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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) ___N____ If yes, please list make and model of your microscope: ______________________________
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: __Steps 2.2, 2.4,  2.7, 4.3, 4.6, 4.7______________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _The most difficult part of this procedure is the reliable reconstitution of purified membrane protein into the liposome. We ensure the successful reproduction by the well-controlled steps of detergent-induced the liposome fusion, solubilization, and final removal detergent to form proteoliposomes properly.
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.  
Procedural Narrative:
The overall goal of this procedure is to provide a detailed description of techniques for the functional and structural study of the effect of lipids on membrane proteins. (Intro)
This is accomplished by first expressing and purifying a voltage gated potassium channel. (P1)
Video editor, please add the blue KvAP symbol with label and the grey detergent symbol with label (they are below the schematic overview) at the bottom of P1.
The second step is the ion channel reconstitution. (P2)
Video editor, please have the P1 figure shrink down and become one of the blue things embedded in P2. Also, please add the blue KvAP symbol with label and red lipid symbol with label (they are below the schematic overview) at the bottom of P2.
Next, the electrical recording from the ion channels in lipid bilayers is performed for the ion channel functional study. (P3)
Video editor, please have a section of the P2 circle turn into the matching red/blue thing in P3.
The final step is the crystallization of the ion channels in the membrane for structure determination. (P4)
Video editor, show the blue structure in P4, then add the arrows and “Electron beam”.
Ultimately, biochemical assays, electrophysiological method and electron crystallographic study are used to investigate the lipid effects on the voltage senor movement of ion channels. (P5)
Video Editor:  This figure was modified in March, 2013. Authors have been asked to upload the new figure, but please make sure they have done so (e.g., P1 has 10 grey balls attached in the new figure).
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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. Qiuxing Jiang:  Generally, individuals new to this method will struggle because there are so many critical tips during the ion channel reconstitution to ensure ion channel functionally inserted into the lipid membrane.
1.2. Qiuxing Jiang:  Demonstrating the procedure will be Hui Zheng, a postdoctoral researchers from my laboratory. 

1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

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. Liposome preparation and detergent-induced fusion of vesicles
2.1. Prior to the lipid preparation, wash a 14 ml disposable glass test-tube, a screw-capped glass tube, and a 250 µl glass syringe with chloroform.  Then, transfer 10 ml chloroform into the test tube. 
2.1.1. MED:  Talent places a 14 ml disposable glass test-tube, a screw-capped glass tube, and a 250 µl glass syringe one by one on the bench/ table.

2.1.2. CU:  Transfer 10ml chloroform into the test tube by glass Pasteur pipet.
2.2. To prepare POPE (Text overlay:  POPE: Palmitoyl-oleoyl-phosphatidyl-ethanolamine) and POPG (Text overlay: POPG: palmitoyl-oleoyl-phosphatidyl-glycerol) liposomes, transfer 3.75 mg of POPE and 1.25 mg of POPG in chloroform into the screw-capped glass tube.  Dry the lipids under a continuous stream of argon gas.  When no visible chloroform is left, dry the lipid further under room vacuum for one hour.
2.2.1. MED-over the shoulder:  Talent transfers 3.75 mg of POPE and 1.25 mg of POPG in chloroform into the screw-capped glass tube.  (Text overlay:  POPE: Palmitoyl-oleoyl-phosphatidyl-ethanolamine. POPG: palmitoyl-oleoyl-phosphatidyl-glycerol.)
2.2.2. MED:  Talent places the lipids under a continuous stream of argon gas.

2.2.3. CU:  The glass tube as the visible chloroform disappears, and put the tube into the vacuum.
2.3. Next, add 440 µl of low salt-buffer (Text overlay: 10 mM HEPES, 100mMKCl, pH 7.4) or water into the dried lipid.  Vortex the tube to hydrate the lipids. The lipid suspension should look whitish and turbid.
2.3.1. MED-over the shoulder:  Talent adds 440 µl of low salt-buffer or water into the dried lipid.  Text overlay: 10 mM HEPES, 100mMKCl, pH 7.4.

2.3.2. MED:  Talent vortexes the tube to hydrate the lipids, and shows the whitish and turbid lipid suspension.
2.4. After that, sonicate the lipid suspension in an ice-cold bath sonicator until the vesicle solution becomes translucent.  Then, add 50 µl of 3.0 M KCl and 10 µl of 0.50 M DM (Text overlay: DM: n-Decyl-β-D-Maltoside) to the mixture so that the final lipid suspension has 300 mM KCl and 10 mM DM.  Incubate the solution in a rotator for 2 hours at room temperature to allow the formation of lipid/detergent mixed micelles.  After the incubation, the suspension should become a little turbid, due to the detergent-induced fusion of the small unilamellar vesicles.   
2.4.1. MED-over the shoulder:  Talent places the lipid suspension in an ice-cold bath sonicator.

