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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)_________  

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)___Y_____ 

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.) 
2.3; 2.4; 3.4; 3.5; 4.1; 4.4; _________________________________________
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.) 
4.4 exercise the handling before without sample. 5.3 exercise the handling before without sample.
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ______(same floor 4 rooms)_____________________________________________

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. Lars Dietzel: This method can help answer key questions in photosynthesis research, such as the fate of captured light energy in antenna complexes and the kinetics and efficiency of energy transfer. 
1.2. Lars Dietzel: The main advantage of this technique is that it provides liposome membrane compartments resembling native conditions in the thylakoid membrane enabling observations in pH and ion concentrations during photosynthesis.    

Protocol: (read by voice talent at JoVE)
2. Thylakoid Isolation from C. meneghiniana Cells

2.1. To begin the protocol, centrifuge previously prepared C. meneghiniana cells at 4,300 x g in a precooled rotor at 4 °C with 500 mL centrifuge vials for 15 min [1-MED/WIDE-TXT]. 

2.1.1. Talent transfers culture to centrifuge vials and places the vial in centrifuge, then enters settings, TEXT: See accompanying text protocol for detailed guidance 

2.2. Resuspend the cell pellets homogenization buffer (HB) by shaking and pipetting [1-MED]. Transfer the suspension to a single suitable plastic tube and restrict the final volume to 12 mL [2-MED-TXT]. 
2.2.1. Talent discards supernatant and resuspends pellet in HB 

2.2.2. Talent transfers suspension to plastic tube, talent points out level of volume, that it is at 12 mL or less. TEXT: Samples can be stored at this step at -80 °C 

2.3. Next, pre-cool the bead mill and equipment for about 60 min [1-MED]. Fill the 50 mL beaker up to 75% with a glass bead mixture…and add the cell suspension and stir it with a spatula or glass rod [2-CU] and add HB if necessary. For cell disruption, use 7 x 45 s pulses at full speed with 30 s of cooling between each pulse [3-MED-TXT].
2.3.1. Talent pre-cools bead mill and equipment (thermostat at +4 °C). 

2.3.2. Talent fills the bead mill beaker up to 75% with glass bead mixture, show that it is at 75% for a beat (talent may point with finger to indicate level) then adds the cells suspension 

2.3.3. Talent starts bead mill – no settings, lab works at full speed. TEXT: Steps from here to ultracentrifuge should total < 30 min
2.4. Filter the disrupted cells over a glass filter funnel and wash them by pouring the HB over the glass beads until they appear clear [1-CU]. Then pool the wash fraction with the filtrate and keep the final volume lower than 150 mL [2-CU].

2.4.1. Show the cells in the glass filter funnel, then show the HB poured over the glass beads, and the glass beads turning clear 

2.4.2. Focus on the liquids as talent pools the wash fraction with the filtrate in a beaker, then shows that the final volume is lower than 150 mL 

2.5. Centrifuge the sample for 15 min at 140 x g using three 50 mL plastic tubes to pellet the cell debris [1-MED]. Carefully transfer the supernatant to 20 mL polycarbonate ultracentrifugation vials and discard the pellet [2-CU]. 

2.5.1. Talent places samples in centrifuge and enters settings, if possible, capture the settings entered on the machine. Possible, but not really necessary
2.5.2. Show how the supernatant being poured to new vial leaving the cell debris in the 50 mL tube.
2.6. Fill the vials with HB…equilibrate the weight…and centrifuge in a suitable rotor for 1 h at 300,000 x g and 4 °C to pellet the thylakoid membranes [1-MED].

2.6.1. Over the shoulder, talent fills vials with HB, equilibrates the weight, then places the vials in centrifuge 

2.7. Resuspend the membrane pellet with as little washing buffer as possible using a small painter’s brush [1-CU-TXT]. Fill the polycarbonate ultracentrifugation vials with washing buffer…equilibrate their weight…and centrifuge them for 20 min at 200,000 x g and 4 °C [2-MED]. 

