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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? 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? 4.1, 4.2, 4.3, 4.4, 4.5, 4.6 
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 6.3.2, 6.4.2, 6.5.1
5. Will the filming need to take place in multiple locations? N



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. Alexander Weiss: Our protocol describes methods for efficient expression and purification of FAH domain containing proteins, but also proteins in general. FAHD protein 1 plays a regulatory role in the TCA cycle and the energy metabolism of mitochondria. We were able to associate FAHD1 downregulation to cellular senescence, and information about enzyme activity and protein structure are generally required in order to understand the molecular mechanisms behind observed phenotypes [1].

1.1.1. INTERVIEW: Alexander Weiss says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Alexander Weiss: The main advantage of expressing proteins via IPTG inducible vector systems is that all methods are relatively cheap and easy to establish in any laboratory. By using poly-Histidine tagged proteins in combination with Nickel-NTA agarose resins, the immense selectivity of affinity chromatography may be employed at low cost. For most purposes, protein obtained at this quality may already suffice. FPLC on the other hand is an well established and general method with several advantages compared to other methods [1].

1.2.1. INTERVIEW: Alexander Weiss says the statement above in an interview-style shot, looking slightly off-camera.






Section - Protocol
(Author Comment: Some individual steps have been filmed with several sub-takes)
2. Expression of FAHD Proteins in Competent E. coli
2.1. First, insert 5 to 10 nanograms of plasmid into 100 microliters of competent BL21(DE3) pLysS E. coli bacteria on ice [1-TXT]. Slightly tap the tube in order to mix the contents [2]. 
2.1.1. Talent adds the plasmid to a tube containing the bacteria on ice. TEXT: See text for plasmid prep.
2.1.2. Talent taps the tube to mix the contents. (Author Comment: The slating of 2.1.2 and 2.2.1 were mixed)
2.2. Keep the bacteria on ice for 30 minutes, gently tapping the tube every few minutes [1].
2.2.1. Talent removes the tube from the ice and gently taps it.
2.3. Heat a thermoshaker to 42 degrees Celsius [1]. Place the tube containing the bacteria in the apparatus and heat for 90 seconds [2]. Then, place the tube on ice immediately [3]. 
2.3.1. Talent turns on the thermoshaker.
2.3.2. Talent places the tube containing the bacterial in the thermoshaker.
2.3.3. Talent removes the tube from the thermoshaker and places it on ice.
2.4. After 5 to 10 minutes on ice, add 600 microliters of NCZYM medium and place the tube into a bacteria incubator [1]. Shake the tube at medium speed oriented along the shaking direction at 37 degrees Celsius for 1 hour [2].
2.4.1. Talent adds the NCZYM medium to the tube containing the bacteria and places the tube into a bacteria incubator. Videographer: Show NCZYM container label in frame, if possible. 
2.4.2. Talent inputs the shaking speed on the bacteria incubator.
2.5. Following incubation, plate 200 microliters of the bacterial culture on a 10 centimeter LB-agar plate, containing the selection antibiotics of choice [1-TXT]. 
2.5.1. LB-agar plate as talent plates 200 microliters of the bacterial culture on it. TEXT: See text for selection antibiotics.
2.6. Culture the bacteria on the LB-agar plate in the bacteria incubator at 37 degrees Celsius overnight [1]. 
2.6.1. Talent places the LB-agar plate in the bacteria incubator.
2.7. After successful colony formation, pick one single colony and disperse it in 5 milliliters of NCZYM with the selected antibiotics [1]. Culture in the bacteria incubator at 37 degrees Celsius overnight [2]. 
2.7.1. Talent removes one of the colonies from the LB-agar plate and places it in a tube containing NZCYM with the selected antibiotics. 
2.7.2. Talent places the tube containing the colony in the bacteria incubator.
2.8. After successful bacterial growth, amplify the bacteria in 250 milliliter, 500 milliliter, or 1 liter batches of medium, depending on the demand of protein quantity [1-TXT]. Then, culture the bacteria in the bacteria incubator at 37 degrees Celsius for 2 to 3 hours [2]. 
