Submission ID #: 58334 
Editor Name: Renee Choi 
Videographer Name: Gerald Aigner
Film Date: 11/20/2018
Link: http://www.jove.com/files_upload.php?src=17791918 
Authors and Affiliations:  Ondřej Gahura1, Alena Zíková1,2
1Biology Centre, Czech Academy of Science, Institute of Parasitology, České Budějovice, Czech Republic; 2Faculty of Science, University of South Bohemia, České Budějovice, Czech Republic
Title: Isolation of F1-ATPase from the Parasitic Protist Trypanosoma brucei
Corresponding Author: 

Alena Zíková

azikova@paru.cas.cz 

Tel: +420 38 77 75 482
Co-authors:

Ondřej Gahura: gahura@paru.cas.cz 
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  

Can you record movies/images using your own microscope camera? (Y/N)___NA______  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.5, 3.3, 3.4___________________________________________

D.  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.) 3.3
E.  Will the filming need to take place in multiple locations? (Y/N) ____N___ If yes, how far apart are the locations? ___________________________________________________

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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Gahura: The purification of F1-ATPase is based on classical biochemical methods, which proved to be crucial for our understanding of the mechanism of ATP production by rotary ATP synthases.
1.2. Gahura: The main advantage of this technique is that it produces a highly pure enzyme suitable for structure determination by X-ray crystallography or cryo-electron microscopy. 
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Zíková: Although this protocol is optimized for the isolation of F1-ATPase from trypanosomes, it can be adapted to other sources, such as tissues or cultured cells, and to various pathogenic protists.

1.4. Zíková: This technique may lead to the identification of new drugs to treat severe human diseases. For example, Mycobacterium tuberculosis F-ATPase is an authenticated drug target for the treatment of tuberculosis.  

Protocol: (read by voice talent at JoVE)
2. Preparation of Sub-Mitochondrial Particles  
2.1. To begin the protocol thaw and gently resuspend mitochondrial vesicles, also known as mitoplasts, previously isolated by hypotonic lysis, from 1 x 1011 to 2 x 1011 cells of procyclic Trypanosoma brucei, in 5 mL of ice-cold buffer A [1-MED-TXT]. Keep the sample chilled [2-MED].

2.1.1. Talent has sample in hand and adds ice-cold buffer A, then resuspends the sample, TEXT: See accompanying text protocol for detailed guidance 

2.1.2. Talent places resuspended vesicles on ice 

2.2. Next, determine the protein concentration in the suspension by the bicinchoninic acid, or BCA, protein assay according to the manufacturer’s instructions [1-MED]. 

2.2.1. Talent removes reagents from kit and removes small sample to determine protein concentration 
2.3. Perform a BSA dilution series in ultrapure water to construct the standard curve [1-MED-TXT]. Dilute a small amount of the sample 20 to 100 times with ultrapure water to fit into the range of the BSA standards [2-CU]. 

2.3.1. Over the shoulder, talent has tubes or cuvettes lined up and prepares BSA dilution series by transferring aliquots in appropriate order, TEXT: BSA: Bovine Serum Albumin 

2.3.2. Capture the 96-well plate with samples and the dilution series of standards, after the development of color. It can also include the process of insertion of the plate into the plate reader (< 3s), if possible. 
2.4. After calculating the total protein amount in the sample, bring the protein concentration to 16 mg/mL by diluting it with additional buffer A [1-MED].

2.4.1. Over the shoulder, briefly show that talent as made the calculation. Talent adds buffer A to dilute the protein

2.5. Then fragment the mitoplasts into inverted vesicles and membrane pieces by sonication…7 times for 15 s each with a total energy of 70 to 100 joules per impulse with a microtip with a diameter of 3.9 mm [1-CU-TXT].
2.5.1. Focus on the sample. Talent inserts sonicator tip and sonicates sample (do not capture for entire 15 s. Show the energy settings if possible. TEXT: Start at 50%,  maximum power if no energy output  [Authors comment: Two shot were filmed – the first focusing on the sample and the sonicator’s tip and the second showing the energy output.]
2.6. While fragmenting, incubate the sample on ice for 30 s between impulses [1-CU]. After the sonication, the suspension is might appear slightly darker [2-CU].

2.6.1. Focus on sample as talent places it on ice. Talent sets timer for 30 s. 

2.6.2. Talent shows sample to camera. It should be darker than 2.6.1, but this may be very slight and hard to see. Potentially use white piece of paper as background to capture difference 
2.7. Sediment the membrane fragments by ultracentrifugation at 54,000 x g for 16 h or at 98,000 x g for 5 h at 4 °C then proceed with chloroform extraction [1-MED]. Decant the supernatant and proceed with the chloroform extraction [2-MED-TXT]. 
2.7.1. Talent places sample in centrifuge and enters settings. 

