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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  NO 
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   No

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. NO


Current Protocol Length
Number of Steps: 22
Number of Shots: 59


Interviews
Authors: The statements are edited for length and clarity. Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. James Letts: We developed a reconstituted proteoliposome systems to study how membrane properties regulate mitochondrial respiratory supercomplex structure, stability, and function.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. James Letts: Existing studies rely on detergent-solubilized supercomplexes, limiting membrane-dependent functional studies. This protocol reconstitutes them into proteoliposomes, enabling integrated structural and functional studies.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Abhilash Padavannil: Our protocol enables researchers to study respiratory supercomplex structure, stability, function, membrane integrity, oxygen consumption, and lipid-dependent effects in proteoliposomes.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the most important consideration or challenge when performing this protocol.
1.4. Abhilash Padavannil: The biggest challenge is carefully optimizing the lipid composition, protein-to-lipid ratio, detergent removal, and membrane sealing to achieve successful supercomplex reconstitution.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Abhilash Padavannil: Future studies can use this protocol to investigate how disease mutations, lipid remodeling, aging, neurodegeneration, and pharmacological modulators influence respiratory supercomplex stability and function.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Videographer: Obtain headshots for all authors available at the filming location.



Protocol
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

2. Reconstitution of Mitochondrial Super Complexes into Liposomes 
Demonstrator: Abhilash Padavannil  

2.1. To begin, obtain aliquots of mitochondrial supercomplexes, or SC (S-C), purified from porcine heart mitochondrial membranes and stored in liquid nitrogen [1]. Then thaw the SC aliquots on ice [2] and dilute with size-exclusion chromatography, or SEC (S-E-C), buffer [3]. 
2.1.1. WIDE: Talent removing the mitochondrial SC aliquots from the liquid nitrogen
2.1.2. Talent placing the SC aliquots on the ice
2.1.3. Talent diluting the SC aliquots by adding SEC buffer

2.2. Transfer the sample to a centrifugal filter [1-TXT] and centrifuge at 3000 g [2]. Perform buffer exchange by resuspending the sample in size-exclusion chromatography SEC buffer every five minutes to remove glycerol [3].
2.2.1. Talent transferring the sample into the filter TXT: Centrifugal filters: 100 kDa    molecular weight cut-off
2.2.2. Talent placing the sample in the centrifuge 
2.2.3. Talent resuspending the sample in SEC buffer 

2.3. Check the final concentration of the SC using a bicinchoninic acid protein assay kit [1].
2.3.1. CU: Talent adding BSA reagent in samples with kit visible in the background

2.4. Thaw a 300 microliters aliquot of the lipid mix stored at minus 20 degrees Celsius [1-TXT]. Assemble the extruder with a 100 nanometers polycarbonate membrane [2] and extrude the lipid mixture for six cycles at room temperature [3-TXT]. Then, collect the resulting 100-nanometer liposomes from the syringe opposite to the starting side [4]. 
2.4.1. Talent bringing the lipid mix from the freezer and thawing the aliquot TXT: Refer to the text protocol for lipid mix preparation
2.4.2. Talent assembling the extruder with a 100 nm polycarbonate membrane
2.4.3. Talent passing the lipid mixture between the two syringes through the membrane to complete the extrusion cycles. TXT: one cycle consists of passing the mixture from the left syringe to the right and back
2.4.4. Talent collecting the extruded liposomes from the syringe opposite the starting side.

2.5. Transfer 250 microliters of the extruded lipid mixture into a separate tube [1] and add 9 microliters of 20 % weight-by-volume sodium cholate detergent [2]. Mix the sample by gentle inversion [3] and incubate at 4 degrees Celsius for 30 minutes [4].
2.5.1. Talent pipetting 250 µL of the extruded lipid mixture into a tube
2.5.2. Talent adding 9 µL of the detergent 
2.5.3. Talent mixing the sample by inversion   
2.5.4. WIDE: Talent placing the sample at 4 °C for incubation 

2.6. Add 120 micrograms of mitochondrial SC [1], followed by 3 microliters of 10 millimolar cytochrome c to the lipid-detergent mixture [2]. Then make up the final volume to 300 microliters with proteoliposome buffer, or PLB (P-L-B) [3-TXT]. In parallel, prepare a control sample of empty liposomes by adding SEC buffer in place of mitochondrial SC and cytochrome c to the lipid-detergent mixture [4].  
2.6.1. Talent adding 120 µg mitochondrial SC into the lipid-detergent mixture.
2.6.2. Talent adding 3 µL cytochrome c to the mixture
2.6.3. Talent adding PLB to adjust the final volume to 300 µL TXT: The final lipid: protein ratio - 10:1 (w:w) Video editor: This is ratio!
2.6.4. Talent preparing the control sample by adding SEC buffer to a separate lipid-detergent mixture

