Submission ID #: 53410
Editor Name:  Linda DiBella
Videographer name:
Film Date: 

Authors and Affiliations: 
Bednarczyk, Dominika
Department of Biological Chemistry 
Weizmann Institute of Science 
Rehovot, Israel
dominika.bednarczyk@weizmann.ac.il.

Noy, Dror 
Migal-Galilee Research Institute
Kiryat Shmona, Israel 
drorn@migal.org.il 

Title: Water in oil emulsions: a new system for assembling water-soluble chlorophyll-binding proteins with hydrophobic pigments


Corresponding Author: Noy Dror. Tel.: +97247700508

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N______ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
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.) _2.4-2.6, 2.11, 4.1, 4.2, 4.4-4.6
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.) _4.4-4.6
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. Experimental Goal (read by voice talent at JoVE):

The overall goal of this technique is to enable incorporation of water-insoluble chlorophylls into the binding sites of water-soluble proteins. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dror Noy: This method enables assembly of chlorophylls with recombinant protein, which allows rigorous studies of chlorophyll-protein interactions, and opens up new possibilities for constructing novel chlorophyll protein complexes. 
1.2. Dror Noy: The main advantage of this technique is that it does not require tagging or immobilizing the proteins. Thus, it is well suited for screening assays.

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Dror Noy: Demonstrating the procedure will be Dominika Bednarczyk, a post doc from my laboratory.
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Protocol (read by voice talent at JoVE):