2.8.1. Talent places the bacteria in a flask containing 250 milliliters of medium. TEXT: 250 mL, 500 mL, or 1 L.
2.8.2. Talent places the flask containing the bacteria in the bacteria incubator.
2.9. Following incubation, draw a sample for photometric analysis [1]. If the optical density at 600 nanometers has reached 0.4, apply 200 micromolar up to 1 millimolar of isopropyl-beta-D-thiogalactopyranosid [2-TXT]. 
2.9.1. Talent draws a sample from the flask and places it in a vial for photometric analysis.
2.9.2. Talent adds isopropyl-beta-D-thiogalactopyranosid to the flask containing the bacteria. TEXT: 200 µM – 1 mM isopropyl-beta-D-thiogalactopyranosid.
2.10. After 3 to 5 more hours in the bacteria incubator at 37 degrees Celsius, protein expression is exhausted [1]. Harvest the bacterial pellet via centrifugation at 5000 x g for 5 minutes [2]. Then, discard the supernatant and freeze the pellet at minus 20 degrees Celsius for brief storage [3]. 
2.10.1. Talent removes the protein sample from the bacteria incubator.
2.10.2. Talent places the protein sample in a centrifuge and closes the centrifuge lid.
2.10.3. Talent discards the supernatant and places the pellet in the refrigerator.
3. Lysis of Bacterial Pellets and Filtration of Debris
3.1. For each 250 milliliters of original bacterial suspension, apply 5 milliliters of the selected buffer to the bacterial pellet [1-TXT]. Add 10 microliters of beta-mercaptoethanol per 5 milliliters of applied buffer [2]. Use a 10 milliliter Pasteur pipet to mechanically force the pellet into suspension by scratching and pipetting [3]. 
3.1.1. Talent adds the selected buffer to the bacterial pellet. TEXT: Ni-NTA for His-tagged, HIC running buffer for untagged. Video Editor: Overlay should appear at mention of “the selected buffer”. (Author Comment: This shot was mis-labled/mis-slated as 3.3.1)
3.1.2. Talent adds beta-mercaptoethanol to the bacterial pellet in buffer.
3.1.3. The suspension as talent forces the pellet into the suspension by scratching and pipetting.
3.2. Transfer all of the suspension to a 50 milliliter tube [1]. Then, sonicate the suspension [2]. 
3.2.1. Talent transfers the suspension to a 50 milliliter tube.
3.2.2. Talent places the tube in a sonicator. Videographer: This step will be performed without turning on the sonicator due to safety reasons. (Author Comment: We filmed this full step because we were able to provide safety standards)
3.3. Next, centrifuge for 30 minutes at high speed at 4 degrees Celsius [1]. Filter the supernatant consecutively with filter units on ice [2].
3.3.1. Talent places the tube in the centrifuge and closes the centrifuge lid. 
3.3.2. Talent filters the supernatant into a tube on ice.
4. Purification of His-tagged FAHD Proteins using Ni-NTA Affinity Chromatography
4.1. Prepare an empty plastic or glass column by attaching it to a stable retainer and washing with Nickel-NTA running buffer [1]. Videographer: The authors have indicated that this step is important (questionnaire question 3).   
4.1.1. Talent attaches the empty column to a stable retainer and washes it with Nickel-NTA running buffer. 
4.2. For each 10 milliliters of protein suspension, apply 500 microliters of Nickel-NTA agarose slurry to the column [1]. Videographer: The authors have indicated that this step is important (questionnaire question 3).  
4.2.1. Talent adds Nickel-NTA agarose slurry onto the bottom filter of the column. 
4.3. Fill the column completely with Nickel-NTA running buffer, ensuring not to disrupt the agarose resin and allow the buffer to run through by gravity [1]. Videographer: The authors have indicated that this step is important (questionnaire question 3).   
4.3.1. Talent adds Nickel-NTA running buffer to the column and watches as the buffer runs through the column by gravity.
4.4. Next, apply the protein suspension to the column and allow the sample to run through by gravity [1]. Videographer: The authors have indicated that this step is important (questionnaire question 3).   
4.4.1. Talent adds the protein suspension to the column and watches as the sample runs through the column by gravity.
4.5. After the sample has passed through, fill the column with Nickel-NTA running buffer [1]. Videographer: The authors have indicated that this step is important (questionnaire question 3).   