2.7. Mix by inversion [1] and incubate at 4 degrees Celsius for 30 minutes [2].
2.7.1.  Talent mixing the sample by inversion   
2.7.2.  WIDE: Talent placing the sample at 4 °C for incubation

2.8. Wash a pre-packed G-25 resin desalting spin column four times with PLB by gravity flow [1]. Then, centrifuge it at 1000 g for two minutes [2]. Load the proteoliposome sample onto the washed G-25 resin desalting spin column [3] and centrifuge again at 1000 g for 2 minutes at 4 degrees Celsius to remove the detergent [4]. Then, collect the eluted proteoliposomes [5].  
2.8.1. Talent washing the columns with PLB
2.8.2. Talent placing the column in centrifuge set at 1000 g 
2.8.3. Talent loading the sample to the washed column 
2.8.4.  Talent placing sample loaded column in the centrifuge
2.8.5. Talent collecting the eluted proteoliposomes

3. Lipid Flotation Assay

3.1. Prepare 27% and 7% weight-by-volume sucrose solutions in PLB [1]. To prepare a step gradient, layer 1.5 milliliters of the 27% sucrose solution [2] and 0.9 milliliter of the 7% sucrose solution in a 3.5-milliliter centrifuge tube [3].
3.1.1. Talent adding sucrose solutions in PLB
3.1.2. CU: Talent pipetting 1.5 mL of the 27% sucrose solution into a 3.5 mL centrifuge tube
3.1.3. CU: Talent pipetting 0.9 mL of the 7% sucrose solution over the 27% sucrose layer to form a step gradient
3.2. Carefully layer 300 microliters of the proteoliposome containing SC onto the prepared sucrose gradient [1]. Centrifuge the gradient at 100,000 g for 2 hours at 4 degrees Celsius using a fixed-angle rotor [2]. 
3.2.1.  CU: Talent pipetting 300 µL of the proteoliposome containing SC onto the top of the sucrose gradient
3.2.2. Talent placing the gradient in the centrifuge 

3.3. Carefully collect 9 fractions of 300 microliters from the top to the bottom of the gradient, avoiding mixing between layers [1]. If a pellet is present, resuspend it in the remaining liquid [2] and collect it as the last fraction in a separate vial [3]. 
3.3.1.  Talent carefully transferring 300 µL fractions from the top of the gradient using a pipette into a separate labeled vial.
3.3.2.  Talent resuspending the pellet 
3.3.3. Talent transferring the pellet-containing suspension into a separate vial.  

4. Assessment of Complex I Ferricyanide Activity and Supercomplex Integrity

4.1. Aliquot 990 microliters of the ferricyanide reaction buffer into a 1-milliliter cuvette [1-TXT]. Add 5 microliters of the sample from each gradient fraction into separate cuvettes [2]. For blank, add 5 microliters of PLB [3]. 
4.1.1. Talent aliquoting 990 µL of ferricyanide reaction buffer into a 1 mL cuvette TXT: Refer to the text protocol for reaction buffer preparation  
4.1.2. CU: Talent adding 5 µL of the sample from the gradient fraction to the labeled cuvette
4.1.3. CU: Talent transferring 5 µL of the PLB into the cuvette labeled as blank

4.2. Then, add 5 microliters of 20 millimolar NADH (N-A-D-H) in each cuvette [1-TXT]. Seal it with transparent film [2] and mix by inversion [3]. 
4.2.1. CU: Talent adding 5 µL 20 mM NADH to the cuvette TXT: NADH: Reduced Nicotinamide Adenine Dinucleotide
4.2.2. Talent sealing the cuvette with transparent film
4.2.3. Talent gently inverting the sealed cuvette 

4.3. After recording the blank, monitor the decrease in absorbance at 340 nanometers for all the fractions at 25 degrees Celsius to show NADH oxidation [1]. 
4.3.1. SCREEN: Spectrometer software displaying the decrease in absorbance measurement   Videographer: Please also film this shot as a backup

Authors: Please create screen capture videos for shots labelled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=22034163

4.4. Calculate the rate of NADH oxidation after subtracting the blank [1] and plot the total activity of each of the fractions [2].

4.4.1. SCREEN: Absorbance of blank being subtracted from the absorbance of the sample
4.4.2. SCREEN: The plot of total activity is being generated

4.5. Pool the fractions with maximum total activity, excluding the bottom fractions containing unreconstituted protein [1]. Then adjust the pooled fractions to a final volume of 20 milliliters with PLB to dilute the sucrose concentration [2]. Centrifuge the pooled sample at 150,000 g for 1 hour at 4 degrees Celsius using a fixed-angle rotor [3]. Discard the supernatant [4] and resuspend the pellet in 200 microliters of PLB [5]. 

