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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) __No__ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? 
3.3-3.4, 3.7-3.8, and 4.1-4.4
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Ensuring the ELP transition has been induced before the hot spin is the most difficult aspect. Careful observation of the ELP solution during the addition of salt or application of heat is helpful to achieve success in this step.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE): 
Procedural Narrative:
The overall goal of this procedure is to purify recombinant elastin-like polypeptides from E. coli by inverse transition cycling. (Intro)
This is accomplished by first collecting the lysate from E. coli cells that have expressed recombinant elastin-like polypeptide and removing insoluble cellular debris by centrifugation. (P1: Show the diagram at the top in a step-wise fashion. Have the flask appear first then have the arrow to the right appear with the following tube with the words “collecting the lysate from E. coli.” Then have the double arrow appear and have the bottom tube appear with the words “expressed recombinant elastin-like polypeptide and have the top tube appear with the words “removing insoluble cellular debris.”)
The second step is to remove soluble contaminants by inducing the elastin-like polypeptide transition with the addition of salt or heat, then collecting the elastin-like polypeptide coacervate by centrifugation, and discarding the supernatant. This step is termed a hot spin. (P2: Have the start arrow and the tube below it shown on screen, then have the next arrow appear and have the word “add salt or heat” appear at the same time to the right of the arrow with the words “inducing the.” Then have the next tube appear and have an arrow pointing to the bottom of the tube that says “elastin-like polypeptide fraction” and an arrow to the top of the tube that says “soluble contaminants.” Then have the double arrow appear below the tube and have the label “centrifuge” appear to the right of the double arrow with the words “then collecting.” Then have the tube on the left side below the double arrow appear with the words “elastin-like polypeptide” and have the tube on the right below the double arrow appear with the words “discarding the supernatant”. Then have the bracket and the words “Hot Spin” appear with the words “This step is termed.”)
Next, the resuspended elastin-like polypeptide solution is centrifuged to remove the insoluble contaminants. The soluble elastin-like polypeptide in the supernatant is retained and the pellet is discarded. This step is termed a cold spin. (P3: Keep the tube from P2 that is on the left side below the double arrow and have the arrow and tube below that appear with the words “Next, the resuspended.” Then have the big curved arrow, the word “centrifuge” written along the arrow, and the tube after the long arrow appear with the words “centrifuged”. Then have the double arrow appear and the tube above the double arrow to the left appear with the words “the insoluble contaminants.” Then have the other tube above the double arrows appear. Display the bracket and the words “cold spin” with the words “This step is termed.”)
The final step is to Repeat cycles of hot and cold spins until satisfactory purity of the elastin-like polypeptide is achieved. (P4: Display the entire schematic, except for the P1 diagram and have the words “Inverse Transition Cycling” appear in the middle of the schematic.)
Ultimately, inverse transition cycling yields pure elastin-like polypeptide products that can be characterized for use in a variety of biomedical applications such as biosensing, tissue engineering, and drug delivery. (Can this text be changed due to redundancy with the introductory interview text given by Sarah MacEwan?) (P5:  Show Figure 1c on the left half of the screen, then with the word “variety” pull out Figure 3 from the pellet in the tube and display it on the right half of the screen.)
[image: image1.emf]
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B.  Interview: (Said by you on camera. Don’t forget to smile!)   
An example statement was filled out for you, feel free to modify it if necessary. 
1.1. Sarah MacEwan: Elastin-like polypeptides purified by this technique have a number of useful This technique is useful in a number of applications including biosensing, tissue engineering, and drug delivery, where the transition temperature and biopolymer architecture of the elastin-like polypeptide can be specifically tuned for each application.  

Protocol (read by voice talent at JoVE): 
2. Expression of Elastin-like Polypeptides (ELP)
2.1. To begin, express the desired ELP-encoding plasmid in E. coli using the conditions described in the accompanying text protocol. (each letter is individually pronounced in the abbreviation ‘ELP’)
2.1.1. WIDE: Talent inoculates media with 1 ml from a 3 ml a colony of E. coli culture from an agar plate.  
2.2. After shaking a 1 Liter culture in an incubator for 24 hours at 37°C, transfer the culture to a 1 Liter centrifuge bottle and then centrifuge the bottle at 2,000 x g for 15 minutes at 4°C.
2.2.1. WIDE: Talent removes a 1 Liter culture of E. coli from a 37°C incubator. 
2.2.2. MED: Talent transfers culture to 1 L centrifuge bottle.