2.7.2. Over the shoulder, talent pour off all liquid. TEXT: Alternately flash-freeze the sediment, store at -80 °C
3. Chloroform Release of F1-ATPase from the Membrane

3.1. Calculate the volume of buffer B based on the total amount of buffer A used  [2-MED-TXT]. Transfer the frozen sediment from the centrifuge tube into the homogenizer [1-CU]. Resuspend the pellet of mitochondrial membranes in buffer B with the aid of a small Dounce homogenizer [2-CU]. 
3.1.0 Talent jots down calculations. TEXT: volume buffer B = volume buffer A x 12/21 
3.1.1. *Film as written 

3.1.2. Talent holds the Dounce homogenizer up to camera and homogenizes sample with several slow strokes.

3.2. Calculate the volume of buffer B based on the total amount of buffer A used  [2-MED-TXT]. Transfer the suspension to a 50 mL conical tube [3-MED].

3.2.1. Talent jots down calculations. TEXT: volume buffer B = volume buffer A x 12/21 This shot should appear before 3.1.1. (First calculation of the volume of the buffer, then resuspending in the buffer)
3.2.2. Side view, talent transfers suspension to tube 

3.3. Remove the sample from ice and keep the sample and all the solutions at room temperature for the remaining steps [1-MED]. 
3.3.1. Talent removes sample from ice. Pan to other solutions that have been placed at room temperature to be used in future steps 

3.4. Then add chloroform saturated with 2 M Tris-HCl 1 to 1 [1-MED]. Close the cap tightly and shake the sample vigorously for exactly 20 s [2-MED]. Immediately centrifuge the mixture at 8,400 x g for 5 min at room temperature [3-MED]. 

3.4.1. Talent adds chloroform to sample 

3.4.2. Talent closes cap and vigorously shakes sample. Capture the shaking for ~3 seconds. 

3.4.3. Talent places the sample in the centrifuge. If possible, capture the settings entered.
3.5. Next, transfer the upper cloudy aqueous phase to 1.6 mL microtubes [1-CU]. Add protease inhibitors to the sample to replace the inhibitors removed by the chloroform treatment [2-MED]. Centrifuge the samples at 13,000 x g for 30 min at room temperature [1-MED]. 
3.5.1. Focus on sample and follow the aqueous phase as talent transfers it to microtubes

3.5.2. Talent adds protease to the sample 
3.5.3. Side view, talent places sample in centrifuge. If possible, capture the settings entered. 
3.6. After the spin, transfer the supernatant to fresh microtubes and repeat the centrifugation to remove any remaining insoluble material [1-MED].

3.6.1. Talent transfers supernatant then places tubes in centrifuge

4. Anion-Exchange Chromatography

4.1. Equilibrate the 5 mL anion exchange, or Q column attached to a fast-protein liquid chromatography system with 50 mL of Q column buffer at a flow rate of 5 mL/min until the absorbance at 280 nm and the conductivity stabilize [1-MED].

4.1.1. Talent attaches Q column to the chromatography system and insert inlet tubing into the bottle with the Q column buffer.  If possible, capture the flow rate setting 

4.2. Load the supernatant on the equilibrated column at a flow rate of 1 mL/min [1-CU]. Wait until the absorbance at 280 nm stabilizes at the background [2-SCREEN]. 
4.2.1. Talent applies the sample from the Hamilton syringe into the sample loop of the chromatography system.
4.2.2. Show that the absorbance has stabilized. 

4.3. Apply a 25 mL linear gradient of the Q column elution buffer from 0% to 100% at a flow rate of 0.5 mL/min and collect 1 mL fractions [1-MED].

4.3.1. Over the shoulder, talent adjusts settings on chromatogram 

4.4. Assay 10 μL of each individual fraction corresponding to the major elution peak for ATP hydrolytic activity per 1 mL of reaction mixture by the Pullman ATPase assay at pH 8.0 [1-MED]. Pool the fractions that exhibit ATPase activity [2-MED].
4.4.1. Over the shoulder, talent pulls up representative example of assay output with a curve of one or more reactions on the computer [Authors comment: Two scenes were shot. The first shows pipetting of the sample, and insertion of the cuvette into the spectrophotometer. The second shows an example of the output on the screen.]
4.4.2. Talent combines samples 
4.5. Concentrate the pooled sample by membrane ultrafiltration using a spin column with a 100,000 MWCO PES filter to 200 - 500 μL [1-MED]. Then proceed to size-exclusion [2-MED-TXT]. 

4.5.1. Talent combines sample in the membrane concentrator and places the concentrator in centrifuge, TEXT: Alternately store sample overnight at room temperature
4.5.2. Side view, talent removes samples from centrifuge (POTENTIALLY: and shows the concentrator with final volume).
5. Size-Exclusion Chromatography

5.1. Equilibrate the Superose 6 Increase column attached to a liquid chromatography system with at least 48 mL of SEC buffer at a flow rate of 0.5 mL/min [1-MED]. Apply the sample to the column [2-MED]. Run the chromatography at a flow rate of 0.25 mL/min while collecting 0.25 mL fractions [2-SCREEN].

