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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) Yes, Nikon SMZ800
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?
I was able to include all the highlighted steps.  If you could please highlight the steps in this document that the videographer should be most focussed on, that would be helpful.  THanks.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? _
11.9, 11.11. This just takes practice. At this point I’ve done these steps thousands of times. Depending on when filming is scheduled, if I am not doing this type of experiment around that time, ie “in the groove,” I will do dissections the day before to make sure I am “warmed up.”_Also, some dissections will be done that morning before filming to make sure there are some fluid drops that have formed prior to filming in order to film step 12.3, so this will ensure optimal warming up prior to filming these steps.
E.  Will the filming need to take place in multiple locations? (Y/N) No
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to measure transepithelial fluid secretion and ion flux rates in the Drosophila melanogaster renal tubule, also known as the Malpighian tubule.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Aylin Rodan:  This method can help answer key questions in the field of epithelial ion transport, such as the molecular characterization of basic transport mechanisms and their regulation. 
1.2. Aylin Rodan: The main advantage of this technique is that it combines the powerful genetics of Drosophila melanogaster with the accessibility of its renal tubules to physiological study. 
1.3. Jeff Schellinger: This method can also provide insight into epithelial ion transport mechanisms in other insects,, such as the disease vectors Rhodnius prolixus, Aedes aegypti, and Anopheles gambiae. 
Protocol (read by voice talent at JoVE):

2. Preparing Tubule Transfer Rods
2.1. First prepare a reusable glass rod to transfer the tubules.  [WID]

2.1.1. Preparing to use rods, unpacking, establish setting

2.2. Using a glass cutter and wearing safety equipment, [2.2.1-MED] cut a three-millimeter thick, black-stained glass into strips that are six millimeters wide and ten centimeters long. [2.2.2-CU]

2.2.1. putting on safety equipment

2.2.2. cutting glass segments

2.3. Using a Bunsen burner flame, soften the short end of two strips. [CU]

2.3.1.  igniting flame and placing rod tip in flame

2.4. Then, press the soft ends together and swiftly pull them apart [2.4.1-CU] to produce a fine glass rod with a handle. [2.4.2-ECU]

2.4.1. film as written, show completed products 

2.4.2. focus on fine glass filament 
3. Preparing the Ion-Specific Electrodes
3.1. To prepare a potassium ion-specific electrode, or ISE, load a one milliliter syringe [3.1.1-MED] with 0.5 Molar potassium chloride and backfill a silanized pipet. [3.1.2-CU]

3.1.1. Loading syringe with solution

3.1.2. backfilling pipette from syringe

3.2 AND 3.3 WERE FLIPPED AND RENAMED
3.2. Make sure no air bubbles are trapped, which may require microscopic examination. [MED]

3.2.1. checking for bubbles using the microscope

3.3. Use a gentle flick to the pipet to remove any trapped air. [CU]

3.3.1. demonstrate flicking technique

3.4. Next, under a hood, [3.4.1-WID] attach the ISE to a suction device [3.4.3-MED] and secure the ISE on molding clay on an inverted 3.5 cm Petri dish. [3.4.3-CU]

3.4.1. establish talent working under hood

3.4.2. attaching the electrode with solution to a suction device

3.4.3. securing the electrode in dish with clay

3.5. Then, point the “off” of the stopcock handle to the side port [3.5.1-CU] and draw back on the syringe to generate negative pressure on the tip of the ISE.  [3.5.2-CU] When completed, turn the handle so the “off” is pointing to the tubing. [3.5.2-CU]. [3.5.3-MED]
3.5.1. turning stopcock handle as described

3.5.2. pulling back on syringe and turning the stopcock so that the “off” is pointing to the tubing
3.5.3. [moved to 3.7.4] putting stopcock back into position

3.6. Next, using safety precautions, [3.6.1-MED] dip the small opening of a 10 microliter pipet tip into ionophore solution. [3.6.2-CU]

3.6.1. preparing to open ionophore solution, donning gloves/googles and taking hold of the pipette tip

3.6.2. dipping tip of pipette into solution and removing pipette

3.7. Then, by placing a gloved finger over the larger opening, [3.7.1-CU] expel a small drop of ionophore solution onto the outside surface of the pipet. [3.7.2-ECU] Now, very carefully touch the drop of solution to the tip of the ISE. Do not touch the tip of the ISE with the pipet tip, to avoid breaking the ISE tip. [3.7.3.ECU]. When completed, turn the handle so the “off” is pointing towards the side port [3.7.4-CU]. 
3.7.1. placing finger over large opening of pipette tip