2.7.1. Focus on pellet and brush. Talent adds small volume of washing buffer, then resuspends the pellet, TEXT: 0.5-1 mL final volume 

2.7.2. Talent fills vials with washing buffer, equilibrates their weight, places them in the centrifuge, then enters settings 
2.8. Resuspend the washed membranes with a painter’s brush [1-MED]. Pool all thylakoids in one 15 mL sample vial [2-MED-TXT]. 
2.8.1. Talent resuspends washed membranes as in 2.7.1. Do not capture the step in as much detail as above 

2.8.2. Over the shoulder, talent pools thylakoids in sample vial. TEXT: Samples may be stored at -80 °C
3. Separation and Concentration of FCP Complexes 

3.1. Fill ultracentrifuge tubes with sucrose gradient solution to the top for a volume of 1 mL [1-MED]. Freeze the tubes at -20 °C until they are completely frozen [2-MED]. Then allow the tubes to thaw at 4 °C [3-MED-TXT]. 

3.1.1. Talent fills ultracentrifuge tubes with sucrose gradient solution 

3.1.2. Talent places tubes in freezer 
3.1.3. Over the shoulder, talent removes tubes from freezer and places them in refrigerator, TEXT: 3-4 h for a 17 mL tube, Repeat freeze-thaw 2X
3.2. Next, use the samples corresponding to 125 µg of chlorophyll and adjust them with buffer B1 to a volume of 0.9 mL [1-MED]. For solubilization, add n-Dodecyl-beta-D-maltopyranoside to a final concentration of 20 mM [2-MED]. 

3.2.1. Over the shoulder, talent adds buffer B1 (0.9 mL)
3.2.2. Over the shoulder, talent adds n-Dodecyl-β-D-maltopyranoside (100 µL)
3.3. Invert the tube 3 times…and place it on ice for 20 min with gentle shaking to prevent foam formation [1-MED]. Centrifuge for 5 min, at 12,000 x g in a pre-cooled table top centrifuge at 4 °C [2-MED].

3.3.1. Talent inverts tube 3 times, then places tube on ice and on shaker then sets timer for 20 min 
3.3.2. Talent places sample in centrifuge and enters settings 

3.4. Load the supernatant on the gradient and do not load more than 125 µg of total chlorophyll per gradient if 17 mL vials are used [1-CU]. Centrifuge for 22 h at 100,000 x g and 4 °C [2-MED-TXT]. 

3.4.1. Talent loads supernatant onto gradient

3.4.2. Side view, talent places sample in centrifuge. TEXT: The pellet should appear colorless.
3.5. Recover the desired brown FCP fractions from the gradient using a syringe [1-CU/ECU-TXT-LM]. Estimate the volume, then remove a 5 µL aliquot and dilute it with 995 µL of B1a [2-CU-TXT]. Then measure the volume of the recovered sample with a 5-mL-pipette [3-CU].
3.5.1. Show the gradient for a beat, then talent removes FCP fractions with syringe, TEXT: FCP: fucoxanthin chlorophyll a/c binding proteins. 58017fig1large. Video Editor: Display only Figure 1A in a split screen with the captured footage. 
3.5.2. Talent removes aliquot and adds B1a. TEXT: If concentration appears too low remove 20 µL
3.5.3. Talent pipettes recovered sample

3.6. Wash the FCP complexes by adding twice the recovered volume with B1 buffer, that is free of detergents [1-MED]. Concentrate the samples in a membrane concentrator with a 30 kDa cutoff at 1,000 x g and 4 °C to an ABS672nm of at least 20 [2-MED].

3.6.1. Talent adds B1 buffer to FCP complex 

3.6.2. Talent places sample in membrane concentrator 
3.6.3. Talent removes concentrator and shows sample in the compartment.

4. Preparation of Liposomes and Incorporation of FCP

4.1. Pipette the lipids into a 2 mL reaction tube and evaporate the chloroform using a gentle nitrogen flow and spread the lipids over the whole area of the tube base [1-CU-TXT]. Let the nitrogen flow until all the solvent is evaporated [2-CU].

4.1.1. Talent pipettes liquids into tube, show that lipids are over the whole area of the tube base, TEXT: Keep lipids chilled and under N2 throughout section

4.1.2. Talent points out that the solvent has evaporated and the lipids are spread over the surface of the tube. 

4.2. Solubilize the lipid mixture in 29 µL of n-octyl beta-D-glucopyranoside at 4 °C for 4 h [1-MED]. Incubate the lipid mixture for 10 min at 30 °C [2-MED]. 