2.4.2. CU:  The mixture as KCL and DM are added.  Text overlay: DM: n-Decyl-β-D-Maltoside.

2.4.3. MED-over the shoulder:  Talent places the solution in a rotator.

2.4.4. CU:  The suspension as it becomes a little bit turbid.
2.5. When the protein is concentrated to more than 2.0 mg/ml, add the listed components (Text overlay: 0.50 mg KvAP protein, 50 µl of 3.0 M KCl, 16 µl of 0.50 M DM stock in water, and 10 mM HEPES, pH 7.4) to the lipid/detergent mixture to make 1 ml of final volume.   Then, incubate the protein/lipid/detergent mixture in the glass tube in a rotator for another 2 hours. 
2.5.1. MED:  Talent added protein into the glass tube and holding a final volume of 1ml lipid/detergent mixture.  Text overlay: 0.50 mg KvAP protein, 50 µl of 3.0 M KCl, 16 µl of 0.50 M DM stock in water, and 10 mM HEPES, pH 7.4.
2.5.2. CU:  The glass tube as it is placed in a rotator.
2.6. The preparation of the KvAP in mixture with detergent-solubilized DOTAP (Text overlay: DOTAP: 1,2-dioleoyl-3-trimethylammonium-propane) or DOGS (Text overlay: DOGS: 1,2-dioleoyl-sn-glycero-3-succinate) is similar to the lipid preparation for POPE/POPG vesicle.  However, the sonication of hydrated lipids into small unilamellar vesicles takes a longer time (Text overlay: DOGS: usually 45-60 minutes) than that for POPE/POPG lipids (Text overlay: POPE/POPG: usually 5-10 minutes). The DOGS vesicles may slowly fuse with each other and form small oily droplets.  
2.6.1. MED:  Talent picking up glass tube containing DOGS from the vacuum, showing the oily droplets.  Text overlay: DOTAP: 1,2-dioleoyl-3-trimethylammonium-propane.  Text overlay: DOGS: 1,2-dioleoyl-sn-glycero-3-succinate.
2.6.1a. Talent adding solution to the tube and vortex.
2.6.2. MED:  Talent placing the hydrated lipids in the sonicator.  Text overlay: DOGS: usually 45-60 minutes.  Text overlay: POPE/POPG: usually 15-20 minutes.
2.7. To solubilize the DOTAP or DOGS completely, the sonicated vesicles are mixed with 10 mM DM and 40 mM β-OG (Text overlay: β-OG n-octyl-β-D-glucoside). The lipid/detergent mixture is incubated overnight (Text overlay: > 15 hours) at room temperature, and the mixture should be fairly clear and not have any small particles or droplets. 
2.7.1. MED-over the shoulder:  Talent mixes the sonicated vesicles with 10 mM DM and 40 mM β-OG.  Text overlay: β-OG n-octyl-β-D-glucoside.

2.7.2. CU:  The lipid/detergent mixture as it is clear and has no small particles.  Text overlay: > 15 hours.
Next, mix the KvAP protein with the detergent-solubilized DOTAP or DOGS in a protein: lipid ratio that is less than or equal to 1:10.  The protein/detergent/lipid mixture is allowed to incubate at room temperature for 2-3 hours with continuously orbital rotation.
2.7.3. 
MED-over the shoulder:  Talent mixes the KvAP protein with the detergent-solubilized DOTAP or DOGS.

2.7.4. CU:  The mixture as it is placed in the rotator.
3. Removal of the detergents to form proteoliposomes 

3.1. To demonstrate the slow removal of the detergents, such as DM and β-OG, that have relatively high CMC (Text overlay: CMC: critical micelle concentrations; CMC ≥ 1.0 mM), first, prepare 2-Liter dialysis buffer (Text overlay:  Refer to table 3 in the accompanying manuscript for composition) for each 1.0 ml mixture.  Then, cut out a suitable length of dialysis tubing (Text overlay:  Molecular Weight Cut Off = 10K; 0.70 cm wide), and wash it with DI water to check and make sure that there is no leak in the tubing. 
3.1.1. MED:  Talent picking up/ showing the prepared dialysis buffer.  Text overlay: CMC: critical micelle concentrations; CMC ≥ 1.0 mM.  Text overlay:  Refer to table 3 in the accompanying manuscript for composition.