2.2.3. WIDE: Talent places bottle in centrifuge.

2.3. Next, discard the supernatant and resuspend the pellet in PBS, water, or other desired buffer to a total volume of 45 mL. Then, transfer the cell suspension to a 50 mL conical tube.
2.3.1. WIDE: Talent removes bottle from centrifuge.
2.3.2.  MED: Talent discards supernatant and resuspends pellet in buffer. 
2.3.3. MED: Talent transfers cell suspension to a 50 mL conical tube and places tube on ice. 
3. Purification of ELPs by Inverse Transition Cycling
3.1. Place the cell suspension on ice and, once cooled, sonicate for a total of 9 minutes in cycles of 10 seconds ‘on’ and 20 seconds ‘off’ with an output power of 85 watts. (TEXT: Note: Increase the ‘off’ cycle to 40 sec if the ELP has a very low transition temperature.)

3.1.1. MED/CU: Multiple takes of talent transferring tube from ice into a sonicator, then begins sonicating and starts a timer displaying 9 minutes. (sonicator programing controls this time for us – close up of sonicator control panel should help clarify this).
3.2. Allow the sample to cool on ice for approximately 10 minutes following the first round of sonication and then repeat the 9 minute sonication cycle.
3.2.1. MED: Talent takes tube out of sonicator, places on ice, and presses start on a timer displaying 10 minutes. 
3.2.2. Use shot 3.1.1.
3.3. Transfer the lysate to a 50 mL round bottom centrifuge tube. Then, add 2 mL of 10% (w/v) polyethyleneimine for each liter of culture, and shake the tube to mix. (TEXT: Do not add PEI if ELP is negatively charged.)
3.3.1. CU: Talent transfers lysate into a 50 mL round bottom centrifuge tube and adds polyethyleneimine to lysate.

3.3.2. MED: Talent shakes the tube to mix the lysate. 
3.4. Next, centrifuge the tube at 16,000 x g for 10 minutes at 4°C. Then, transfer the supernatant to a clean 50 mL round bottom centrifuge tube and discard the pellet. (TEXT: If the ELP is fused to a peptide or protein see text protocol for additional steps.)
3.4.1. WIDE: Talent places the tube in a centrifuge and hits start. 

3.4.2. WIDE: Talent removes tube from centrifuge.

3.4.3. CU: Talent transfers supernatant to a clean 50 mL round bottom centrifuge tube and discards the pellet.

3.5. Add crystalline NaCl to the sample to induce the ELP transition. Once the salt has dissolved, the solution will turn cloudy, which indicates the phase separation of the ELP from the solution. (TEXT: Do not exceed 3 M NaCl.) (‘NaCl’ can be spoken as ‘sodium chloride’)
3.5.1. CU/ECU: Talents adds NaCl to the supernatant until the solution turns cloudy.
3.6. Then, pellet the ELP by centrifuging the sample at 16,000 x g for 10 minutes at room temperature. The ELP pellet will appear translucent and may be brown in color.
3.6.1. WIDE: Talent places tube in centrifuge.

3.6.2. WIDE: Talent removes tube from centrifuge.

3.6.3. ECU: Talent holds tube and checks that there is a pellet is transclucent/brown in color. (this pellet may appear white prior to it cooling on ice)  

3.7. Discard the supernatant and then resuspend the pellet in 1 to 5 mL of the desired buffer by pipetting or rotating the tube at 4°C. (TEXT: Note: The volume of buffer is dependent on the size of the ELP pellet.)
3.7.1. MED: Talent discards the supernatant. 

3.7.1a . Added shot: Talent adds PBS to pellet and places tube on ice for approximately one minute.
3.7.2. ECU: Talent checks that the cooled ELP pellet is translucent/brown in color and resuspends the pellet in desired buffer by pipetting.

3.8. Next, pipette 1 mL aliquots of the resuspended ELP solution into clean 1.5 mL microcentrifuge tubes.
3.8.1. CU/ECU: Multiple takes of talent pipetting 1 mL aliquots of the resuspended solution into clean 1.5 mL microcentrifuge tubes. 
3.9. Centrifuge the tubes at 16,000 x g for 10 minutes at 4°C. Then transfer the supernatant to a clean tube and discard the pellets. 

3.9.1. MED: Talent places 1.5 mL tubes in centrifuge and presses start.
3.9.2. MED: Talent removes tubes from centrifuge. 
3.9.3. CU: Talent transfers the supernatants to a clean tube and discards the pellets.
4. Removal of Contaminants from ELP Through Subsequent Rounds of ITC
4.1. Induce the ELP transition with the addition of NaCl. If the ELP has a high transition temperature that cannot be induced with salt alone, incubate the sample on a heat block for 15 minutes at a temperature above the ELP transition temperature. 
4.1.1. CU/ECU: Multiple takes of talent adding NaCl to the tube until the solution turns cloudy.
4.2. Then, centrifuge the sample at 16,000 x g for 10 minutes at a temperature above the temperature used for the ELP transition step. (TEXT: Note: Centrifuge at RT for NaCl treated samples.)
4.2.1. MED: Talent places tube in centrifuge.