2. Prepare Chlorophyll a Stock Solutions
2.1. While preparing the following stock solutions, perform all chlorophyll preparation steps under a chemical hood under green light or in the dark to minimize photodamage [2.1.1-WIDE-TXT].  Always add nitrogen or argon before freezing the pigments for storage [2.1.2-MED/CU] and ensure that all solvents are analytical grade [2.1.3-CU].
2.1.1. Talent under chemical hood turns on green light (TEXT: 520 nm)
2.1.2. Talent adds nitrogen or argon to a solution
2.1.3. Chemical grade solvents lined up on bench in hood
2.2. To begin, weigh about 5 g of lyophilized Spirulina platensis cells or other cyanobacterium cells containing only chlorophyll a, or chlorophyll a in thylakoid membranes [2.2.1-MED/CU] and use a mortar and pestle to crush it [2.2.2-CU].
2.2.1. Talent weighs out Spirulina powder 
2.2.2. Film as written
2.3. Dominika Bednarczyk, For Step  2.2:  The critical step during the Chl extraction is to make sure that cyanobacteria cells are thoroughly lyophilized and to ensure the complete removal of water from DEAE sepharose by several washes with acetone [2.3.1-INTERVIEW]. 
2.3.1. Talent recites the above looking off camera
{comment: From here on until the end of section 2, all shots must have a green overlay, unless stated otherwise.}
2.4. Load the crushed cells onto a glass column [2.4.1-CU] and with about 50-100 ml of 100% acetone, wash the tissue to remove the carotenoids [2.4.2-CU].  After washing, discard the eluted orange/green fraction. The actual color may vary from orange/green to green depending on cyanobacteria culture and growth conditions. [2.4.3-CU-TXT].
2.4.1. Film as written
2.4.2. Film as written 
2.4.3. Talent holds up orange/green fraction for camera and then discards (TEXT: refer to text for additional details)
2.5. Exchange the acetone with 100% methanol and collect the green fraction containing chlorophyll a [2.5.1-CU].  When the color of the eluted fraction turns from dark green to pale green, stop the elution [2.5.2-CU].
2.5.1. Green fraction coming off column with 100% methanol buffer visible in background if possible
2.5.2. Talent holds a tube of dark green eluted fraction next to lighter green solution coming off column and stops elution
2.6. Next, using a rotary evaporator with a water bath that does not exceed 30 degrees C [2.6.1-MED/CU], evaporate the methanol until the extract is completely dry [2.6.2-MED/CU-TXT].  Then use a small volume of diethyl ether to completely dissolve the pigments from the dried extracts [2.6.3-CU] and filter the solution through cotton wool. Use an additional small volume of ether to wash pigments off the cotton wool [2.6.4-CU]. 
2.6.1. Shot of rotary evaporator with water bath
2.6.2. Talent places sample into evaporator and turns on (TEXT: do not apply heat); B need another version for 2.7.1 below; C need another version for 2.10.2 below
2.6.3. Film as written
2.6.4. Film as written 
2.7. Evaporate the diethyl ether until the pigments are completely dry [2.7.1-MED/CU].  If stopping at this point, keep the dry pigments under nitrogen or argon at -20 degrees C in the dark until further processing [2.7.2-WIDE].
2.7.1. Use 2.6.2B here
2.7.2. Talent places samples under argon or nitrogen at -20 degrees C in dark
2.8. To proceed with chlorophyll a preparation, partially dissolve the dry pigments in the smallest volume possible of 100% acetone [2.8.1-CU].  Then add 4 ml of acetone to the suspension and swirl the flask to completely dissolve the pigments [2.8.2-CU].
2.8.1. Talent adds small volume of acetone to dissolve pigments
2.8.2. Film as written
2.9. Using a Pasteur pipette, gently load the sample onto a DEAE sepharose column equilibrated in 100% acetone [2.9.1-CU] and with 100% acetone, elute the carotenoids [2.9.2-CU/ECU-TXT].  Then use a 3:1 volume-to-volume acetone/methanol mixture to elute the chlorophyll a [2.9.3-CU]. You may use a flashlight to briefly illuminate the column during elution in order to observe the actual pigment colors.
2.9.1. Film as written
2.9.2. Carotenoids come off column with acetone visible in background (TEXT: orange-yellow band) {comment: show this shot (or part of it) both with and without green overlay.}
2.9.3. chlorophyll a coming off column with acetone/methanol in background {comment: Use take 2 of this shot.} {comment: show this shot (or part of it) both with and without green overlay.}
2.10. With thin layer chromatography, verify chlorophyll a purity using a 68:25:5:2 volume-to-volume ratio of dichloromethane, n-hexane, isopropanol, and methanol to elute the sample [2.10.1-CU (or LM)].  Then using a rotary evaporator, evaporate the solvent until the chlorophyll a is completely dry [2.10.2-MED/CU-TXT].  
2.10.1. Shot of thin layer chromatography gel with results for chlorophyll a (alternatively, authors will provide an image :  LAB MEDIA Image of thin layer chromatography {comment: Do not use green overlay for this shot.}
2.10.2. Use 2.6.2C here (TEXT: sample can be stored as described earlier in video)
2.11. To prepare a chlorophyll a stock solution, re-dissolve the dry chlorophyll a in 2-4 ml of 100% methanol [2.11.1-CU-TXT].
2.11.1. Film as written (TEXT: refer to text protocol for additional details) 
3. Prepare Organic and Aqueous Phases of Emulsion
3.1. To prepare the organic phase of the emulsion, in a 50 ml tube, weigh 0.2 g of Tween 80, 1.8 g of Span 80, and 38 g of mineral oil [3.1.1-CU].  Mix the components well and place the solution on ice to cool [3.1.2-CU-TXT].
3.1.1. Talent points out Tween 80, span 80 and mineral oil on bench and begins to weigh out Tween 80 into tube
3.1.2. Talent finishes mixing contents of tube and places on ice (TEXT: store at 4°C, 1 wk)
3.2. To prepare an aqueous phase containing purified water-soluble chlorophyll binding protein, or WSCP, grow E. coli BL21 bacteria containing the WSCP gene in 1 liter of LB medium at 37 degrees C to an OD600 of 0.3-0.6 [3.2.1-MED].  
3.2.1. Talent removes culture from incubator and holds for camera
3.3. Add 1 millimolar IPTG to induce protein expression and grow the bacteria at 30 degrees C for 12-16 hours [3.3.1-MED]. Then harvest the bacteria by centrifugation at 5000 g {centrifugation speeds should be pronounced “five thousands g”} and 4 degrees C for 10 minutes [3.3.2-MED]. 
3.3.1. Talent adds IPTG and places cells back into incubator (or simply adds IPTG here)
3.3.2. Talent places tubes into centrifuge and sets speed and time with temp visible; B need another version at 12000 g for 3.9.2 below (Also see 4.4.2 below for two additional shots of spinning). {Use take 2 of this shot.}
3.4. With a buffer suitable for the affinity chromatography, dissolve the pellet [3.4.1-MED/CU], transfer the bacterial suspension to smaller tubes [3.4.11-MED/CU], and sonicate on ice [3.4.2-CU-TXT]. 
3.4.1. Talent dissolves pellet (TEXT: e.g. 40 ml of binding buffer)
3.4.1.1. Added shot: talent transfers sample into smaller tubes
3.4.2. Film as written (TEXT: 30 sec on, 15 sec off, 5X)
3.5. After spinning down the lysate (TEXT: 12,000 x g, 4°C, 30 minutes), purify the recombinant, tagged WSCP proteins using the appropriate commercially available affinity chromatography system for protein purification following the manufacturer’s instructions [3.5.1-MED/CU].
3.5.1. Talent at a column adding buffer to elute sample

