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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (N)  

2. Does your protocol include software usage? (N)

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
The most crucial steps are: 5.1; 5.2; 5.4; 5.5; 5.6; 5.7

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)

The most difficult aspects of this procedure is interval timing and fast but precise pipetting during the assay, which may require some practice and corresponds to step 5.4.

5. Will the filming need to take place in multiple locations? (Y) 
If yes, how far apart are the locations? 
It will be in three laboratories located in two separate buildings, which conveniently are connected to each other and only about 50 meters apart.


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Keni Vidilaseris: Our protocol works as a tool to find compounds that inhibit the activity of membrane-bound pyrophosphatases and these inhibitors may be used in the treatment of several parasitic diseases [1].
1.1.1. INTERVIEW

1.2. Keni Vidilaseris: This protocol is cheap and simple, producing a stable color for a long time without showing any interference in the presence of the high phospholipid concentration required for enzyme reactivation [1].
1.2.1. INTERVIEW


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Niklas G. Johansson: Not directly, but these inhibitors could be a potential approach to treat diseases such as malaria and leishmaniasis since mPPases are important for the virulence of many pathogenic protozoan parasites [1].
1.3.1. INTERVIEW


1.4. Niklas G. Johansson: Yes, the protocol can also be applied to determine ortho-phosphate in other systems [1].
1.4.1. INTERVIEW

1.5. Niklas G. Johansson: Performing this protocol might initially be challenging. Therefore it is important to show how the assay is completed correctly and efficiently [1].
1.5.1. INTERVIEW




