the mechanosensitivity of TRPV4 in budding yeast.  In the second method with the electrophysiological approach, the properties of TRPV4 are examined after the expression of TRPV4 cRNA in Xenopus oocytes. The basic methods of oocyte electrophysiology, such as the removal of the vitelline membrane and GigaOhm-seal formation, have been demonstrated in the work of Brown, Johnson, and Goodman published in this very journal in 2008. Here, we will show additional steps needed to study the mechanosensitivity of TRPV4.
1.2. Prof. Ching Kung:  This is Dr. Jinfeng Teng, my co-worker.  She will demonstrate the fabrication of the injection pipets, filling pipets with cRNA solution, and injecting the solution into oocytes.    In addition, she will demonstrate patch-clamp recording in on-cell and in excised inside-out mode.  She will also show the activation of the mechanosensitive channel native to the oocyte membrane as well as results of the activation of herterologously TRPV4.


Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Yeast luminometry method  
2.1. Begin this procedure by culturing 2 ml of yeast cells overnight to post-logarithmic phase in “DCD-leu” dropout medium supplemented with 1M sorbitol in a 30oC shaker.  The next day, inoculate 200 l of the culture into 1,800 l fresh medium supplemented with 2 M luciferin coelenterazine.  Then, grow in the dark at room temperature for another 24 hours without shaking. 
2.1.1. CU:  The cultured cells being placed in a 30oC shaker.  
2.1.2. MED-over the shoulder:  Talent inoculates 200 l of the culture into 1,800 l fresh medium supplemented with 2 M luciferin coelenterazine.
2.1.3. MED:  Talent places the culture in the dark at room temperature.
2.2. Right before dilution, measure the osmolarity of the 1M-sorbitol enriched culture (Text overlay: Typically at 1,400 mOsM) and the NaCl using a vapor pressure osmometer.  Next, aliquot 20 l fresh culture into a 12-mm luminometer tube for a single tube luminometer.
2.2.1. MED-over the shoulder:  Talent measures the osmolarity of the 1M-sorbitol enriched culture and the NaCl using a vapor pressure osmometer. Text overlay: Typically at 1,400 mOsM.
2.2.2. CU:  The fresh culture as it is aliquoted into a 12-mm luminometer tube. (TEXT: This step should be performed in the dark, but is being done in the light for filming purposes.)
2.3. For the hypotonic shock, add 200 l solution containing 25 mM NaEGTA at pH 7.2 or NaMES at pH 7.2, and 500 to 100 mM NaCl, to 20 l of the culture at 1,400 mOsM.    Continuously monitor the luminescence before, during, and at least 120 sec after the osmotic downshock, interrupted only by the brief dilution operation.  Register the luminometer output on the computer as relative luminescence units (Text overlay: RLU: relative luminescence units).
2.3.1. MED-over the shoulder:  Talent adds 200 l solution to 20 l of the culture. (TEXT: This step should be performed in the dark, but is being done in the light for filming purposes.)
2.3.2. MED:  Talent monitors the luminescence as numerical output on a monitor screen before, during, and after the osmotic downshock. (TEXT: This step should be performed in the dark, but is being done in the light for filming purposes.)
2.3.3. MED-over the shoulder:  Talent shows the final luminometer output as a curve, derived from the numerical output.  Text overlay: RLU: relative luminescence units.