3.6. Prepare the aqueous phase of the emulsion by exchanging the buffer to 50 millimolar phosphate buffer, pH 7.8 [3.6.1-CU] and adjusting the purified WSCP concentration to 0.5 -1.0 mg per ml [3.6.2-CU].
3.6.1. Talent adds phosphate buffer to buffer exchange column {comment: This shot is labeled on the video “3.6.1, 3.6.2 combined shots”. However it should be used as shot 3.6.1 as noted in the script.}
3.6.2. Talent adds additional buffer to sample to adjust concentration {comment: This shot was not taken right after 3.6.1, it was taken later.}
3.7. To prepare an aqueous phase containing crude bacterial lysate with WSCP, grow E. coli BL21 cells containing a plasmid expressing WSCP in 250 ml of LB at 37 degrees C to log phase [3.7.1-MED/CU-TXT]. 
3.7.1. Talent removes sample from incubator (TEXT: OD600 = 0.3 - 0.6)
3.8. Add 1 millimolar IPTG to induce protein expression [3.8.1-CU] and grow the bacteria at 30 degrees C overnight [3.8.2-MED].  
3.8.1. Film as written
3.8.2. Talent places flask into incubator
3.9. The following day, after harvesting the bacterial cells, use 1-2 ml of 50 millimolar sodium phosphate buffer, pH 7.8, to dissolve the pellet [3.9.1-CU].  Then after sonicating, centrifuge the lysate at 12000 g and 4 degrees C for 30 minutes [3.9.2-MED].
3.9.1. Talent finishes removing supernatant and adds sodium phosphate buffer and dissolves pellet (TEXT: 5000 x g, 4°C, 10 minutes), Editor, use text for ‘after harvesting the bacterial cells.’
3.9.2. Use 3.3.3B here (TEXT: 30 sec on, 15 sec off, three times), Editor, text for ‘Then after sonicating.’ {comment: This shot is labeled 3.9.2 in the video}
3.10. Prepare the aqueous phase of the emulsion by mixing 0.125 ml of supernatant with 0.875 ml of 50 millimolar sodium phosphate buffer, pH 7.8 [3.10.1-CU].
3.10.1. Film as written
4. Assembly of WSCP with Chlorophyll a in Emulsion
4.1. To assemble WSCP with chlorophyll a in emulsion, transfer 5 ml of a thoroughly mixed oil surfactant mixture into a glass vial and cool on ice [4.1.1-MED/CU].  Add 1 ml of ice-cold aqueous phase just prepared and use a tissue homogenizer at 9500 rpm on ice for two minutes to mix both phases [4.1.2-MED/CU]. [4.1.3-MED/CU]
4.1.1. Talent transfers mixture to glass vial and places on ice
4.1.2. Talent adds aqueous phase to glass vial, places sample into tissue homogenizer and turns on
4.1.3. Added shot: Talent removes sample from the tissue homogenizer
4.2. From this point forward, performing all steps under green light to minimize photodamage [4.2.1-WIDE], add 20 microliters of 25 millimolar chlorophyll a stock solution to the emulsion.   Disperse by flicking and inverting the glass vial, ensuring that the chlorophyll a is evenly distributed in the emulsion [4.2.2-CU].  Then incubate on ice in the dark for 1-2 hours [4.2.3-MED/CU]. 
4.2.1. Talent turns off lights and turns on green light (Videographer, if this is too dark, film under normal light and Editor, place a green overlay over the shots.
4.2.2. Talent adds chlorophyll a stock solution to emulsion and flicks and inverts vial
4.2.3. Talent places sample on ice in dark
4.3.  Dominika Bednarczyk, For Step   4.2:  The critical step during emulsion preparation is to cool down both the water phase and organic phase before mixing [4.3.1-INTERVIEW].
4.3.1. Talent reciting the above looking off camera    
4.4. Next, in order to break down the emulsion and separate the water droplets from the organic phase, transfer the emulsion to 1.5 ml plastic tubes [4.4.1-CU] and centrifuge at 14000 g and room temperature for 5 minutes [4.4.2-MED].
4.4.1. Talent transfers emulsion into tubes
4.4.2. Talent places samples into centrifuge and sets speed and time; B need another version for 4.7.2 below
4.5. Dispose of the upper oil phase and add 1 ml of mineral oil to the lower phase [4.5.1-CU/ECU-TXT].  Then mix well by vortexing or by flipping the tube [4.5.2-MED/CU].  
4.5.1. Talent aspirates the upper phase then adds mineral oil to lower phase (TEXT: lower, aqueous phase should appear green)
4.5.2. Talent vortexes or flips tube {comment: Use take 2 of this shot.}
4.6. After spinning the sample, remove the upper oil phase [4.6.1-ECU]; and repeat the addition of mineral oil and centrifugation [4.6.2-CU/ECU], until a clear meniscus separating the aqueous and mineral oil phases without an intermediate emulsion is achieved [4.6.3-CU/ECU].
4.6.1. Talent removes upper oil phase (TEXT: 14000 x g, RT, 5 min), Editor, use text for ‘After spinning the sample.’ {comment: shot was not taken, use shot 4.5.1 instead.}
4.6.2. Talent adds mineral oil {comment: shot was not taken, use shot 4.5.2 instead.}
4.6.3. Talent holds up to camera showing no intermediate phase in the tube  
4.7. Now, to the aqueous phase, add 1 ml of water-saturated diethyl ether [4.7.1-CU].  Then, after vortexing the sample, spin it down at 14000 g for 5 minutes at room temperature [4.7.2-MED-TXT].  
4.7.1. Film as written
4.7.2. Use 4.4.2B here (TEXT: Repeat two more times)
4.8. After the third centrifugation, in the hood remove the diethyl ether [4.8.1-MED/CU] and leave the tubes open for 5-20 minutes [4.8.2-CU].
4.8.1. Talent under hood removes diethyl ether
4.8.2. Talent places open tubes down
4.9. Finally, load the aqueous phase containing the WSCP/chlorophyll a complex onto a desalting column [4.9.1-MED/CU] and elute with a buffer appropriate for future experiments. Store the sample at 4 degrees C away from light for up to one month [4.9.2-CU-TXT].
4.9.1. Film as written
4.9.2. [bookmark: _GoBack]Talent adds elution buffer and sample is shown eluting into tubes (TEXT: refer to text protocol for details), Videographer, get enough footage here for final sentence.

