APPROVED FILMING SHOTLIST

Submission ID #: 58280
Editor Name: Brigid Stadinski
Videographer name: Kevin Larson (Orange Chair Productions)
Film Date: 07/09/2018
Link: http://www.jove.com/files_upload.php?src=17775448
Authors and Affiliations: 

Luai R. Khoury1, Joel Nowitzke1, Narayan Dahal1, Kirill Shmilovich1, Annie Eis1, Ionel Popa1
1Department of Physics, University of Wisconsin-Milwaukee, Milwaukee, Wisconsin, USA

Title: Force-Clamp Rheometry for Characterizing Protein-based Hydrogels

Corresponding Author: 

Ionel Popa 

(popa@uwm.edu) 

Phone: 414-229-5086
Co-authors:

Luai R. Khoury 
(khoury@uwm.edu)

Joel Nowitzke 

(nowitzk2@uwm.edu)

Narayan Dahal 
(npdahal@uwm.edu)

Kirill Shmilovich 
(shmilov2@uwm.edu)

Annie Eis 

(eisal@uwm.edu)
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)__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: There is no video microscopy in our protocol/ experiments
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.)

Steps: 2.6, 2.8, 3.6-3.10.

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.) ___________________________

Steps: The most difficult aspect is the hydrogel tying process (3.6-3.10), to ensure the success of the step we cut the hydrogel sample into several short pieces (6-8 mm) to have enough sample for successful hydrogel attachment. Also we make sure that the tube used for cross-linking is cut correctly and passivated with silane.
E.  Will the filming need to take place in multiple locations? (Y/N) __N___ If yes, how far apart are the locations? All the locations are in the same building, and the location are close to each other. 

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. Ionel Popa: The main advantage of this technique is that it uses an analog proportional-integral-derivative, or PID, system to apply various controlled-force protocols on protein hydrogel samples and small sample volumes [1-MED]. 
1.1.1. Ionel speaks towards the camera (looking just-off camera), interview style. 

1.2. Ionel Popa: The protocols where the force is clamped allow for straightforward interpretation of data, while low volumes are critical when working with hard-to-produce proteins that are available in small amounts [1-MED].
1.2.1. Ionel speaks towards the camera (looking just-off camera), interview style. 

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Luai R. Khoury: The implications of this technique extend toward developing and characterizing new bio-mimetic materials with tunable elasticity, using the unfolding-refolding transition characteristic for proteins [1-MED]. 
1.3.1. Luai speaks towards the camera (looking just-off camera), interview style. 

1.4. Joel Nowitzke: This method can answer questions in tissue and biomaterial mechanics through enabling the measurement of billions of protein molecules in one ‘pull’ and simulating crowded environments specific for biological tissues [1-MED].
1.4.1. Joel speaks towards the camera (looking just-off camera), interview style. 
Authors, the optional interview statements are limited to one per author, so Luai’s other statements were moved to the conclusion.

Protocol: (read by voice talent at JoVE)
2. Protein-Based Hydrogel Synthesis
2.1. Begin this procedure with reagent solutions preparation as described in the text protocol [1-MED].  To synthesize the protein-based hydrogel, first fix a 23 Gauge needle on a 1 milliliter syringe with a pressed plunger [2-CU].
2.1.1. Talent labels the prepared solutions.
2.1.2. 23G needle as talent fixes it unto a 1mL syringe with a pressed plunger.
2.2. Then, cut a 10 centimeter polytetrafluoroethylene, or PTFE, tube using a razor blade [1-MED-over the shoulder-TXT].  Attach the needle and syringe to one end of the PTFE tube [2-CU].
2.2.1. Talent cuts a 10 cm PTFE tube using a razor blade.  TEXT Overlay: I.D = 0.022 in, O.D = 0.044 in 
2.2.2. Tube as talent attaches the needle and syringe to one end.
2.3. Insert the second end of the tube into a silane solution and fill the tube by retracting the syringe plunger [1-MED].  Leave the tube for approximately 30 minutes [2-MED-over the shoulder].  Then, remove the silane solution and dry the tube with compressed air [3-CU].
2.3.1. Talent inserts the second end of the tube into the silane solution and fills the tube by retracting the syringe plunger.
2.3.2. Talent leaves the tube a starts a timer to count down from 30 minutes.
2.3.3. Tube as talent removes the silane solution and dries the tube with compressed air.
2.4. Now, mix the protein solution with APS and Tris bi-pyridine ruthenium-2 chloride in a 1.5 milliliter tube using a constant volume ratio [1-MED-over the shoulder].
2.4.1. Talent mixes the protein solution with APS and [Ru(bpy)3]2+ in a 1.5 milliliter tube using a constant volume ratio.  Use labeled containers.
2.5. Vortex the photoactive solution until it is mixed completely [1-CU].  Then, centrifuge the mix at maximum speed to remove any bubbles from the solution [2-MED].
2.5.1. Photoactive solution as talent vortexes it.
2.5.2. Talent places the solution into the centrifuge, shuts lid and starts run.
2.6. Luai R. Khoury: Bubbles can form while loading the hydrogel photoactive mix into the teflon tube, leading to sample damage.  To prevent bubble formation, keep the teflon tube end in the solution mix during the loading process and retract the syringe plunger slowly [1-MED].
2.6.1. Luai speaks towards camera (looking slightly off-camera), interview style.
Authors, please note Luai’s response was edited to meet the 40 word maximum.

