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1. Brief Questionnaire:
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 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. _____step_4.4), 4.5), 4.6), 4.12), 4.13)____________________________________
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 to be filmed by their protocol numbers. (Please do not list an entire section.) _____step 4.12), 4.13)_________________
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 Langmuir-Schaefer method with block copolymers is to fabricate cell sheets on various conditions of the temperature responsive surface by controlling strength of cell adhesion and detachment. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Morito Sakuma: This method can help answer key questions in the biomaterials field, such as biocompatible materials, cell culture surfaces, and bioseparation [1.1.1 – MED]. 
1.1.1. Morito speaks toward camera, interview style.
1.2. Morito Sakuma: The main advantage of this technique is that interaction between the temperature responsive surface and cells can be controlled, hence the modifying condition for cell sheet recovery can be optimized [1.2.1 – MED].
1.2.1. Morito speaks toward camera, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.3. Masamichi Nakayama: Though this method can provide insight into interaction between cells and surface, it can also be applied to other systems, such as bioseparation and biofilm [1.3.1 – MED].
1.3.1. Masamichi speaks toward camera, interview style.
1.4. Masamichi Nakayama: Generally, individuals new to this method will struggle because the molecular design and transference condition of a Langmuir film must be optimized for fabricating stable surfaces and recovering intact cell sheets [1.4.1 – MED].
1.4.1. Masamichi speaks toward camera, interview style.
Authors, I had to modify the optional statements because they are meant to be said by an author not speaking in the required interview portion, and the introduction (which includes the experimental goal) was over the 150 word limit, so I moved one of the statements to the conclusion.

Protocol (read by voice talent at JoVE):
2. Synthesis of Polystyrene-block-Poly(N-isopropylacrylamide) by Two-Step Reversible Addition-Fragmentation Chain Transfer (RAFT) Radical Polymerization
2.1. To begin, dissolve styrene, ECT, and ACVA in 40 milliliters of 1,4-dioxane [2.1.1 – MED – TXT].
2.1.1. Talent dissolves styrene, ECT, and ACVA in 40 milliliters of 1,4-dioxane.  Use labeled containers.  TEXT Overlay: 153.6 mmol styrene, 0.2 mmol 4-cyano-4-(ethylsulfanylthiocarbonyl) sulfanylpentanoic acid (ECT), 0.04 mmol 4,4'-Azobis(4-cyanovaleric acid) (ACVA) 

2.2. Freeze the solution in liquid nitrogen under vacuum for 15 to 20 minutes to remove the reactive species [2.2.1 – CU].  After gradually thawing the solution at room temperature, repeat this freeze-pump-thaw degassing cycle three times [2.2.2 – MED – TXT]. 

2.2.1. Solution as talent sets it up to freeze in liquid nitrogen under vacuum.

2.2.2. Talent leaves the frozen solution on the bench to thaw.  TEXT Overlay (as narrated): repeat freeze-pump-thaw degassing cycle 3x
2.3. Obtain the polystyrene as a macro RAFT agent by polymerization at 70 degrees Celsius for 15 hours in an oil bath [2.3.1 – MED-over the shoulder].  

Note to Authors: please indicate to the narrators if “RAFT” should be pronounced as “raft” or as letters.

2.3.1. Talent places the sample into a 70 degrees Celsius oil bath

2.4. Precipitate the polystyrene macro RAFT agent with 800 milliliters of ether and dry in vacuo [2.4.1 – CU].
2.4.1. Sample as talent adds 800 mL of ether to precipitate the polystyrene.  Use labeled container.

2.5. Next, dissolve IPAAm (pronounced as “I-paem”) monomer, polystyrene macro RAFT agent, and ACVA in 4 milliliters of 1,4-dioxane [2.5.1 – MED].
2.5.1. Talent dissolves IPAAm monomer, polystyrene macro RAFT agent, and ACVA in 4 mL of 1,4-dioxane.  TEXT Overlay: 4.32 mmol N-Isopropylacrylamide (IPAAm), 0.022 mmol PSt macro RAFT agent, 0.004 mmol ACVA

2.6. Remove the oxygen in the solution using freeze-pump-thaw degassing cycles as before [2.6.1 – MED-over the shoulder].
2.6.1. Solution as talent sets it up to freeze in liquid nitrogen under vacuum.
2.7. Perform a polymerization at 70 degrees Celsius for 15 hours in an oil bath after degassing [2.7.1 – CU].
2.7.1. Sample as it polymerizes in a 70 degree Celsius oil bath.  
2.8. Finally, obtain the synthesized St-IPAAm molecule in the same manner as the polystyrene macro RAFT agent [2.8.1 – MED – TXT].
2.8.1. Talent dries the St-IPAAm in vacuo.  TEXT Overlay:  Polystyrene-block-poly(IPAAm)
3. Preparation of Silanized Hydrophobic Modified-Glass Substrates
3.1. Wash glass substrates with an excess of acetone and ethanol and sonicate for 5 minutes to remove surface contaminants [3.1.1 – MED – TXT].
3.1.1. Talent washes the glass substrates with an excess of acetone and ethanol.  TEXT Overlay: 24 mm x 50 mm

3.2. Dry the substrates in an oven at 65 degrees Celsius for 30 minutes [3.2.1 – MED-over the shoulder].  Then use oxygen plasma to activate the surfaces of the substrates at room temperature [3.2.2 – CU – TXT].
3.2.1. Talent places the substrates in an oven.