4.5.1. Talent adds Nickel-NTA running buffer to the column.
4.6. Place a UV-transparent cuvette below the column and collect 1 milliliter of Nickel-NTA elution buffer [1]. Videographer: The authors have indicated that this step is important (questionnaire question 3).  
4.6.1. Talent places the cuvette below the column and collects the buffer.
4.7. Check the optical density of the sample at 280 nanometers versus a blank sample [1]. Optimally, the sample displays an optical density of greater than 2.5 [2-TXT]. 
4.7.1. Talent places the sample in the spectrophotometer and starts the analysis on the computer. [Shots 4.7.1 and 4.7.2 combiend]
4.7.2. The computer screen showing the sample optical density. TEXT: OD < 0.5 = small amount of protein. 
4.8. Since FAHD proteins in Nickel-NTA elution buffer will precipitate upon freezing and thawing, dialyze the protein against a different buffer overnight on ice, using 1 microliter of DTT per 100 milliliters of dialysis buffer [1]. 
4.8.1. Talent places a dialysis bag in a container of buffer on ice and adds the protein to the bag.
5. Purification of FAHD Proteins via Ion Exchange Chromatography
5.1. Set up a FPLC system and wash the column with 5 column volumes of 20 percent ethanol, followed by 5 column volumes of water [1-TXT]. 
5.1.1. Talent sets up column wash sequence on computer connected to the FPLC system. TEXT: Cationic or anionic chromatography.
5.2. After equilibrating the column, apply the dialyzed sample to the column and collect the flow-through [1]. 
5.2.1. Talent adds the dialyzed sample to the column and collects the flow-through.
5.3. Set up a gradient elution [1-TXT]. After the gradient has finished, run with high-salt buffer until no more peaks are detected over the range of 1 column volume [2]. 
5.3.1. Talent sets up the gradient elution in the computer software. TEXT: See text for gradient elution. 
5.3.2. Talent changes the eluent to high-salt buffer in the computer software and checks the chromatogram to see if peaks are still detected. Talent checks the completed chromatogram and highlights individual steps.
6. Basic FAHD Activity Assays with Substrates Oxaloacetate and Acetylpyruvate
6.1. Start up a microplate reader and equilibrate for 30 minutes at 25 degrees Celsius [1]. 
6.1.1. Talent starts up a microplate reader.
6.2. Prepare 1 milliliter of a 20 millimolar solution of a substrate to be tested in enzyme assay buffer [1-TXT].
6.2.1. 	Talent prepares the substrate solution. TEXT: See text for buffer prep.
6.3. According to the pipetting scheme in the text protocol, prepare the enzyme blank and sample wells by pipetting 80 microliters of enzyme assay buffer into the wells with 5 microliters of enzyme solution [1-TXT]. Then, prepare the substrate blank and sample wells by pipetting 85 microliters of enzyme assay buffer into the wells [2].
6.3.1. 96-well microplate as talent pipettes enzyme assay buffer and enzyme solution into the wells. TEXT: See figure 4A. Video Editor: Overlay should appear at mention of “according to the pipetting scheme in the text protocol”.
6.3.2. Talent pipettes enzyme assay buffer into the wells of the 96-well microplate. Video Editor: The authors have indicated that this step is important (questionnaire question 4).  
6.4. Right before measuring, apply 5 microliters of enzyme assay buffer to the six blank wells [1]. Apply 5 microliters of the 20 millimolar substrate solution to the sample wells using a multichannel pipette [2]. 
6.4.1. 96-well microplate as talent adds enzyme assay buffer to the six blank wells.
6.4.2. Talent adds the 20 millimolar substrate solution to the sample wells. Video Editor: The authors have indicated that this step is important (questionnaire question 4).  
6.5. Use a multichannel pipette at 50 microliter setting to gently mix the wells [1]. Then, insert the plate into the microplate reader and measure each well at 255 nanometers [2].
6.5.1. 96-well microplate as talent mixes the wells with the multichannel pipette. Video Editor: The authors have indicated that this step is important (questionnaire question 4).  
6.5.2. Talent inserts the plate into the microplate reader and starts the measurements in the computer software.
6.6. Finally, perform the analysis in a spreadsheet [1]. 
6.6.1. Talent performs the analysis in a spreadsheet on a computer. 