3.1.2. MED-over the shoulder:  Talent washes the dialysis tubing with DI water to make sure that there is no leak.
3.2. Next, load the protein-lipid-detergent mixture into the dialysis tubing.  Clamp both ends of the tubing with minimal space left above the solution. Placing the loaded tubing on a stirring plate in the dialysis buffer so that the tubing rotates slowly in solution.  Change the dialysis buffer once every 8 hours. 
3.2.1. MED-over the shoulder:  Talent loads the protein-lipid-detergent mixture into the dialysis tubing and clamped with minimal space left above the solution.
3.2.2. CU:  The loaded tubing as it is placed on a stirring plate in the dialysis buffer.

3.2.3. MED-over the shoulder:  Talent changes the dialysis buffer.
3.3. Now, prepare the polystyrene beads for the removal of detergents that have low CMC by first weighing 0.5 g of dry beads.  Then, put them into a 50 ml Corning tube and add 20 ml methanol.  Sonicate the solution in a bath sonicator for 5 minutes to remove trapped bubbles and spin down the beads at 5,000 rpm for 5 minutes.  
3.3.1. MED-over the shoulder:  Talent weighs 0.5 g of dry beads.

3.3.2. MED-over the shoulder:  Talent puts the beads into a 50 ml Corning tube and adds 20 ml methanol.
3.3.3. CU:  The tube as it is placed in sonicator.

3.3.4. CU:  The tube as it is placed in a centrifuge for spinning down.
3.4. Afterward, decant methanol completely, and repeat the wash with ethanol and MilliQ water.  Then, store the washed beads in 20% ethanol at 4 ºC, and change it to a detergent-free buffer before use.
3.4.1. MED-over the shoulder:  Talent decants methanol.

3.4.2. MED:  Talent places the beads in the refrigerator.
3.5. Estimate the amount of detergents in the protein/lipid/detergent mixture to be treated and calculate the amount of beads needed to remove the detergents.  Weigh the wet beads without excess water and add them directly to the protein mixture, and wait for at least 15-20 minutes for the beads to be fully effective. 
3.5.1. MED-over the shoulder:  Talent calculates the amount of beads needed to remove the detergents.

3.5.2. MED-over the shoulder:  Talent weighs the wets beads.

3.5.3. CU:  The beads as they are added to the protein mixture.
3.6. To remove 8.7 mg of DDM (Text overlay:  DDM: dodecyl-maltoside) in 1.0 ml solution, a total of 87 mg of polystyrene beads, such as Bio-Beads SM2, is divided into 5 equal portions. Mix the protein/lipid/detergent mixture with each fraction for 20-30 minutes with constant end-over-end rotation at room temperature.  Spin down the beads.  Then, transfer the supernatant to the next fraction of beads and repeat till the end.  
3.6.1. MED-over the shoulder:  Talent divides the beads into 5 portions.  Text overlay:  DDM: dodecyl-maltoside.
3.6.2. MED-over the shoulder:  Talent places the mixtures in the rotator.

3.6.3. CU:  The beads as they are spun down.

3.6.4.  MED-over the shoulder:  Talent transfers the supernatant to the next fraction of beads.
3.7. To remove the trace amount of detergents after the last step, add 35 mg Bio-beads SM2 beads and incubate with the vesicles for 4 hours.
3.7.1. MED:  Talent adds 35 mg Bio-beads SM2 beads to the vesicles.
4. Functional study of the ion channel activities in black lipid membranes
4.1. In this step, begin by cleaning a glass test-tube, an amber vial with a Teflon-surfaced screw cap, and a set of glass syringes with chloroform.  Then, dry the amber vial under a stream of argon gas.
4.1.1. MED:  Talent places a glass test-tube, an amber vial with Teflon-surfaced screw cap, and a set of glass syringes one by one on the bench/ table.

4.1.2. CU:  The amber vial is washed by the chloroform and is dried under a stream of argon gas.

4.2. Next, transfer 0.75 mg POPE and 0.25 mg POPG in chloroform into the amber vial and evaporate the chloroform with argon gas.
4.2.1. MED-over the shoulder:  Talent transfers 0.75 mg POPE and 0.25 mg POPG in chloroform into the amber vial.

4.2.2. Talent places the lipids under a continuous stream of argon gas and visible chloroform disappears.

4.3. After that, add 0.20 ml pentane to the vial to dissolve the dried lipids, and dry completely to remove residual chloroform.  Next, add 50 µl decane to vial to dissolve the dried lipid.   
4.3.1. MED-over the shoulder:  Talent adds .20 ml pentane to the vial and dried under a continuous stream of argon gas .