3.2.2. Substrates as talent exposes them to oxygen plasma.  TEXT Overlay: 400 W, 3 min

3.3. Immerse the substrates in toluene containing 1% hexyltrimethoxysilane (pronounced “hek-sil trahy muh-thok-see sil-eyn”) overnight at room temperature to silanize the substrate [3.3.1 – MED-over the shoulder].
3.3.1. Talent immerses the substrates in toluene containing 1% hexyltrimethoxysilane.  Use a labeled container.
3.4. Then, wash the silanized substrates in toluene and immerse in acetone for 30 minutes to remove the unreacted agents [3.4.1 – CU].  Anneal substrates for 2 hours at 110 degrees Celsius to thoroughly immobilize the surface [3.4.2 – MED].
3.4.1. Substrates as talent finishes up washing them in toluene and immerses them in acetone.  Use labeled containers.

3.4.2. Talent anneals the substrates.
3.5. Finally, cut the silanized substrates by a glass cutter to 25 millimeters by 24 millimeters to fit the cell culture dishes [3.5.1 – TXT].
3.5.1. Silanized substrates as talent cuts with a glass cutter to 25 millimeters by 24 millimeters.  TEXT Overlay: dish size: φ35 mm
3.6. Preparation of Langmuir Films and Film-Transferred Surface
3.7. Place the Langmuir film instrument in a cabinet to prevent the accumulation of dust [4.1.1 – MED].  

3.7.1. Talent sets up the Langmuir film instrument in a cabinet.
3.8. Wash the Langmuir trough and barriers with distilled water and ethanol to remove the contaminants [4.2.1 – CU – TXT].
3.8.1. Langmuir trough and barriers as talent washes with distilled water and ethanol.  TEXT Overlay: size: 580 mm × 145 mm

3.9. Dry the trough and barriers by wiping with a lintless towel [4.3.1 – MED-over the shoulder].  Then fill the trough with approximately 110 milliliters of distilled water, and set the barriers on both sides of the trough [4.3.2 – CU].
3.9.1. Talent dries the trough and barriers by wiping with a lintless towel.

3.9.2. Trough as talent fills with 110 mL of distilled water and sets the barriers on both sides of the trough.   

3.10. Next, heat a platinum Wilhelmy plate, for monitoring the surface tension, with a gas burner until the plate turns red [4.4.1 – MED – TXT].  Then, wash the plate with distilled water to remove the contaminants [4.4.2 – MED-over the shoulder].  
3.10.1. Talent places the platinum Wilhelmy plate on a gas burner.  TEXT Overlay:  perimeter: 39.24 mm
3.10.2. Red plate as talent washes with distilled water.
3.11. Suspend the Wilhelmy plate on a wire attached to the surface-pressure-measurement instrument [4.5.1 – CU].
3.11.1. Plate as talent suspends the plate on a wire attached to the surface-pressure-measurement instrument.
3.12. Zero the surface-pressure-measurement instrument according to the manufacturer’s protocol [4.6.1 – MED-over the shoulder – TXT].  Compress the air-water interface on the trough by the barriers on both sides of the trough until the interface reaches approximately 50 square centimeters without any drops of polymer [4.6.2 – CU].
3.12.1. Talent works to zero the surface-pressure-measurement instrument.  TEXT Overlay:  see manufacturer’s protocol

3.12.2. Trough as talent compresses the air-water interface by the barriers on both sides of the trough.  It is OK to show only a portion of this process.
3.13. Aspirate any small contaminants until the surface pressure is nearly 0 milliNewtons per meter [4.7.1 – MED-over the shoulder].  Reposition the barriers on both sides, and add distilled water to compensate for the decrease of distilled water [4.7.2 – CU].
3.13.1. Talent aspirates small contaminants until the surface pressure is 0 mN/m.