4.2.1. Talent places mixture in cold room on “mixing wheel” and sets timer for 4 hours 

4.2.2. Show that time has passed by panning from the clock or showing the timer. Talent places mixture in incubator and sets timer for 10 min. If possible, capture the temperature setting in the shot
4.3. Then incubate the lipid mixture in a sonicator bath at 25 °C for 3 times for 3 min [1-MED]. Places the mixture on ice for 30 s between each sonication [2-MED]. Add 221 µL of tricine buffer and 250 µL of 4x dialysis buffer [3-MED].

4.3.1. Over the shoulder, talent places mixture in sonicator bath and begins the sonication
4.3.2. Over the shoulder, talent places lipid mixture on ice and sets timer for 30 s
4.3.3. Talent adds tricine buffer and then dialysis buffer to lipid mixture
4.4. Use an extruder with 0.1 µm polycarbonate membranes to obtain a defined liposome diameter of 50-70 nm [1-MED]. Assemble the extruder with the membrane…and filter support [2-CU]. Rinse and moisten the equipment and work carefully and slowly, to prevent air bubbles and tighten the assembly thoroughly [3-CU]. 

4.4.1. Talent gathers extruder materials 

4.4.2. Talent assembles extruder and with membrane and filter support
4.4.3. Show where talent is rinsing and moistening the equipment. Focus on areas where talent tightens the assembly 
4.5. Fill a syringe with 4x dialysis buffer…and pre-wet the extruder until no bubbles can be seen in the second syringe [1-CU]. 

4.5.1. Talent fills syringe, then moistens extruder. Show that no more bubbles are in the second syringe 

4.6. Apply the lipid-detergent-micelles to the extruder and press the solution from one syringe to the other back and forth [1-CU]. Repeat this step 5 times until the solution appears homogenous [1-MED-TXT]. 

4.6.1.  Focus on extruder as the lipid-detergent-micelles are applied to it, and follow the motion as the solution is pressed back and forth

4.6.2. Talent repeats step 4.6.1. Do not capture this step in detail at this point. TEXT: Store at 4 °C for several days. Do not freeze!
5. Incorporation of FCP Complexes and Removal of Detergents and Aggregates

5.1. Move onto incorporation of the FCP complexes and add FCP equal to 20 µg of chl a in a total volume of 500 µL of B1a buffer to 250 µL of the extruded lipid-micelles plus 250 µL 4xDP [1-MED-TXT]. Incubate the samples for three intervals for 3 min each at 25 °C in a thermomixer at 1,500-3,000 rpm interrupted by a 30 s pause on ice [2-MED].

5.1.1. Show reagents ready on bench, then show talent adding FCP to extruded lipid-micelles, TEXT: chl: fucoxanthin chlorophyll 
5.1.2. Talent places the samples in the incubator, if possible, capture temperature settings 

5.2. Cut the lid of four 1.5 mL reaction tubes just under the top giving a ring which still fits on the lid [1-CU]. Prepare 1.5 by 1.5 cm pieces of dialysis membranes…and wash them in 20 mL of 1x dialysis buffer [2-CU].
5.2.1. Focus on the lid as talent cuts them, then shows to camera the kind of cuts made

5.2.2. Talent cuts pieces of membranes, show the cut membranes for a beat, then talent washes them in dialysis buffer 

5.3. Fill each lid with 250 µL of the sample [1-CU]. Carefully, lay the membrane on the lid so that the compartment is completely filled with the sample and no air bubbles occur [2-CU]. Tighten the reaction tube ring on the assembly so the compartment is closed [3-CU]. 
5.3.1. Talent fills lid with sample [Shots 5.3.1, 5.3.2, and 5.3.3 combined]
5.3.2. Focus on the lid and membrane as the membrane is laid on the lid 
5.3.3. Focus on tube ring as it is tightened 
5.4. Dialyze the samples in 50 mL of 1x dialysis buffer overnight, for 12-16 h on ice on a tumbling shaker [1-MED]. Replace the buffer with fresh dialysis buffer and add 7 mg of adsorbent beads to remove the remaining detergents for at least 6 h [2-MED]. 