5.1.1. Over the shoulder, talent attaches column to the system and adjusts flow rate 

5.1.2. Talent applies the sample from the Hamilton syringe into the sample loop of the chromatography system.

5.1.3. Talent injects the sample to the column by changing the column valve position from “LOAD” to “INJECT” in the software  

5.2. Next, run 10 μL of the fractions that correspond to the peaks of the UV280nm absorbance trace on SDS-PAGE [1-CU]. Then stain the samples with Coomassie Blue [2-MED]. 
5.2.1. Talent adds sample to wells of SDS-PAGE

5.2.2. Talent stains samples with Coomassie Blue

5.3. Assay the fractions corresponding to the first major peak, containing the F1-peak, for the ATP hydrolytic activity and azide sensitivity by the Pullman ATPase assay [1-MED]. Then perform a BCA assay to determine the protein concentration [2-MED].
5.3.1. Show the fraction to be processed for a beat, then talent lining up reagents for ATPase assay 
5.3.2. Side view, talent processes sample via prepares reagents for BCA assay 
5.4. Finally, keep the purified F1-ATPase at room temperature and use it within 3 days after purification for downstream applications [1-MED]. 
5.4.1. Talent sets sample aside at safe storage location 
6. Results: Two-Step Purification Results in Effective Isolation of F1-ATPase 
6.1. This elution profile of anion-exchange chromatography displays the UV absorbance at 280 nm, and concentration of NaCl in the elution buffer [1-LM]. The selected fractions were separated on the SDS-PAGE gel and stained with Coomassie Blue dye [2-LM].
6.1.1. 58334fig2large.jpg. Video Editor: Display the panels for Figure 2A only and only the line graph. Add text FT: flow-through, Input: F1-ATPase in a legend on the upper right corner above the graph in the upper panel. When the voiceover begins only show the upper panel with all text. When “SDS-PAGE” is said add the lower panel with all text. When “UV absorbance” is said, add a yellow arrow pointing at the blue line, when “NaCl” is said add a yellow arrow pointing at the red line. 
6.1.2. 58334fig2large.jpg. Video Editor: Keep 6.1.1 on the screen. When the voiceover begins, add the gel image below, and add arrows corresponding to the colored lines (orange line from graph pointing to orange line (FT) in gel image, green line pointing at green elution line, etc.). 
6.2. The fractions that correspond to the major elution peak from anion-exchange chromatography and contain the F1-ATPase were pooled and concentrated [1-LM]. The major contaminant is dihydrolipoyl dehydrogenase, which elutes from the size-exclusion chromatography column as a discrete peak. The F1-ATPase elutes in the first dominant, largely symmetric peak [2-LM]. 
6.2.1. 58334fig2large.jpg. Video Editor: Display the panels for Figure 2A only and only the upper panel. Add the text “FT” above the orange bar and “elution” above the green bar. When “pooled and concentrated” is said, add the lower panel below the upper panel and add arrows pointing from the orange bar in the upper panel to the orange bar in the lower panel, and pointing from the green bar in the upper panel to the green bar in the lower panel. Add text FT: flow-through, Input: F1-ATPase in a legend on the upper right corner above the graph in the upper panel as in 6.1.1 and keep it on the screen. 
6.2.2. 58334fig2large.jpg. Video Editor: Display the panels for Figure 2B. When “dihydrolipoyl dehydrogenase” is said highlight the area above and below the orange bar, respectively, in both panels for a beat. When “F1-ATPase” is said highlight the area above and below the green bar, respectively, in both panels for a beat.
6.3. The Coomassie Blue staining of a typical band pattern after the separation of the purified F1-ATPase via SDS-PAGE, show sporadic weak bands visible above the β-subunit, which represent subcomplexes of the α3β3 [alpha 3 beta 3] headpiece, dimers and oligomers of α- and β-subunits, and are devoid of any contaminants detectable by mass spectrometry [1-LM].
6.3.1. 58334fig2large.jpg. Video Editor: Display the image for Figure 2C only with all text. When “sporadic weak bands” is said highlight the region labeled “alpha + beta” (in Greek letters). 
7. Conclusion (said by authors on camera)

7.1. OG: While performing the chloroform extraction, the critical step of the protocol, it is essential to shake the sample vigorously, and proceed to the centrifugal separation of the organic and aqueous phases immediately.

7.1.1. Step 3.3 

7.2. AZ: Following this procedure, the isolated F1-ATPase can be characterized in detail by mass spectrometry. Further, it can be used in activity assays or for structural studies, either on its own or in the presence of various inhibitors or substrate analogues. 

Provided Media

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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