2.7. Insert the open end of the treated PTFE tube into the photoactive mixture and draw the solution into the tube by retracting the syringe plunger [1-CU].
2.7.1. Treated PTFE tube as talent inserts the open end into the photoactive mixture and draws the solution into the tube by retracting the syringe plunger. 
2.8. Now, place the loaded tube approximately 10 centimeters away from a 100 Watt mercury lamp to prevent heating it, and keep it there for up to 30 minutes at room temperature [1-MED-over the shoulder].
2.8.1. Talent places the loaded tube approximately 10 centimeters away from a 100 Watt mercury lamp and starts a timer to count down from 30 minutes. 
2.9. Remove the tube from the needle and cut the edges of the tube near the hydrogel ends with a razor blade [1-CU].  Then, use a blunted 24 Gauge needle to extrude the hydrogel into the Tris solution [2-ECU].
2.9.1. Tube as talent removes it from the needle and cuts the edges of the tube near the hydrogel ends with a razor blade.
2.9.2. Hydrogel as talent extrudes it from a blunted 24 G needle into the Tris solution.
2.10. Visually inspect the gels for any defects that might form during the extrusion or due to bubbles, and discard any defected gels [1-MED].
2.10.1. Talent visually inspects the hydrogels.
3. Protein-based Hydrogel Attachment and Force-Clamp Rheometer Set-up
3.1. Start the instrument control program and turn on the voice-coil motor.  Then, set the coil position to a value toward the end of the range [1-SCREEN].
3.1.1. 58280_Popa_SCREEN_3.1.1: Screen capture movie as the instrument control programs starts and talent turns on the voice-coil motor.  Then talent sets the coil position to a value towards the end of the range.
3.2. Displace the hooks in the z-direction and align them at the bend in the x-direction [1-CU].  Then, record the values of the micrometer screws for the x-direction [2-SCREEN].  
3.2.1. Hooks as talent manually displaces them in the z-direction and aligns them at the bend in the x-direction.
3.2.2. 58280_Popa_SCREEN_3.2.2: Screen capture movie as talent records the values of the micrometer screws for the x-direction.
3.3. Now, tie a loose double overhand knot at the end of the suture strand, such that the diameter of the loop is about 4 mm; then cut the loop off the strand. Repeat to form a second loop[1-CU].  Then, place the 2 loops on the hook connected to the force sensor [2-MED-over the shoulder].
3.3.1. Sterile sutures as talent cuts them into 2 strands of equal length of 2 to 3 centimeters.
3.3.2. Talent ties a loose double overhand knot into each of the strands and places the 2 loops on the hook connected to the force sensor.
3.4. Fill the experimental chamber with Tris buffer and transfer the hydrogel sample into the filled chamber using medical tweezers [1-MED].
3.4.1. Talent fills the experimental chamber with Tris buffer and transfers the hydrogel sample into the filled chamber using medical tweezers.
3.5. Place the voice coil and force sensor hooks close to the solution surface and align the hooks in all directions with the x/y/z-positioning manipulators [1-CU]. 
3.5.1. Voice coil and force sensor hooks as talent places them next to the surface and then aligns them.
3.6. Using medical tweezers, hang both sides of the protein hydrogel sample on the hooks connected to the voice coil and force sensor [1-MED-over the shoulder].
3.6.1. Talent  uses medical tweezers to hang both sides of the protein hydrogel sample on the hooks connected to the voice coil and force sensor
3.7. Joel Nowitzke: A typical error is an over-tightening of the suture loops around the hydrogel samples during the attachment process, which may lead to a notch formation and cutting of the hydrogel sample [1-MED].
3.7.1. Joel speaks towards camera (looking slightly off-camera), interviews style.
3.8. Carefully tighten 1 suture loop around the hydrogel sample on the voice coil hook by holding both ends of the suture loop with medical tweezers and pulling them simultaneously [1-CU].
3.8.1. Suture loop as talent tightens suture loop around the hydrogel sample on the voice coil hook by holding both ends of the suture loop with medical tweezers and pulling them simultaneously
3.9. Repeat this step for the loop connected to the force sensor [1-MED-over the shoulder].
3.9.1. Talent prepares the loop connected to the force sensor.
3.10. Tighten the suture loops on the bends of each hook to prevent any slippage; use these bends as reference points to find the zero separation between the hooks [1-CU].  Cut the excess lengths of the sutures using medical scissors [2-MED over the shoulder].
3.10.1. Suture loops as talent tightens them on the bends of each hook.
3.10.2. Talent cuts the excess lengths of the sutures using medical scissors.
3.11. Move the attached hydrogel using z-manipulators along the z-axis toward the experimental chamber to immerse the hydrogel in the experimental solution [1-CU].
3.11.1. Hydrogel as talent moves it using z-manipulators along the z-axis toward the experimental chamber to immerse the hydrogel in the experimental solution.
3.12. Align the hydrogel sample in y-z using the manipulators such that the gel is not under any stress [1-MED-over the shoulder].
3.12.1. Talent aligns the hydrogel sample in the y-z using the manipulators such that the gel is not under any stress.
3.13. Zero the force sensor and separate the two hooks using the x-micrometer stages until the gel starts to experience force [1-CU]. Once this happens, slightly turn back the micrometer screw in the x-direction [2-ECU].
3.13.1. Two hooks as they start to separate using the x-micrometer stages until the gel starts to experience force.
3.13.2. Micrometer screw as talent slightly turns it back in the x-direction.
3.14. Record the position of both manipulators for the voice coil motor and the sensor.  Then, use the difference between these values and the ones previously measured to calculate the exact separation between the tethering hooks at the start of the experiment [1-SCREEN].
3.14.1. 57280_Popa_SCREEN_3.14.1: Screen capture movie as talent records the position of both manipulators for the voice coil motor and the sensor.  Then talent calculates the difference between these values.
4. Protein-Based Hydrogel Characterization using Controlled Force-Ramp and Constant-Force Measurements
4.1. To perform a force-ramp cycle by increasing the force at the desired loading rate, input the starting and final force values, as well as the duration of the protocol, which appears as a flipped “V”, followed by a constant low force for ~200 s, to allow the protein domains to refold before the next cycle [1-SCREEN]. 
4.1.1. 57280_Popa_SCREEN_4.1.1: Screen capture movie as talent inputs the starting and final forces and the duration of the protocol.
4.2. Then, hold the gel at 0 milliNewtons for greater than 200 seconds to allow the protein domains to refold and the gel elasticity to recover [1-SCREEN].  Save the trace [2-MED-over the shoulder]. 
4.2.1. 57280_Popa_SCREEN_4.2.1: Screen capture movie as talent starts the hold for the gel at 0 milliNewtons for greater than 200 seconds. 