Section - Protocol
2. Protein Preparation
2.1. Prepare 10 milliliters of the reactivation buffer solution containing 20 millimolar MES (pronounce as M-E-S) at pH 6.5, 3.5% volume by volume glycerol, 2 millimolar DTT (pronounce as D-T-T), and 0.05% DDM (pronounce as D-D-M) [1-TXT].
2.1.1. Talent adds four solutions in to a tube. TEXT: MES: 2-(N-morpholino)ethanesulfonic acid; DTT: dithiothreitol; DDM: dodecyl maltoside
2.2. Prepare 10 milliliters of the reaction mixture containing 200 millimolar Tris-hydrochloride at pH 8, 8 millimolar magnesium chloride, 333 millimolar potassium chloride, and 67 millimolar sodium chloride [1].
2.2.1. Talent adds one solution, three compounds into a tube.
2.3. To prepare 30-milligram per milliliter liposomes for enzyme reactivation, first add 0.3 grams of L-α-phosphatidylcholine (pronounce as L-alpha- phosphatidylcholine) from soybean to 10 milliliters of 20 millimolar Tris-hydrochloride at pH 8 with 1 millimolar DTT [1].
2.3.1. Talent adds compound in to a tube with solution.
2.4. Put the liposome on ice, and sonicateSonicate the liposome with 1 second pulse interval for 1 minute, pause for 1 minute, and repeat [1] until the solution becomes transparent yellow [2]. Aliquot the liposomes in 100 microliters, freeze in liquid nitrogen [3] and store at -80 degrees Celsius until used [4].
2.4.1. Talent put the liposome on ince and uses a sonicator to sonicate the solution.
2.4.2. CU: Talent shows the solution after one minutes sonication which is turbid and one hour sonication which becomes transparent yellow.
2.4.3. Talent divide the solution into 100 tubes, and places into liquid nitrogen.
2.4.4. Talent places the tube into a freezer.
2.5. To reactivate the enzyme, thaw the liposomes solution at room temperature [1]. Mix 40microliters of the liposomes solution with 22.5 microliters of 20% DDM [2]. Heat the mixture at 55 degrees Celsius for 15 minutes [3] and allow it to cool to room temperature [4].
2.5.1. Talent mixes two solutions in a tube.
2.5.2. Talent places the tube on a heating plate.
2.5.3. Talent takes away the tube, and places it on a surface.
2.6. Then, add 36.5 microliters of the reactivation buffer solution, mix [1], and add 1 microliter of concentrated protein to make a total concentration of 0.13 milligrams per milliliter [2].
2.6.1. Talent adds 36.5 microliters of buffer into the tube, and mixes.
2.6.2. Talent adds 1 microliter of buffer into the tube.
2.7. Next, transfer 20 microliters of the reactivated enzyme to 1,480 microliters of the reaction mixture, mix gently and use immediately [1]. 
2.7.1. Talent transfers solution into the tube, and mixes.
3.  Compound Preparation
3.1. First, dissolve the compounds in DMSO (pronounce as D-M-S-O) to make stock solutions of 50 millimolar in 200 microliters [1]. 
3.1.1. Talent adds compound in to solution in a tube.
3.2. For soluble compounds, dilute the stock solution with water to 1 milliliter in microtubes to give 2, 10 and 100 micromolar [1], (or alternatively for sparingly soluble compounds, dilute to 2, 10 and 40 micromolar) [2]. ThenFor each dilution, vortex the compound solution for proper mixing [1] [3].
3.2.1. Talent dilutes stock solution with water into three concentrations. To make the 100 micromolar solution, dilute the stock solution and vortex. The 100 micromolar solution is used to make the 10 micromolar solution and the 10 micromolar solution is used to make the 2 micromolar solution (as the first dissolutions were made). This is done for all the tested compounds (shown on video).and shows the three microtubes.
3.2.2. Talent dilutes stock solution with water and shows the three microtubes.
3.2.3. Talent vortexes the solution.
3.3. [bookmark: _GoBack]After that, especially for sparingly soluble compounds, using a multichannel pipette, dispense 75 microliters of the reaction mixture into each well in a 96-well plate. Add 75 microliters of each compound (and water as control) in triplicate and mix by pipetting up and down 5 times [1]. 
3.3.1. CU: Talent adds two solutions into each well.
3.4. Use 75 microliters of water for the control [1]. Measure possible compound aggregation of each well at 300 volts using a microplate nephelometer [2].
3.4.1. Talent adds water and reaction mixture into a well as control.
3.4.2. Talent inserts plate into the nephelometer.
4. Reagents for the Assay Preparation
4.1. To prepare the arsenite-citrate solution, weigh 5 grams of sodium arsenite and 5 grams of trisodium citrate dihydrate [1-TXT]. Dissolve both compounds into 100 milliliters of water [2].
4.1.1. Talent weighs two compounds. TEXT: CAUTION: Sodium arsenite is toxic! Video editor: Show text when talent weighs the first compound.
4.1.2. Talent dissolves the two compounds into water.
4.2. Then, add 5 milliliters of glacial acetic acid, mix [1], and add water to 250 milliliters [2]. Store at room temperature protected from light [3].
4.2.1. Talent adds acid into the solution, and mixes.
4.2.2. CU: Talent adds water to 250 milliliters. Focus on the measuring level.
4.2.3. Talent places the flask in the dark.
4.3. Next, prepare solution A by adding 10 milliliters of ice cold 0.5 molar hydrochloric acid to 0.3 grams of ascorbic acid [1]. Dissolve the ascorbic acid by vortexing [2]. 
4.3.1. Talent adds acid into a tube with compound.
4.3.2. Talent vortexes the tube, and shows the compound has dissolved.
4.4. Prepare solution B by adding 1 milliliter of ice cold water to 70 milligrams of ammonium heptamolybdate tetrahydrate [1], and vortex to dissolve [2]. Store solution A and B on ice [3].
4.4.1. Talent adds water to compound in a tube.
4.4.2. Talent vortexes the tube.
4.4.3. Talent places the two solutions on ice.
4.5. To prepare the phosphate standard with the concentration of 0, 62.5, 250 and 500 micromolar for calibration, add 0 microliter, 12.5 microliters, 50 microliters, and 100 microliters of 5 millimolar disodium phosphate dihydrate to four microtubes containing 370 microliters of the reaction mixture [1]. Top up to 1 milliliter with water [2].
4.5.1. Talent adds solution into microtubes with reaction mixture.
4.5.2. Talent adds water to each microtube.
5. Activity Assay for One 96 Well Plate
5.1. Now, add 1 milliliter of solution B to 10 milliliters of solution A, mix by vortexing hand and store the solution on ice [1-TXT]. Using a multichannel pipette, add 40 microliters of 0, 62.5, 250 and 500 micromolar phosphate standard to the tube strips in triplicate [2] [3-LM].	Comment by Keni Vidilaseris: We change 5.1 and 5.2 into the following order:
 Now, add 1 milliliter of solution B to 10 milliliters of solution A, mix by hand and store the solution on ice [1-TXT]. 
 Talent adds solution B to solution A, mix by hand, and places it on ice. TEXT: Use within 3 h.
 Using a multichannel pipette, add 40 microliters of 0, 62.5, 250 and 500 micromolar phosphate standard to the tube strips in triplicate [2] [3-LM].
 CU: Talent uses a multichannel pipette to add solution into tubes in triplicate. Important Step
 Figure 1 Video editor: show the following strips’ part of Figure 1 as an inset, and emphasize the left yellow 4*3 tubes.