3.7.2. expelled drop of solution at small end of pipette tip

3.7.3. transferring drop to tip of ISE, film as written

3.7.4. [moved from 3.5.3] putting stopcock back into position, with the “off” pointing towards the side port
3.8. Next, under a microscope, at 40 X magnification, [3.8.1-MED] check if the solution was taken up into the ISE.  If the ISE is optimally silanized, [3.8.2-SCOPE] the interface between the ionophore and the backfill solution should be flat. [3.8.3-LM]

3.8.1. Placing ISE on stage and focusing 

3.8.2. view of flat solution interface under scope
3.8.3. 53144_Rodan_Figure5C.ai – schematic of optimal silanization
3.9. If no solution was taken up, increase the negative pressure and try again. [MED]

3.9.1. actions of 3.5.1-3.5.3

3.10. Now, partially fill a beaker with 150 millimolar potassium chloride. [3.10.1-MED] Then, place the ISE, tip down, onto the wall of the beaker [3.10.2-CU] which has molding clay to secure the ISE in place. [3.10.3-ECU]
3.10.1. film as written

3.10.2. film as written

3.10.3. [added] close-up view of side of beaker

3.11. Preparation of the sodium ISE is very similar.  See the text for details. [MED]

3.11.1. actions of 3.1.1-3.1.2, for a sodium ISE
4. Preparing the Reference Electrodes and Calibrating the Electrodes
4.1. Next, prepare the reference electrode.  Use a microfilament and syringe [WID-4.1.1] to fill the tip and shank of the reference electrode with 1 molar sodium acetate. [4.1.2-CU]

4.1.1. preparing syringe to backfill the reference pipette

4.1.2. backfilling the pipette

4.2. Gently flick the pipette to remove any air bubbles. [CU]

4.2.1. film as written

4.3. With the same technique, use a second microfilament and syringe [4.3.1-MED] to backfill the same electrode with 3 M potassium chloride.  [4.3.2-ECU]

4.3.1. loading syringe with 3 M potassium chloride, attaching microfilament

4.3.2. backfilling reference pipette with 3 M potassium chloride, show solution interface if possible
4.4. Store the reference electrode alongside the ISE. [CU]
4.4.1. Adding ref electrode to solution bath with ISE (held in place with clay)
4.5. After preparing the electrodes, and at least 30 minutes before dissection, [4.5.1-MED] ready some bathing medium [4.5.1-MED] and Drosophila saline [4.5.2-MED] to allow them to warm to room temperature prior to dissections. 

4.5.1. film as written, general preparations of both solution for dissection, angle 1 Both solutions were taken out of the refrigerator and moved to the bench. Bathing solution was added to an Eppendorf tube and labeled.
4.5.2. film as written, general preparations of both solution for dissection, angle 2 Drosophila saline was added to a 50 ml conical tube and labeled.
4.6. Next, calibrate the ISE to see if it is working.  Onto a silicone elastomer-coated Petri dish, [4.6.1-MED] make two replicate rows of potassium chloride drops.  Drop four different concentrations in 0.6 microliter drops. [4.6.2-CU/TEXT]

4.6.1. preparing dish lid and four stock bottles tubes of potassium chloride

4.6.2. placing 8 drops of solution onto dish lid, TEXT: 15 mM, 75 mM, 150 mM, 200 mM

4.7. Then, carefully layer 2 mL of mineral oil over the drops. [ECU]

4.7.1. film as written

4.8. Now, in a Faraday cage, place the dish under a dissecting scope. [WID]

4.8.1. establish talent approaching the cage and placing dish lid under scope, turning on the light
4.9. Next, thread the reference electrode [4.9.1-CU] and ISE [4.9.2-CU] over the silver wires [4.9.1-CU] and fasten them onto microelectrode holders. [4.9.2-CU]
4.9.1. film as written, show for one reference electrode

4.9.2. film as written, show for one ISE electrode

4.10. With the electrometer in “standby” mode, use the micromanipulators [4.10.1-MED] to advance the ISE and reference electrode onto either side of the 15 millimolar potassium chloride drop to be measured [4.10.1b-ECU], then advance into the drop.  [4.10.2-SCOPE]

4.10.1. show both electrodes set up in manipulators, talent operates the manipulators to move them into position
4.10.1b Close-up of dish to see electrodes relative to the drop
4.10.2. electrodes both advance into the same drop of solution {accidentally called 4.11.1}
4.11. Switch the electrometer to “operate” and let the reading stabilize, then record the reading [4.11.1-CU]. Withdraw the electrodes from the 15 millimolar potassium chloride drop, move the dish so that the 75 millimolar potassium chloride drop is in the center of the field, and advance the electrodes into the 75 millimolar potassium chloride drop [4.11.2-SCOPE]