4.2.2. Talent saves the trace on the computer.
4.3. Perform a constant-force protocol by applying a low force for 30 seconds.  Then, increase the force to a constant force for a defined amount of time, followed by quenching the force back to the same low value for greater than 300 seconds to allow the protein domains to refold and the gel elasticity to recover [1-SCREEN].
4.3.1. 57280_Popa_SCREEN_4.3.1: Screen capture movie as talent sets up the force protocol to apply 0.1 mN for 30 seconds and then increase the force to 1 mN for 120 s, followed by quenching the force back to 0.1 mN for greater than 300 seconds.
4.4. Following the first pulse, adjust the PID settings to maximize the response time of the feedback loop.  Save the trace [1-SCREEN].
4.4.1. 57280_Popa_SCREEN_4.4.1: Screen capture movie as talent adjusts the PID settings to maximize the response time of the feedback loop and saves the trace
4.5. Finally, perform data analysis as described in the text protocol [1-WIDE].
4.5.1. Talent works at the computer to perform the data analysis.
5. Results: Formation and Biomechanical Characterization of Protein-Based Hydrogel Samples
5.1. Each measurement starts with a slack curve.  By fitting two lines, the zero force on the sensor and the true gel length is determined [1-LM].
5.1.1. 58280 Ionel Popa_4Movie.pptx: Slide 2 – Animation 1
5.2. The true gel length is calculated from the intersection of the fits and the position of the micrometer screws [1-LM].

5.2.1. 58280 Ionel Popa_4Movie.pptx: Slide 2 – Animation 2.  Video editors, please highlight (x = 54.4 µm as “the intersection of the fits” is narrated.
5.3. The force-clamp rheometry system can apply two different types of protocols.  In the force-ramp mode, the hydrogel sample experiences a force changing protocol with time that resembles an inverted “V” [1-LM].
5.3.1. 58280 Ionel Popa_4Movie.pptx: Slide 3 – Animation 1
5.4. In constant-force mode, the applied stress changes in a step-like pattern.  During measurements, the PID system adjusts the hydrogel extension by changing the coil position to follow the predefined set point from the force protocol [1-LM].
5.4.1. 58280 Ionel Popa_4Movie.pptx: Slide 3 – Animation 2 – Video editors, please highlight the black dotted line labeled “Set-Point” as “predefined set point from the force protocol” is narrated.
5.5. The strain is then calculated by dividing the measured extension to the true gel length [1-LM].  The stress is determined by dividing the applied force to the cross-sectional area of the hydrogel sample [2-LM].  Force-ramp traces are best represented as stress versus strain [3-LM].
5.5.1. 58280 Ionel Popa_4Movie.pptx: Slide 4 – Animation 1 – Video editors, please highlight the x-axis.
5.5.2. 58280 Ionel Popa_4Movie.pptx: Slide 4 – Animation 1 – Video editors, please highlight the y-axis.
5.5.3. 58280 Ionel Popa_4Movie.pptx: Slide 4 – Animation 1