3.13.2. Trough as talent repositions the barriers on both sides and adds distilled water.
3.14. Next, dissolve 5 milligrams of the synthesized St-IPAAm molecule in 5 milliliters of a development solution of chloroform [4.8.1 – MED-over the shoulder].
3.14.1. Talent dissolves 5 milligrams of the synthesized St-IPAAm molecule in 5 milliliters of a development solution of chloroform.  Use labeled containers.
3.15. Then, gently drop 27 microliters of St-IPAAm dissolved in chloroform onto the trough using a microsyringe or micropipette [4.9.1 – CU].
3.15.1. Trough as talent gently drops 27 microliters of St-IPAAm dissolved in chloroform onto the trough using a microsyringe or micropipette.
3.16. After waiting for 5 minutes to allow complete evaporation of chloroform, move both barriers horizontally to compress the St-IPAAm molecule at the interface [4.10.1 – MED-over the shoulder].  Maintain compression rate of the barriers at 0.5 millimeters per second until the target area of 50 square centimeters is reached [4.10.2 – CU]. 
3.16.1. Talent moves both barriers horizontally to compress the St-IPAAm molecule at the interface.

3.16.2. Instrument display as talent sets the compression rate to 0.5 millimeters per second.

3.17. Measure the surface pressure pie-A isotherms with the platinum Wilhelmy plate attached to the surface-pressure-measurement instrument during compression according to the manufacturer’s protocol [4.11.1 – MED].
3.17.1. Talent works to measure the surface pressure (π)-Am isotherms.
3.18. After reaching the target area size, maintain the surface for 5 minutes to allow the St-IPAAm molecules to relax; the molecules do not reach equilibrium immediately after compression [4.12.1 – MED-over the shoulder].
3.18.1. Talent starts a timer to count down from 5 minutes and sets down next to the apparatus.
3.19. Then, transfer the Langmuir film to a hydrophobically modified glass substrate using a transfer apparatus for 5 minutes to robustly adsorb the film [4.13.1 – CU].  Fix the hydrophobic glass substrate in parallel on the device [4.13.2 – MED].  Connect the device to an alignment stage and move perpendicularly [4.13.3 – CU].
3.19.1. Langmuir film as talent transfers to a hydrophobically modified glass substrate using a transfer apparatus.

3.19.2. Talent fixes the hydrophobic glass substrate in parallel on the device.

3.19.3. Device as talent connects to an alignment stage and moves perpendicularly. 
3.20. Lift the substrate horizontally with the transfer apparatus and dry for 1 day in a desiccator [4.14.1 – MED – TXT].
3.20.1. Talent lifts the substrate horizontally with the transfer apparatus.  TEXT Overlay (as narrated):  dry for 1 day in desiccator
4. Culturing Cells and Optimizing Cell Adhesion and Detachment on the Langmuir Film Transferred Surface
4.1. To prepare cell suspensions, culture bovine carotid artery endothelial cells, or BAECs (pronounced as “baeks”) to one third confluence at 37 degrees Celsius in 5% CO2 and 95% air on tissue culture polystyrene with DMEM containing FBS and penicillin [5.1.1 – MED-over the shoulder – TXT].
4.1.1. Talent places the cells into the incubator.  TEXT Overlay: Dulbecco’s Modified Eagle Medium (DMEM), 10% fetal bovine serum (FBS), 100 U/mL penicillin 

4.2. After confluence is reached, treat BAECs with 3 milliliters of 0.25% trypsin-EDTA for 3 minutes at 37 degrees Celsius in 5% CO2 and 95% air [5.2.1 – MED].
4.2.1. Talent adds the trypsin-EDTA to the cells from a labeled container.
4.3. Deactivate the trypsin-EDTA by adding 10 milliliters of the DMEM containing 10% FBS, and collect the cell suspension in a 50 milliliter conical tube [5.3.1 – CU].
4.3.1. Cells as talent adds media and collects the cell suspension in a 50 mL conical tube.
4.4. After centrifuging at 120 × g for 5 minutes, aspirate the supernatant and re-suspend the cells in 10 milliliters of the DMEM [5.4.1 – MED-over the shoulder].
4.4.1. Talent aspirates the supernatant and re-suspends the cells in 10 mL of DMEM.  Use labeled containers.
4.5. Seed the recovered cells on the St-IPAAm surfaces at a concentration of ten thousand cells per square centimeter counted by a disposable hemocytometer [5.5.1 – CU].  Observe the cells on the surfaces by a microscope equipped with an incubator at 37 degrees Celsius with 5% CO2 and 95% air [5.5.2 – MED].
4.5.1. St-IPAAm surface as talent seeds the recovered cells.