4.11.1. setting the electrometer to operate and showing the readings stabilize, writing down the stable value for the 15 mM KCl drop, then returning the setting to “standby” {Comment: reading was -52.7}
4.11.2. moving electrodes from first drop to second drop withdraw electrodes from first drop, move dish, and advance electrodes into drop of 75 mM potassium chloride 
4.12. Switch the electrometer to “operate,” let the reading stabilize, and record the potential for the 75 millimolar potassium chloride drop. [4.12.1 MED]. Then, withdraw the electrodes from the 75 mM potassium chloride drop, move the dish so that the 150 mM potassium chloride drop is in the center of the field, and advance the electrodes into the 150 mM potassium chloride drop [4.12.2-SCOPE]. 
4.12.1. setting the electrometer to operate and showing the readings stabilize, writing down the stable value for the 75 mM KCl drop, then returning the setting to “standby”, now a different solution is in use, so visible stable value should differ from 4.11.1 {Comment: reading was -13.6}
4.12.2.  withdraw electrodes from 75 mM KCl drop, move dish, and advance electrode into 150 mM KCl drop

4.13. Switch the electrometer to “operate,” let the reading stabilize, and record the potential for the 150 millimolar potassium chloride drop. [4.13.1 MED]. Then, withdraw the electrodes from the 150 millimolar potassium chloride drop, move the dish so that the 200 millimolar potassium chloride drop is in the center of the field, and advance the electrodes into the 200 millimolar potassium chloride drop [4.13.2-SCOPE]. Measure and record the potential for the 200 millimolar potassium chloride drop, then return the electrometer to standby [4.13.3-MED.] 
4.13.1 setting the electrometer to operate and showing the readings stabilize, writing down the stable value of the 150 mM potassium chloride potential, then returning the setting to “standby”, now a different solution is in use, so visible stable value should differ from 4.12.1 {Comment, reading was 3.9.}
4.13.2 withdraw electrodes from 150 mM KCl drop, move dish, and advance electrode into 200 mM KCl drop
4.13.3 setting the electrometer to operate and showing the readings stabilize, writing down the stable value of the 200 mM KCl potential, then returning the setting to “standby,” now a different solution is in use so visible stable value should differ from 4.13.1 {Comment, reading was 12.6}
5. Tubule Dissection
5.1. Immediately prior to the dissections, [5.1.1-MED] view the assay dish at 10X magnification and add enough SBM to just fill each well of the assay dish; avoid overfilling.  [5.1.2-SCOPE]

5.1.1. working at scope, establishing shot

5.1.2. adding SBM to wells

5.2. Next, carefully layer about 12 or 13 milliliters of mineral oil over the wells to completely cover the SBM. [5.2.1-CU]. Use a 20 gauge needle to pop the air bubbles [5.2.1b-CU]
5.2.1. adding mineral oil to wells
5.2.1b use needle to pop air bubble
5.3. Now, anesthetize the flies with carbon dioxide and place one, back-side down, onto a silicone elastomer-coated dish. [MED]

5.3.1. putting flies on CO2 and picking up and moving one onto dish

5.4. Secure the fly with a Minutien pin [5.4.1-ECU] and immerse the fly in room temperature Drosophila saline [5.4.1b-SCOPE]. 

5.4.1. film as written – securing fly 
5.4.1b adding Drosophila saline
5.5. Use forceps in the non-dominant hand to hold the abdomen at the thoraco-abdominal junction.  Then, with another pair of forceps in the dominant hand, peel the abdominal cuticle away.  Start at the thoraco-abdominal junction and move towards the tail end of the fly. The gut, with attached Malpighian tubules, will be exposed with this maneuver. Without touching the tubules, dissect free the gut and attached tubules. [SCOPE]

5.5.1. film as written – exposing gut dissection {take 12 best shot of this step and the next one, which were filmed together.}
5.6. Secure the gut with the non-dominant hand and use a 30 gauge needle to sever the ureter from the gut with the dominant hand.  It is essential that no tears or rents be introduced into the tubule, other than at the ureter. [SCOPE]

5.6.1. film as written – dissecting the tubule severing.
5.7. Next, using a fine glass rod, transfer a tubule pair to a well of the assay dish. [ECU]

5.7.1. placing tubules into well of assay plate, using fine glass rod
5.8. Immediately after the transfer, pick up the end of one of the tubules with the rod.  Withdraw it from the bath until the cut end of the ureter is halfway between the pin and the bathing drop.  Then, wrap the end of the tubule around a Minutien pin. Fluid will subsequently be secreted from the cut end of the ureter. [SCOPE]
5.8.1. film as written – picking tubule, lifting tubule, wrapping end of tubule around pin {Comment: the better takes on this were take 8 and the end of 5.5/5.6 take 12}
5.9. Write down the well, tubule information, such as genotype or condition, and the time; this is the start time of secretion. Then, proceed with the next dissection. [MED]
5.9.1. talent takes notes and then places another anesthetized fly in the dish
6. Making Measurements
6.1. At the desired timepoint, prepare to measure the first secreted fluid drop. For example, if you are interested in measuring a two hour timepoint, this would be 120 minutes after the start time for the first drop [6.1b-MED]. 