5.6. The Young’s modulus can be calculated from the slope measured during the loading phase [1-LM].  The hysteresis gives the energy dissipation coming from unfolding and refolding the protein [2-LM]. 
5.6.1. 58280 Ionel Popa_4Movie.pptx: Slide 4 – Animation 2 – Video editors, please highlight the “Young modulus” and corresponding pointer up to the dotted line, as well as the dotted line.
5.6.2. 58280 Ionel Popa_4Movie.pptx: Slide 4 – Animation 2 – Video editors, please highlight the “Energy dissipation” and corresponding pointer into the gray hysteresis.
5.7. Constant force traces are best represented as a function of time [1-LM].  The change in strain can be used to measure the unfolding and refolding rates by fitting a double exponential [2-LM].

5.7.1. 58280 Ionel Popa_4Movie.pptx: Slide 4 – Animation 3

5.7.2. 58280 Ionel Popa_4Movie.pptx: Slide 4 – Animation 4

6. Conclusion (said by authors on camera)

6.1. Ionel Popa: While attempting this procedure, it’s important to remember to discard any clearly damaged hydrogels, a result from protein aggregation, a non-homogeneous mixing of the protein with the cross-linking chemicals, a presence of bubbles, or residues of silane on the tube walls [1-MED].
6.1.1. Ionel speaks towards the camera (looking just-off camera), interview style. 
6.2. Luai Khoury: Generally, individuals new to this method will struggle at first with attaching the gels to the hooks using the surgical sutures without causing damage to the hydrogels sample.  Extruding the gel from the tube can damage the hydrogel [1-MED].

6.2.1. Luai speaks towards the camera (looking just-off camera), interview style. 

6.3. Luai Khoury: This method enables the application of constant-force protocols on low-volume hydrogel samples.  These experiments allow the decoupling of the elastic and viscoelastic behaviors and the study of unfolding and folding mechanics in a bulk approach [1-MED].
6.3.1. Luai speaks towards the camera (looking just-off camera), interview style. 

6.4. Luai R. Khoury : After its development, this technique allows researchers in the field of materials sciences to explore new soft biomaterials, such as engineered polyproteins-based hydrogels that have an excellent potential for tissue engineering scaffolds, drug delivery systems, and biological ink for 3D-printing [1-MED].
6.4.1. Luai speaks towards the camera (looking just-off camera), interview style. 

6.5. Joel Nowitzke : Though this method can provide insight into the mechanics of protein-based hydrogels, it can also be applied to other systems, such as measuring the isometric response of muscle fibers or the elasticity of tissues, such as skin [1-MED].

6.5.1. Joel speaks towards the camera (looking just-off camera), interview style. 
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.

LAB MEDIA (LM):

58280 Ionel Popa_4Movie.pptx
SCREEN Capture Movies: Authors, please upload the following to http://www.jove.com/files_upload.php?src=17775448 after your shoot.
58280_Popa_SCREEN_3.1.1: Screen capture movie as the instrument control programs starts and talent turns on the voice-coil motor.  Then talent sets the coil position to a value towards the end of the range.
58280_Popa_SCREEN_3.2.2: Screen capture movie as talent records the values of the micrometer screws for the x-direction.
57280_Popa_SCREEN_3.14.1: Screen capture movie as talent records the position of both manipulators for the voice coil motor and the sensor.  Then talent calculates the difference between these values.
57280_Popa_SCREEN_4.1.1: Screen capture movie as talent inputs the starting and final forces and the duration of the protocol.
57280_Popa_SCREEN_4.2.1: Screen capture movie as talent starts the hold for the gel at 0 milliNewtons for greater than 200 seconds. 

57280_Popa_SCREEN_4.3.1: Screen capture movie as talent sets up the force protocol to apply 0.1 mN for 30 seconds and then increase the force to 1 mN for 120 s, followed by quenching the force back to 0.1 mN for greater than 300 seconds.
57280_Popa_SCREEN_4.4.1: Screen capture movie as talent adjusts the PID settings to maximize the response time of the feedback loop and saves the trace
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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