3. Oocyte electrophysiology method    
3.1. In this procedure, pull a micropipette with a pipette puller.  The micropipette should have a long shank. 
3.1.1. MED-over the shoulder:  Talent places a capillary in the pipette puller.
3.1.2. CU:  The pulled micropipette with a long shank in the puller.
3.2. Under a dissecting microscope, carefully pinch the shank of the pulled micropipette at the appropriate point to create an opening.  The micropipette opening should be about 30 micrometer in diameter to facilitate the filling and ejection of cRNA solution.  
3.2.1. MED:  Talent looking through the eyepieces of the microscope and about to pinch the micropipette. 
3.2.2. SCOPE:  A movie to show the pinching of the shank of the pulled micropipette.
3.3. Here are the microinjector and the pipette holder.  This is the control with the uptake and ejection functions clearly marked.
3.3.1. CU:  The microinjector and the pipette holder.
3.3.2. MED:  Talent pointing at the “Fill” button and the “Inject” button.
3.4. After backfilling the pipette with mineral oil, mount it onto the holder.  Then, lower it into a drop of cRNA solution.  Subsequently, fill the pipette by the microinjector automatically.
3.4.1. MED:  Talent backfills micropipette with mineral oil, and then mounts it onto the holder. 
3.4.2. MED-over the shoulder:  Talent manipulating the pipette into a drop of cRNA solution.
3.4.3. CU:  The control as the “fill” button is pushed.
3.5. Under the dissecting microscope, select an oocyte.  Then, lower the filled micropipette to penetrate the oocyte.  After the micropipette has been inserted in it, start the cRNA injection.
3.5.1. SCOPE:  A microscope movie to show the selection of an oocyte.
3.5.2. SCOPE:  A microscope movie to show that the filled micropipette being lowered to penetrate the oocyte.
3.5.3. MED-over the shoulder:  Talent pressing the “inject” button of the control.
3.6. After about 30 oocytes have been injected, transfer them to the ND96 medium containing ruthenium red and gentamicin.  Next, transfer them individually to a 96-well plate containing the ND96 medium.  At the end, place them in the incubator for several days to allow the expression of TRPV4 channels.
3.6.1. MED-over the shoulder:  Talent transfers the oocytes to the ND96 medium containing ruthenium red and gentamicin.
3.6.2. CU:  The 96-well plate containing the ND96 medium as individual oocyte is transferred to it.
3.6.3. MED:  Talent places the plate in the incubator.

4. Two-electrode voltage-clamp 
4.1. In this step, pull the recording pipettes for voltage-measurement and current-injection from the 100-l borosilicate glasses with a pipette puller.  The pipette electrodes should have a tip aperture of about 1 m diameter.
4.1.1. MED-over the shoulder: Talent pulls 1-2 pipettes from the 100-l borosilicate glasses with the pipette puller.
4.1.2. ECU:  The tip of a pipette showing the aperture of 1 m diameter.
4.2. Next, backfill the electrodes with 2M KCl, which will result in 0.1–0.2 MOhm resistance.  Mount them on the HS2A headstages, which together with a VG-2Ax100 virtual-grounded bath clamp, are connected to a GeneClamp 500 amplifier interface through a Digidata 1440 digitizer, and the data is acquired using pClamp10 software. 
4.2.1. MED-over the shoulder: Talent backfills the electrodes with 2M KCl.
4.2.2. MED-over the shoulder: Talent mounts the electrodes on the HS2A headstages.
4.2.3. CU:  The VG-2Ax100 virtual-grounded bath clamp, then the GeneClamp 500 amplifier.
4.3. Two electrophysiological methods are used to examine the mechanosensitivity of TRPV4.  The first method is the two-electrode voltage-clamp and this is the setup.  
4.3.1. MED:  Talent showing the two-electrode voltage-clamp setup.
4.4. These two are the micromanipulators that hold the voltage-control electrode and the current-injection electrode.   
4.4.1. CU:  The two micromanipulators.
4.5. Sitting at the stage of the inverted microscope is the recording chamber.  To perform recording, a Xenopus oocyte is placed in the chamber, and the two electrodes are inserted in it through micromanipulation.
4.5.1. CU:  The recording chamber.
4.5.2. SCOPE:  An image of an oocyte with two inserted electrodes.
4.6. The solution bathing the oocyte in recording chamber is in a continuous flow through gravity feed.  The inlet into the chamber is connected through tubings to a manifold, fabricated with a bank of syringe shells; each shell is filled with a different solution. 
4.6.1. CU:  The recording chamber together with the gravity system that supports the continuous flow of bathing solution. 
4.6.2. CU:  The tubings that connect the inlet of the chamber to a manifold. 
4.7. The content of the bath is changed by closing or opening of different clamps on the tubings.  Changing the bath from a high to low osmolarity delivers one form of mechanical stimulation.
4.7.1. MED:  Talent pointing at the clamps on the tubings.