5. Results: Assembly of WSCP Apoproteins using Water in Oil Emulsions
5.1. Using the protocol described in this video, recombinant WSCP apoproteins were assembled with chlorophyll a in water and oil emulsions.  Shown here are the absorbances and CD spectra of chlorophyll a complexes of four recombinant WSCP variants.  The results are similar in band shape and position to previously reported spectra of the respective native complexes [5.1.1-LM].
5.1.1. LAB MEDIA Figure 2
5.2. This figure shows the positive assembly of WSCP with chlorophyll a, in lysates from WSCP expressing cells, as seen by the green color of the aqueous phase. This result demonstrates the potential of water in oil emulsions as a fast screening system for positive assembly of WSCPs with chlorophylls [5.2.1-LM].
5.2.1. LAB MEDIA Figure 3A, Editor, for ‘in lysates from WSCP expressing cells,’ point out the green in the bottom of the tube in #6.
5.3. As demonstrated here, droplets of WSCP-containing lysates feature distinct chlorophyll a fluorescence in confocal microscope images. This implies that successful assembly of WSCP/chlorophyll complexes can be detected directly in the water droplets, and it may provide a basis for water and oil emulsion-based screening systems [5.3.1-LM].
5.3.1. LAB MEDIA Figure 3B, Editor, point out the green circles in the WSCP/ chlorophyll a panel for the chlorophyll a fluorescence.

6. Conclusion (said by authors on camera)

6.1. Dominika Bednarczyk: Once mastered, this technique can be done in 4-5 hours if it is performed properly.
6.2. Dominika Bednarczyk: While attempting this procedure, it’s important to remember that working with Chl should be done quickly without exposing Chl to light and oxygen.
6.3. Dror Noy: After its development, this technique enabled us to prepare a wide range of water-soluble chlorophyll binding proteins that are used to explore the effect of protein environment on the electronic and spectral properties of chlorophylls.
6.4. Dror Noy: After watching this video, you should have a good understanding of how to extract and purify chlorophyll a from cyanobacteria and assemble them it water-soluble proteins by using water-in-oil emulsions.
6.5. Dror Noy: Don't forget that working with organic solvents such as ether, methanol or acetone can be harmful and precautions such as working in a chemical hood should always be taken while performing this procedure.   

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.
5.1.1- 53410_5_1_1_Noy_Figure2.psd
5.2.1- 53410_5_2_1_Noy_Figure3A.tiff
5.3.1- 53410_5_3_1_Noy_Figure3B.tiff

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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