4.5.1. Talent pipetting the fractions with maximum total activity into a tube 
4.5.2. Talent adding PLB to the pooled fractions to bring the final volume to 20 mL
4.5.3. Talent placing the sample in the centrifuge
4.5.4. Talent discarding the supernatant
4.5.5. Talent resuspending the pellet in 200 µL of PLB 

4.6. Mix 25 microliters of the resuspended pellet with 25 microliters of 2% weight-by-volume digitonin in PLB [1]. Incubate the mixture at 4 degrees Celsius for 1 hour with gentle tumbling [2]. Then, centrifuge the sample at 16,000 g for 20 minutes to pellet the unextracted proteins [3]. Finally, collect the supernatant [4]. 

4.6.1. Talent mixing 25 µL of the resuspended pellet with 25 µL of 2% (w/v) digitonin in PLB 
4.6.2. Talent placing it on a tube tumbler at 4 °C
4.6.3. Talent placing the sample in the centrifuge and closing the lid
4.6.4. Talent transferring the supernatant into a separate tube

4.7. Add 10 microliters of BN-PAGE (B-N-Page) loading dye to 30 microliters of the collected supernatant [1-TXT]. Load the sample onto a 3-12% gradient BN-PAGE gel [2].  

4.7.1. Talent adding 10 µL of BN-PAGE loading dye to 30 µL of the collected supernatant TXT: Blue Native polyacrylamide gel electrophoresis (BN-PAGE)
4.7.2. Talent loading the prepared sample into the wells of a 3%-12% gradient BN-PAGE gel 

4.8. For Complex I (one) and Complex IV (four) in-gel activity assays, run two gels simultaneously in dark BN-PAGE buffer at 150 Volts for 30 minutes [1-TXT]. Change the dark blue buffer to a light blue buffer [2] and run for another 2 hours at 200 Volts [3]. Then, transfer the gels to a suitable container and perform in-gel activity assays for Complex I and Complex IV [4]. Acquire images of the gels to visualize the activity [5]

4.8.1. CU: Electrophoresis system running the two gels with settings displaying 150 V, 30 min TXT: Refer to the text protocol for BN-PAGE buffer preparation 
4.8.2. Talent replacing the dark blue buffer with light blue buffer 
4.8.3. CU: Electrophoresis settings displaying 200 V, 2 h
4.8.4. Talent transferring the gel to a suitable container 
4.8.5. Talent acquiring images of the gels




Results

5. Results 

5.1. BN-PAGE demonstrated the relative abundance of the respiratory SC, composed of Complexes I, III₂ (three dimer), and IV, and the individual complexes after reconstitution [1]. The results indicate that the Complex I and Complex III₂ interaction was largely preserved after re-extraction with digitonin and BN-PAGE [2]. However, the presence of a prominent CIV band at a lower molecular weight, in addition to the SC band, suggests partial dissociation of Complex IV from the supercomplex [3]
5.1.1. LAB MEDIA: Figure 4 
5.1.2. LAB MEDIA: Figure 4 Video Editor: Please highlight the SC1,3 band in the left image
5.1.3. LAB MEDIA: Figure 4 Video Editor: Please highlight the blakish band appear like M in CIV images corresponding to IV
5.2. Dynamic light scattering confirmed successful reconstitution, with the average hydrodynamic diameter increasing from approximately 82.9 nanometers for empty liposomes [1] to 110.6 nanometers for reconstituted proteoliposomes [2].
5.2.1. LAB MEDIA: Figure 6   Video Editor: Please highlight the orange peak corresponding to Empty liposomes
5.2.2. LAB MEDIA: Figure 6   Video Editor: Please highlight the blue peak corresponding to Proteoliposomes

5.3. Oxygen consumption measurements demonstrated inhibitor-sensitive, NADH-driven respiration [1]. Addition of NADH initiated oxygen consumption [2]. Subsequent addition of carbonyl cyanide m-chlorophenyl hydrazone, increased the oxygen consumption rate by approximately one-point-five-fold, indicating efficient coupling of the reconstituted SC proteoliposomes [3]. Addition of Piericidin A inhibitor resulted in a marked decrease in oxygen consumption [4].
5.3.1. LAB MEDIA: Figure 7
5.3.2. LAB MEDIA: Figure 7A Video Editor: Please highlight curve between 100 to 500 s
5.3.3. LAB MEDIA: Figure 7B Video Editor: Please highlight the bar labeled as "CCCP
5.3.4. LAB MEDIA: Figure 7A Video Editor: Please highlight curve between 800 to 1000 s
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