6.1.b Sit down at the microscope 

6.2. Under sufficient magnification, [6.2.1-MED] first measure the diameter of the drop with an ocular micrometer.  [6.2.2-SCOPE] Note the magnification used, the diameter, and the time. [6.2.3 MED]

6.2.1. using scope to measure the drop diameter and then noting down the parameters

6.2.2. show use of ocular micrometer to measure drop

6.2.3. writing down magnification, time and size of drop

6.3. Second, measure the ion activity.  Advance the ISE and reference electrode into the fluid drop. [SCOPE]

6.3.1. advancing electrodes into same drop

6.4. Then, switch the electrometer to “operate”, allow the reading to stabilize and record the value [6.4.1 MED], then switch the electrometer back to standby [6.4.2 MED]

6.4.1 show operation of switch and reading {Comment: reading was ~7.2}

6.4.2 show switching back to standby. 
6.5. Continue with the next drop at the appropriate time, for example, 120 minutes after the start time for the second drop. Measure the diameter using the ocular micrometer and measuring the potential with the electrodes, with the electrometer in “operate” mode [6.5.1 MED]. Then switch the electrometer back to standby and withdraw the electrodes from the secreted fluid drop [6.5.2 MED]. Proceed to the next drop at the appropriate time. 
6.5.1. adjusting the location of the electrodes, then operating the electrometer, then taking notes of measurement and then adjusting position of electrodes again
6.5.2. switching to standby, and withdrawing electrodes from drop
7. Results: Measuring K+  and Na+ Ion Fluxes to Investigate the Role of the Sodium-potassium-2-chloride Cotransporter (NKCC)

7.1. The Ramsay assay with ion-specific electrodes was used to measure sodium and potassium ion fluxes, information that is not captured by measuring fluid secretion rates alone. Decreased fluid secretion in tubules from flies carrying a homozygous null mutation in NKCC was found to be driven by a decrease in potassium flux. 

7.1.1. Figure 7A 

7.2. In those same flies there was no change in sodium flux.

7.2.1. Figure 7B 

7.3. Application of the sodium-potassium-ATPase inhibitor, ouabain, had distinct effects on each of the three measured parameters.  In wild-type tubules, the fluid secretion rate was unchanged, but sodium flux increased.
7.3.1.  Figure 8A

7.4. At the same time, potassium flux decreased.  Furthermore, ouabain had no effect on transepithelial potassium flux in the NKCC null flies.  This suggests that the sodium-potassium-ATPase provides the driving force for potassium uptake through the NKCC, while sodium is recycled through the sodium-potassium-ATPase.
7.4.1.  Figure 8B
8. Conclusion (said by authors on camera)
8.1. Jeff Schellinger: Once mastered, 15-20 tubules can be analyzed in a single’s day experiment, which takes about 5 to 6 hours from beginning to end. 
8.2. Jeff Schellinger: It’s important to remember to carefully wash the assay dish at the end of the day to make sure residual salts in the wells do not alter the ionic and osmotic composition of the bathing saline in subsequent experiments.
8.3. Aylin Rodan: Once the experimenter is comfortable with the technique, permutations can be introduced to probe the underlying biology of epithelial ion transport, such as analyzing tubules of differing genotypes to determine the role of a specific transporter or signaling pathway.  
8.4. Aylin Rodan: After watching this video, you should have a good understanding of how to measure transepithelial fluid secretion and ion fluxes in dissected Drosophila renal tubules.
8.5. Jeff Schellinger: Don't forget that working with sharps, nitric acid, dichlorodimethylsilane, and potassium ionophore, can be extremely hazardous and precautions such as using appropriate personal protective equipment, working in the hood when appropriate, and following manufacturers’ and institutional safety guidelines can maximize safety.
Provided Media
3.8 – 53144_Rodan_Figure5C.ai – schematic of optimal silanization
4.11 – 53144_Rodan_Figure1.ai – schematic overview of assay

6.1 – 53144_Rodan_Figure7A.ai – representative results

6.2 – 53144_Rodan_Figure7B.ai – representative results

6.3 – 53144_Rodan_Figure8A.ai – representative results

6.4 – 53144_Rodan_Figure8B.ai – representative results
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 are included in the email accompanying the finalized script.
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