5.1.1. Talent adds solution B to solution A, vortexesmix by hand, and places it on ice. TEXT: Use within 3 h.
5.1.2. CU: Talent uses a multichannel pipette to add solution into tubes in triplicate. Important Step
5.1.3. Figure 1 Video editor: show the following strips’ part of Figure 1 as an inset, and emphasize the left yellow 4*3 tubes.
[image: ]
5.2. Then, add 25 microliters of compound solution and 15 microliters of mPPase (pronounce as M-P-P-ase) solution mixture to each tube, except the tubes containing phosphate standard [1]. Seal the tube strips with an adhesive sealing sheet. Cut the sealing sheet to separate each tube strip [2].
5.2.1. Talent adds two solutions to the remaining tubes. 
5.2.2. Figure 1 Video editor: show the above strips’ part of Figure 1 as an inset, and emphasize all the tubes except the left yellow 4*3 tubes.
5.2.3. Talent seals the strips, and cuts to separate each tube strip. Important Step
5.3. Next, pre-incubate the samples for 5 minutes at 71 degrees Celsius. Place the samples on the heating block with 20-second interval between each strip [1].
5.3.1. Talent places the strips into a heat block, and starts a timer.
5.4. For each strip, open the adhesive sealing [1]. Using a multichannel pipette, add 10 microliters of 2 millimolar sodium pyrophosphate dibasic, and mix by pipetting up and down for 5 times [2]. Seal the tube strip again using the same sealing [3]. Incubate again at 71 degrees Celsius for 5 minutes [4].
5.4.1. Talent opens the sealing. Important Step
5.4.2. CU: Talent adds solution and pipets up and down.
5.4.3. Talent seals again. Important Step
5.4.4. Shot of the strip in the heating block.
5.5. After that, place the samples on the cooling apparatus with 20-second interval between each strip. Let them cool for 5 minutes [1], and then centrifuge each strip briefly to decant the water drops under the sealing sheet [2]. Put the strip back to the cooling apparatus, remove the sealing, and let them cool for another 5 minutes [3]. 
5.5.1. Talent places the tubes on cooling apparatus.
5.5.2. CU: Talent shows the strip with water drops under the sheet, places the tubes into a centrifuge, and takes the strip out and shows the water drops not existing. Important Step
5.5.3. Talent places the strip back to the cooling apparatus, and removes the sealing.
5.6. Then, add 60 microliters of solution A and B, mix by pipetting up and down for 5 minutes [1] and keep the tube strips on the cooling apparatus for 10 more minutes [2].
5.6.1. Talent adds solution into the tubes, and pipets up and down. Important Step
5.6.2. Shot of the strips in the cooling apparatus.
5.7. In a fume hood [1], add 90 microliters of the arsenite-citrate solution and keep at room temperature for at least 30 minutes [2] to produce a stable blue color [2]. 
5.7.1. Talent transfers the tubes into a fume hood.
5.7.2. Talent adds solution into the tubes, and places them on a rack.
5.7.3. Talent shows the blue color. Important Step
5.8. Dispense 180 microliters of each reaction mixture into a clear 96 well polystyrene microplate [1]. Use a microplate spectrophotometer to measure the absorbance of each well at 860 nanometers [2].
5.8.1. Talent transfers solution into wells in a plate.
5.8.2. Talent operates on the spectrophotometer.