5.4.1. Talent adds dialysis buffer and places the samples on ice and on a shaker. Then leaves them behind and closes the lid of the light proof container.
5.4.2. Over the shoulder, talent returns to the samples and replaces the dialysis buffer, then adds beads to the mix, and sets timer for 6 hour

5.5. Replace the dialysis buffer again and dialyze the samples for another 12 h [1-MED]. Recover the liposomes by piercing the dialysis membrane with a 200 µL micropipette tip, and aspirate all liposomes from the reaction tube lid [2-CU].

5.5.1. Side view, talent replaces the dialysis buffer and sets timer for 12 h

5.5.2. Focus on the membrane as talent pierces it with a micropipette tip. Then focus on lid as talent aspirates liposomes 

5.6. Centrifuge the FCP liposomes in at least 2 mL of 1x dialysis buffer for 1.5 h at 100,000 x g and 4 °C [1-MED]. Recover the liposomes by turning the centrifuge tube at an angle of 45° [2-MED]. Allow the liposomes to move down for 1 min [3-CU]. 

5.6.1. Talent adds dialysis buffer and places sample in centrifuge, closes lid and enters settings. If possible, capture the settings in the shot. 

5.6.2. Focus on tube as talent angles the tube

5.6.3. Show that the liposomes have moved to the bottom of the tube

5.7. Recover the FCP liposomes in a final volume of 25-50 µL and avoid disturbing the precipitate [1-MED]. 
5.7.1. Talent carefully recovers sample

6. Results: Spectral Features of FCP-liposomes in Response to Ion Gradients 
6.1. Differences in the normalized absorbance spectra indicate pigment loss, which occurs in the spectral region between 500-550 nm, where carotenoids absorb [1-LM]. 
6.1.1. 58017fig2large.jpg. Video Editor: Please show Figure 2B only with all text. When “normalized absorbance spectra” is said, highlight the text in the y-axis in yellow for a beat. Add an arrow pointing to the region between 480-550 nm when “spectral region between 500-500 nm” is said. 
6.2. Pigment loss is acceptable if the complexes are still functional, indicated by similar emission and excitation spectra [1-LM].

6.2.1. 58017fig2large.jpg. Video Editor: Please display Figure 2C, 2D side by side only with all text, but without the graphs. As soon as the voiceover begins show the before concentration graphs (blue), then after a beat, add the after concentration graphs (dotted) on top of them.  
6.3. The chl fluorescence yield arising from FCP in liposomes is reduced due to excitonic interaction in FCP clusters [1-LM]. 
6.3.1. 58017fig3large.jpg. Video Editor: Please show Figure 3D only with all text. When “FCP in liposomes” is said add an arrow pointing at the graph for FCP in liposome and highlight the text in the legend for “FCP in liposomes”
6.4. The impact of a potassium ion gradient on FCP fluorescence yield was tested in the presence of standard buffer, which drops by 30% if potassium chloride is added [1-LM]. The potassium gradient was released by valinomycin, which restores the FCP fluorescence to the initial level and corrorborates the hypothesis that FCP complexes respond to potassium ion concentration gradients in vivo [2-LM].

6.4.1. 58017fig4large.jpg. Video Editor: Please show Figure 4B only with all text. As soon as the voiceover begins bring in each line of the graph with its corresponding legend text in one by one. When “potassium ion gradient…” is said, highlight the text in the y-axis in yellow for a beat. When “drops by 30%...” is said add an arrow pointing at the graph for 2. FCP liposome + 20 mM KCl outside (the blue graph) 
6.4.2. 58017fig4large.jpg. Video Editor: Please show Figure 4B only with all text. When “valinomycin” is said add an arrow pointing at the graph for 3. FCP liposome + 20 mM KCl + Valinomycin 

7. Conclusion (said by authors on camera)
7.1. Lars Dietzel: Following this procedure, other methods like time resolved fluorescence, pump-probe or single complex spectroscopy can be performed to answer additional questions like how captured light energy is transferred within and between the antenna complexes.

Provided Media

Insert your media filenames here.

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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