Section – Results
7. Results: Expression and Purification of Fumarylacetoacetate Hydrolase Domain-containing Proteins
7.1. Two examples of LB agar plates after optimal and non-optimal transformation are depicted here [1]. Too many bacterial colonies indicate either that too many bacteria were plated or that the antibiotics may be expired [2]. Too few bacterial colonies may indicate that either not enough plasmid was used for the transformation or that too much antibiotics were used to select the bacteria [3]. 
7.1.1. LAB MEDIA: Figure 7 – Video Editor: Show figure A. Highlight left plate at mention of “optimal” and right plate at mention of “non-optimal”.
7.1.2. LAB MEDIA: Figure 7 – Video Editor: Continue showing figure A and zoom into the left plate. Make red circle appear to indicate too many bacterial colonies.
7.1.3. LAB MEDIA: Figure 7 – Video Editor: Continue showing figure A and zoom into right plate.
7.2. The bacterial pellet containing the expressed protein in milligram quantities is harvested, and expression is verified via SDS-PAGE [1]. Some problems may occur during this otherwise simple process, including the proteins forming inclusion bodies or the protein not being expressed [2].  
7.2.1. LAB MEDIA: Figure 7 – Video Editor: Show figure B.
7.2.2. LAB MEDIA: Figure 7 – Video Editor: Continue showing figure B.
7.3. If a His-tag is used to tag the protein, affinity chromatography with Nickel-NTA agarose is an easy and cheap capture method eliminating the majority of contaminations [1]. If no tag is used, a combination of ammonium sulfate precipitation and consecutive hydrophobic exchange chromatography may also separate the protein from the majority of other proteins [2]. 
7.3.1. LAB MEDIA: Figure 7 – Video Editor: Show figure C.
7.3.2. LAB MEDIA: Figure 8 – Video Editor: Show figure A.
7.4. The protein is further separated from leftover contaminations by ion exchange chromatography, followed by size-exclusion chromatography to obtain a sufficiently pure protein [1]. 
7.4.1. LAB MEDIA: Figure 8 – Video Editor: Show figure B at mention of “the protein is further separated from leftover contaminations by ion exchange chromatography” and show figure C at mention of “followed by size exclusion chromatography to obtain a sufficiently pure protein”. 
 
Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Max Holzknecht: None of the described methods is difficult in particular, but all methods require training. First attempts may fail, but the experiments will succeed after some initial adaptations [1].

8.1.1. INTERVIEW: Max Holzknecht says the statement above in an interview-style shot, looking slightly off-camera.
8.2. [bookmark: _GoBack]Elia Cappuccio: All methods presented here are general methods of protein purification. Although specialized for FAHD proteins, the protocol may be adapted to any protein one would like to purify [1].

8.2.1. INTERVIEW: Elia Cappuccio says the statement above in an interview-style shot, looking slightly off-camera.
8.3. Max Holzknecht: Recombinant human FAHD1 has been obtained by the described methods, and high resolution X-ray structures contributed massively to our understanding of FAHD1 bi-functionality, acting as both decarboxylase and hydrolase [1].

8.3.1. INTERVIEW: Max Holzknecht says the statement above in an interview-style shot, looking slightly off-camera.
8.4. Elia Cappuccio: Bacteria used in this work are safety strains and not hazardous. General Safety Guides apply to all chemicals, and FPLC columns should be handled with care [1].

8.4.1. INTERVIEW: Elia Cappuccio says the statement above in an interview-style shot, looking slightly off-camera
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