4.2.2. ECU: Talent sets the speed and time on the centrifuge and then presses start. 

4.2.3. MED: Talent removes tube from centrifuge.

4.3. Discard the supernatant and resuspend the ELP pellet in 500 to 750 μL of desired buffer by pipetting or rotating the tube at 4°C until the pellet is resolubilized. 
4.3.1. CU: Talent discards the supernatant and adds desired buffer to pellet at 4°C.

4.3.2. [audio slate] ECU: Talent pipettes the pellet until it is resolubilized.
4.4. Next, centrifuge the sample at 16,000 x g for 10 minutes at 4°C to pellet any insoluble contaminants. Then, transfer the supernatant to a clean tube and discard the pellet.

4.4.1. MED: Talent places tube in centrifuge and presses start.

4.4.2. MED: Talent removes tube from centrifuge.

4.4.3. CU: Talent transfers supernatant to a clean tube and discards the pellet. 

4.5. Repeat inverse transition cycling until no contaminant pellet is observed. This typically requires 2 to 5 cycles.
4.5.1. MED: Talent removing tube from centrifuge with no contaminant pellet.
4.5.2. ECU: Talent examines tube to make sure there is no contaminant pellet.
5. Characterization of ELP Tt by Temperature-programmed Turbidimetry 
5.1. Prepare a dilution series of ELP solutions in PBS or other desired buffer.

5.1.1. CU: Talent prepares dilution series of ELP solutions in desired buffer.

5.2. Then, use a temperature-controlled UV-Vis spectrophotometer to measure the optical density at 350 nm over a range of temperatures while heating the sample at a rate of 1°C per minute. If no increase in optical density is seen, then the transition temperature may exceed the upper temperature limit. 

5.2.1. MED: Talent places ELP solutions in a UV-Vis spectrophotometer. 

5.2.2. MED - over the shoulder: Talent sets up the program to measure the optical density at 350 nm over a range of temperatures at a heating rate of 1°C per minute and begins taking measurements. (Video editors: Display this TEXT while the last sentence is read (TEXT: See protocol for additional instructions.))
5.3. Next, measure the decrease in optical density over the same range of temperatures at a cooling rate of 1°C per minute to verify the reversibility of the ELP transition.
5.3.1. MED – over the shoulder: Talent measures the decrease in optical density at a cooling rate of 1°C per minute. (Technically this would not require a separate step as our UV-VIS instrument can be programed to heat and then cool in a single experiment)
5.4. Plot the optical density versus the temperature. Then, determine the transition temperature of the homopolymer ELP by identifying the inflection point on this turbidity profile.

5.4.1. (Videoeditors: Display figure 4B and have an arrow appear on the graph at the inflection point (31°C) with the label Tt with the words “by identifying the inflection point.”)
6. Results: Characterization of ELPs Purified from E. Coli through ITC
6.1. The successful purification of ELPs is confirmed by SDS-PAGE. As can be seen here, the number of contaminants is much greater in the initial E. coli lysate as compared to the sample after one round of inverse transition cycling. 
6.1.1. LABMEDIA: Figure 3 (Video editors: Highlight lane 2 with the words “number of contaminants is much greater in the initial E. coli lysate” then highlight lane 6 with the words “the sample after one round of inverse transition cycling”)
6.2. The ELP transition temperature is characterized by temperature-programmed turbidity. For an ELP homopolymer, the turbidity profile exhibits a single sharp increase in the optical density, which defines the transition temperature at a given concentration. The reversible nature of the ELP transition is confirmed with a cooling turbidity scan.
6.2.1. LABMEDIA: Figure 4 (Video editors: Display the left graph first and have five arrows appear along the x-axis on the graph where each line makes a sharp increase with the words “exhibits a single sharp increase.” Then with the words “the reversible nature” display the right graph.)

6.3. ELP diblock copolymers exhibit a more complex turbidity profile than homopolymer ELPs. Dynamic light scattering measurements can then be taken to confirm the behavior of these ELPs that is inferred from the turbidity profile.
6.3.1. LABMEDIA: Figure 5 (Video editors: Display the left graph during the first sentence then zoom out and show both graphs side by side with the words “ Dynamic light scattering”.) 
7. Conclusion (said by authors on camera) 
7.1. Sarah MacEwan: After watching this video, you should have a good understanding of how to purify recombinant elastin-like polypeptides from E. coli using inverse transition cycling.
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.  

1.A - 51583_Chilkoti_Figure1c.tif - ELP pellet

6.1 - 51583_Chilkoti_Figure3.tif - SDS-PAGE analysis of purity
6.2 - 51583_Chilkoti_Figure4.tif - ELP homopolymer characterization 

6.3 - 51583_Chilkoti_Figure5.tif - ELP diblock copolymer characterization
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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