4.3.2. CU:  The vial as 50 µl decane is added to dissolve the dried lipid.
4.4. Now, paint the round hole at the cylindrical surface of the bilayer cup with the lipids without getting any lipid solution into the hole. Wait for 1-2 minutes for the decane to evaporate completely.
4.4.1. MED-over the shoulder:  Talent paints the round hole with the lipids.
4.5. To perform electrical recordings from KvAP channels in lipid bilayers, insert the cup into the recording chamber.  Put in the salt bridges and connect the electrodes to the two sides of the recording cup.  Add the cis- and trans-solution to the two sides of the hole.
4.5.1. MED-over the shoulder:  Talent inserts the cup into the recording chamber and puts in the salt bridges.
4.5.2. MED-over the shoulder:  Talent puts in the salt bridges.
4.5.3. CU:  The recording cup as the electrodes are connected its sides and the cis- and trans-solution is added to the two sides of the hole. (May be slated as 4.5.2)
4.5.4. CU:  The recording cup as cis- and trans-solution is added to the two sides of the hole.

4.6. Then, adjust the potential offset between two sides of the cup to less than 2 millivolts, and then paint lipid across the hole in the cap.  Wait till the membrane thins out and becomes relatively stable. 
4.6.1. MED-over the shoulder:  Talent adjusts the potential offset on the monitor.

4.6.1a: Talent painting lipid to the hole in the cap in the solution (this was slated as 4.7.1, so there are two 4.7.1s)
4.6.2a: SCREEN:  A movie to show that the membrane is thinning and becoming relatively stable.
4.7. As soon as the membrane becomes stable, shoot 0.5-1.0 µl channel-containing vesicles by positioning the fine end of a P2-pipette tip right above the hole. The vesicles fall down across the hole to the bottom of the cup. 
4.7.1. MED-over the shoulder:  Talent shoots 0.5-1.0 µl channel-containing vesicles by positioning the fine end of a P2-pipette tip right above the hole. (This is also slated as 4.7.1.)
4.7.2. CU:  The cup as the vesicles falling down across the hole to the bottom. (The slating for this may be at the end of the shot.)
4.8. To test the KvAP channels in the bilayer, a short pulse of 80 mV is delivered from the holding potential of -80 mV.  Due to the fast inactivation and slow recovery from inactivation, a long interval, about 120 seconds for channels in PE/PG membranes, is given between two pulses.  Once the current looks good in size, balance the ion concentrations in the solutions on both sides of the membrane by adding additional ion salts to the low concentration side.
4.8.1. MED-over the shoulder:  Talent delivers a short pulse of 80 mV on the monitor.
4.8.2. SCREEN:  A movie to show the channel activity and interval is 120sec.
4.8.3. MED-over the shoulder:  Talent adds ion salts to the low concentration side. Of the membrane.
5. Results: Two-dimensional crystallization of KvAP in membranes 
5.1. Here is an image of a negatively stained 2D crystal in the middle of crystal optimization. The crystals were stained with 6.0% ammonium molybdate, pH 6.4 plus 0.50% trehalose.  Due to the sugar, they sometimes piled up with each other.  The black square box here (Video editor, please add the black square in the middle) designates an area that gives rise to the diffraction pattern (Video editor, please add the right subfigure here) with diffraction spots going to ~20 Å. 

5.1.1. LAB_MEDIA:  50436_Jiang_Figure 5A
[image: image2.png]



5.2. Here is a CryoEM image of a 2D crystal from a sample similar to the one shown before.  The specimen was mixed with 3% trehalose and frozen by direct plunging, and imaged under a cryoEM at 50,000 x.  It is clear that there were local defects in the crystal packing.

5.2.1. LAB_MEDIA:  50436_Jiang_Figure 5B 
[image: image3.emf]
5.3. Here is another CryoEM image of a further-optimized crystal.  The specimen was embedded in 0.75% tannin and 10% trehalose and the image was taken at 50,000 X.  The straight lines and the tight packing suggested that the channels were well ordered in this type of crystals, whereas the two black arrows mark the square vectors.

5.3.1. LAB_MEDIA:  50436_Jiang_Figure 5C
[image: image4.png]



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

6. 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.
6.1. Qiuxing Jiang:  After watching this video, you should have a good understanding of how to handle lipid and membrane properly and study the lipid-protein interaction efficiently.

( 2011, Journal of Visualized Experiments