Section – Results
6. Results: Color Development, Curve of the TmPPase Percent Activity, and Inhibition Curve
6.1. In this protocol, eight compounds were tested [1] together with IDP (pronounce as I-D-P), a common inhibitor of pyrophosphatases, as a positive control [2].
6.1.1. Figure 2 – Video editor: emphasize Figure 2A.
6.1.2. Figure 2 – Video editor: emphasize Figure 2B, and emphasize the left bottom square.
6.2. After the addition of solution A and B and arsenite-citrate, a blue color is fully developed in 30 minutes of incubation at room temperature [1]. All three concentrations of non-inhibiting compounds displayed the same blue color intensity [2] as wells E1−E3 without any inhibitor [3].
6.2.1. Figure 2 – Video editor: emphasize Figure 2C.
6.2.2. Figure 2 – Video editor: emphasize Figure 2C.
6.2.3. Figure 2 – Video editor: emphasize Figure 2A&C, and emphasize compounds 2,3, and 8 in both images.
6.2.4. Figure 2 – Video editor: emphasize Figure 2C, and emphasize E1-E3 wells. 
6.3. The plot of enzymatic activity against the concentration of each tested compound shows that [1] the compounds with inhibition activity formed a nonlinear curve fitting [2]. The plot of IDP, as a positive control, clearly shows a decrease in activity at higher concentrations [3]. 
6.3.1. Figure 3
6.3.2. Figure 3 – Video editor: emphasize 1,4,5,6,7 graphs. 
6.3.3. Figure 3 – Video editor: emphasize the IDP graph. 
6.4. The inhibition curve for compounds 1, 5, 6, 7 and 8 shows IC50 (pronounce as half maximal inhibitory concentrations) at 1.7 micromolar, 21.4 micromolar, 58.8 micromolar, 239.0 micromolar and greater than 500 micromolar respectively [1].
6.4.1. Figure 3 – Video editor: emphasize the five traces from the left to the right one by one when VO says “1.7 micromolar, 21.4 micromolar, 58.8 micromolar, 239.0 micromolar and greater than 500 micromolar”. For the first three traces, when in emphasis, show the red lines as below as well.
[image: ]



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Keni Vidilaseris: Remember to prepare the mPPase solution just before the beginning of the assay [1]. Also, covering the strips with adhesive sealing sheets is crucial for reliable results [2].
7.1.1. INTERVIEW – Video editor: B-roll suggestion: 2.7.1
7.1.2. INTERVIEW – Video editor: B-roll suggestion: 5.5.1
7.2. Keni Vidilaseris: Kinetic experiments can determine the mode of inhibition, whereas co-crystallization and X-ray diffraction is used to find out how and where the compound specifically binds [1].
7.2.1. INTERVIEW
7.3. Niklas G. Johansson: This technique can help us to find inhibitors, with the potential to yield molecular-level understanding of mPPase catalysis and ion pumping, which could serve as drug targets for parasitic diseases [1].
7.3.1. INTERVIEW
7.4. Niklas G. Johansson: Sodium arsenite is toxic, and should always be used in a fume hood and handled following the precautions mentioned in the safety data sheet [1].
7.4.1. INTERVIEW
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