5. Patch clamp examination of direct mechanosensitivity
5.1. Now, fill the pulled glass pipettes with the internal solution (Text overlay:  Internal solution: 98 mM KCl, 1 mM MgCl2, and 10 mM K+-HEPES, pH 7.2).  The setup for patch-clamp is similar to that for voltage-clamp, with the electrode mounted on the head stage and then secured on the micromanipulator.
5.1.1. MED-over the shoulder:  Talent fills the pulled glass pipettes with the internal solution.  Text overlay:  Internal solution: 98 mM KCl, 1 mM MgCl2, and 10 mM K+-HEPES, pH 7.2.
5.1.2. CU:  The electrode mounted on the head stage, then on the micromanipulator.
5.2. [bookmark: _GoBack]Attach the patch clamp pipette to a 5-ml syringe and a manometer.  
5.2.1. Talent points to tubings connecting the pipette, the manometer, and a 5-ml syringe.
5.3. The patch-clamp electrode is manipulated onto the surface of the oocyte after the removal of the vitelline membrane.  
5.3.1. MED:  Talent looking through the eyepieces of the microscope while manipulating the patch-clamp electrode.
5.4. Apply continuous suction to adhere the patch to the pipette tip, which would increase the electric resistance to the test current pulse.  When the resistance is large enough, indicating the successful formation of a gigaOhm seal, the electrode with the patch is then withdrawn from the oocyte, to establish the “excised inside-out” recording mode.
5.4.1. SCOPE:  A movie to show the patch-clamp electrode approaching the surface of the oocyte.
5.4.2. SCOPE:  A movie to show the electrode being withdrawn from the surface of the oocyte.
5.5. Then, apply suction pulses onto the excised patch.
5.5.1. MED:  Talent applies suction pulses with the syringe.
5.6. There is a 40 pS mechanosensitive channel native to the Xenopus oocyte.  Here shows the activation of these channels when a suction pulse is applied. 
5.6.1. SCREEN:  A movie to show a 40 pS mechanosensitive channel native to the Xenopus oocyte, and these channels are activated when a suction pulse is applied.
5.7. In the membrane patches excised from oocytes successfully expressing TRPV4, the activation of the 90 pS unitary conductance of TRPV4 can be observed in a similar manner.
5.7.1. SCREEN: A movie to show the activation of the 90 pS unitary conductance of TRPV4.
	 
6. Results:  Yeast Luminometric and Xenopus Oocyte Electrophysiological Examinations of the Molecular Mechanosensitivity of TRPV4 
6.1. Shown here is the rat TRPV4 expressed in yeast responding to hypotonic shock.  (B) A 750 mOsM hypotonic shock (Video editor, add arrow heads and text “750 mOsM downshock here) triggers a large luminescence increase in TRPV4 transformants (Video editor, add text “TRPV4” here), but not in transformants of an empty plasmid (Video editor, add text “empty plasmid” here), or plasmid bearing a TRPV4 with a mutation in its ion filter (Video editor, add text “M680K” here).  
6.1.1. LAB_MEDIA: 50816_Kung_Figure 1B
6.2. And here is the dose-response relation between the hypotonic shock and the peak response.  
6.2.1. LAB_MEDIA: 50816_Kung_Figure 1C
6.3. The whole-oocyte macroscopic-current responses to hypotonic stimuli were examined with a two-electrode voltage-clamp.   The peak currents from an oocyte expressing very high levels of wild-type TRPV4 upon 100-msec voltage steps in response to the removal of 100 mM sorbitol from the 250 mOsM bath solution (Video editor, add the open bars labeled “hypo” here) and the addition of 3 M ruthenium red (Video editor, add the filled bar labeled “RuR” here).  The repeated peak-current increases upon hypotonic stimuli and its decreases upon the return to isotonic solution or the addition of the channel blocker.   
6.3.1. LAB_MEDIA: 50816_Kung_Figure 2A
6.4. This figure shows the direct activation of wild-type TRPV4 by membrane stretch seen under patch-clamp.  A sample of raw traces of average quality from a patch excised from a TRPV4-expressing oocyte, showing activation by 60-mm Hg suction applied to an excised inside-out patch held at +50 mV.  The uppermost trace is displayed at a faster time base to show the unitary current transition between closed (Text overlay: C: closed) and an open level (Text overlay: O1: open level).
6.4.1. LAB_MEDIA: 50816_Kung_Figure 2B


INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/index/Details.stp?ID=1597


7. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.

7.1. Prof. Ching Kung:   This video should give you a more concrete understanding on how electrophysiological methods can be applied to study the mechanosensitivity of TRPV4 channels.
image1.emf
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image3.emf
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