4.5.2. Talent, at the microscope, observes the cells.
4.6. Next, sterilize the St-IPAAm surfaces by an ultraviolet light equipped to a clean bench [5.6.1 – CU].
4.6.1. St-IPAAm surfaces as talent sterilizes them by ultraviolet light.
4.7. Record time-lapse images of adherent BAECs for approximately 24.5 hours at 37 degrees Celsius by a phase-contrast microscope with 10X magnification [5.7.1 – LM – TXT].
4.7.1. Renamed_95a80.mp4.  TEXT Overlay: × 960 speed.  Editors, please show 0.07-0.12 as this point is narrated.  To cover narration, start/end with a still of the movie. 
4.8. After BAEC adhesion, record detachment of the BAECs from the St-IPAAm surface at 20 degrees Celsius for approximately 3.5 hours [5.8.1 – LM – TXT]. 
4.8.1. Renamed_95a80.mp4.  TEXT Overlay: × 960 speed.  Editors, please show 1:46-2:00 as this point is narrated.  
4.9. Following optimization of cell adhesion and detachment on the Langmuir film transferred surface, fabricate the cell sheets by first culturing BAECs as before [5.9.1 – MED].
4.9.1. Talent works to culture the cells in a cell culture hood.
4.10. Seed a total of one hundred thousand cells per square centimeter on St-IPAAm surfaces and incubate for 3 days at 37 degrees Celsius in 5% CO2 [5.10.1 – MED-over the shoulder].  Confluent BAECs spontaneously detached at 20 degrees Celsius [5.10.2 – CU].
4.10.1. Talent seeds the cells on St-IPAAm surfaces.
4.10.2. St-IPAAm surfaces as they are places at 20 degrees Celsius.
5. Results: Fabrication of Langmuir Film-Transferred Surface and Evaluation of Cell Adhesion, Detachment, and Cell Sheet Recovery 
5.1. Preparation of a temperature responsive Langmuir film-transferred surface is shown here [6.1.1 – LM].  The synthesized St-IPAAm chloroform solution was gently dropped onto an air-water interface [6.1.2 – LM]. 

5.1.1. figure1_msakuma – Authors, please submit a version of this figure without the (A), (B), and (C) labels.
5.1.2. figure1A_msakuma – Authors, please submit as a separate figure without the (A) label.
5.2. Two barriers were used to compress the St-IPAAm molecules on the interface until a target area of 50 square centimeters was reached.  The surface pressure was measured during compression to detect any defects in the Langmuir film [6.2.1 – LM]. 

5.2.1. figure1B_msakuma.pdf – Authors, please submit as a separate figure without the (B) label.
5.3. After compression, a hydrophobically modified cover glass substrate was horizontally placed on the interface with an alignment stage.  The substrate was lifted horizontally and dried for 1 day.  After this step, St-IPAAm surfaces were ready for use in cell culture experiments [6.3.1 – LM]. 

5.3.1. figure1C_msakuma – Authors, please submit as a separate figure without the (C) label.
5.4. Representative results of atomic force microscopy topographic images of St-IPAAm surfaces are shown here.  Nanostructures were observed on both of the St-IPAAm surfaces.  The size and shape of the nanostructures were strongly dependent on Am and the composition of St-IPAAm [6.4.1 – LM]. 
5.4.1. Figure2_msakuma 
5.5. Here, a macroscopic image of a recovered cell sheet on a Langmuir film-transferred surface with St-IPAAm480 and an Am of 40 square nanometers per molecule is shown [6.5.1 – LM].  
5.5.1. JOVE_150723_figure3
5.6. Cells reached confluence after three days in culture on St-IPAAm170 and St-IPAAm480 surfaces at 37 degrees Celsius, and the cell sheet was rapidly recovered after reducing the temperature from 37 to 20 degrees Celsius [6.6.1 – LM].
5.6.1. JOVE_150723_figure3.  Editors, please zoom into the microscope inset (or remove it from the last point and have it appear as this is narrated if possible) 
6. Conclusion (said by authors on camera)
6.1. Morito Sakuma: After watching this video, you should have a good understanding of how to design molecular composition of polymer, fabricate and transfer a Langmuir film, control cell adhesion and detachment, and recover cell sheets [7.1.1 – MED].
6.1.1. Morito speaks toward camera, interview style.
6.2. Masamichi Nakayama: After its development, this technique paved the way for researchers in the field of biomaterials and tissue engineering to explore interaction between cells and surfaces, and cell culture strategies for use in regenerative medicine [7.2.1 – MED]. 
6.2.1. Masamichi speaks toward camera, interview style
6.3. Morito Sakuma: The implications of this technique extend toward therapy of cell transplantation, because this technique has potential to fabricate cell sheets of various cell types provided from patients [7.3.1 – MED]. 
6.3.1. Morito speaks toward 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.

Renamed_95a80.mp4 – (the movie of adherent BAECs on St-IPAAm480 surface with 40 nm2/molecule)
figure1_msakuma – Authors, please submit a version of this figure without the (A), (B), and (C) labels.
figure1A_msakuma – Authors, please submit as a separate figure without the (A) label.
figure1B_msakuma.pdf – Authors, please submit as a separate figure without the (B) label.
figure1C_msakuma – Authors, please submit as a separate figure without the (C) label.
Figure2_msakuma 

JOVE_150723_figure3

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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