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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.) _2.1, 2.2, 3.2, 3.3, 3.4, and 4.3__________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.) _2.2 and 3.3__________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this procedure is to visualize immune cells in a three-dimensional matrix using light-sheet microscopy. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Bin Qu: This method can help answer key questions in the immunology field, such as how exactly immune cells behave in a physiologically relevant context, like how to search target cells efficiently in a three-dimensional environment. 

1.2. Bin Qu: The main advantage of this technique is that a very thin light sheet is generated to illuminate the focal plane without affecting off-plane cells. This enables a high acquisition speed with a pronounced reduction in bleaching and photocytotoxicity.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Bin Qu: Demonstrating the procedure will be Dr. Renping Zhao, a post-doc from my laboratory. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named post doc looks up from workbench or desk or microscope and acknowledges the camera.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Research carried out for this study with the human material (leukocyte reduction system chambers from human blood donors) is authorized by the local ethics committee (declaration from 16.4.2015 (84/15; Prof. Dr. Rettig-Stürmer)) and follows the corresponding guidelines.   
Protocol: (read by voice talent at JoVE)
2. Preparation of Neutralized Collagen

2.1. To begin, under a cell culture hood [1-WIDE], transfer 400 µL of chilled collagen stock solution to a sterile 1.5 mL tube [2-MED/CU-TXT]. Slowly add 50 µL of chilled 10x PBS. Then mix the solution by gently tilting the tube [3-CU-TXT].
2.1.1. Talent working under cell culture hood draws up chilled collagen stock

2.1.2. Talent transfers collagen to sterile 1.5 mL tube (TEXT: 10.4 mg/mL)
2.1.3. Talent slowly adds 10x PBS and gently tilts tube to mix (TEXT: pH 7.0 – 7.3)
2.2. Add 48 µL of 0.1 M NaOH to the collagen solution to adjust the pH to 7.2 - 7.6 [1-CU-TXT]. Use pH test strips to determine the pH value of the mixture [2-CU].
2.2.1. Talent adds NaOH to collagen solution (TEXT: Volumes may vary for different lots of collagen)
2.2.2. Talent dips put one drop of solution on the pH test strip into mixture to measure pH
2.3. Bin Qu, Step 2.2: The pH value is essential for the well-being of the cells and the productivity of mechanical properties of solidified collagen [1-INTERVIEW].
2.3.1. Talent recites the above statement looking off camera

2.4. Add 2 µL of sterile ddH2O to bring the final volume to 500 µL [1-CU-TXT]. Mix well and store the collagen solution on ice or at 4 °C until further use [2-MED/CU-TXT].
2.4.1. Talent adds water to bring volume to 500 (L (TEXT: Volume may vary depending on volume of NaOH added)
2.4.2. Talent places mixes the solution and places it on ice (TEXT: 8.32 mg/mL, Refer to text protocol for additional details)
3. Sample Preparation for Light-sheet Fluorescence Microscopy Using Capillaries

3.1. After fluorescently labeling live cells according to the text protocol, under the cell culture hood, transfer 1 × 106 cells into a sterile 1.5 mL tube [1-MED/CU]. Centrifuge the tube at 200 x g for 8 min [2-MED]. Then discard the supernatant [3-CU] and use 200 µL of culture medium to resuspend the pellet [4-CU].
3.1.1. Talent transfers cells to microfuge tube
3.1.2. Talent places tubes into centrifuge and sets speed and time and starts spin
3.1.3. Talent discards supernatant and adds culture medium to resuspend cells
3.1.4. [Added Shot]: Talent adds culture medium to resuspend cells 
3.2. Add 85.9 µL of the neutralized collagen solution to the cell suspension and mix properly to reach a collagen concentration of 2.5 mg/mL [1-CU].  Leave the cell/collagen mix on ice in the hood [2-MED/CU-TXT].
3.2.1. Talent adds collagen solution to cell suspension and pipettes slowly.
3.2.2. Talent places tube on ice under hood (TEXT: Refer to text protocol for additional details)
3.3. Next, insert a plunger into the matching capillary until the plunger is sticking 1 mm out of the capillary [1-CU-TXT]. Then wet the plunger by dipping into culture medium [2-CU].
3.3.1. Talent inserts plunger into matching capillary until the top is sticking out 1 mm (TEXT: Inner diameter ~1 mm)
3.3.2. Talent adds dips the plunger into culture medium to wet the plunger
3.4. Bin Qu, Step 3.3 Skipping this step can result in undesirable introduction of air bubbles between the plunger and collagen matrix [1-INTERVIEW].
3.4.1. Talent recites the above statement looking off camera
3.5. Dip the capillary into the cell/collagen mixture and slowly pull the plunger back 10 – 20 mm [1-CU]. Then with a spray bottle of 70% ethanol, moisten a paper towel [2-CU] and use it to wipe the outer wall of the capillary to remove the remaining collagen solution [2-CU] [3-CU].
3.5.1. Talent dips capillary into cell/collagen mixture and pulls plunger back
3.5.2. Talent sprays paper towel with ethanol and uses it to wipe outer wall of capillary 
3.5.3. [Added Shot]: Talent uses the paper towel to wipe outer wall of capillary 
3.6. Now, use modeling clay to mount the capillary to the inner wall of a 5 mL tube [1-CU]. Push the cell/collagen mix to the edge of the capillary [2-CU]. Then incubate tube with the capillary at 37 (C and 5% CO2 for 1 h to polymerize the collagen [2-WIDE] [3.6.3].
3.6.1. Talent stick modeling clay onto inner wall of tube then mounts the capillary and mount it onto the inner wall of the tube.
3.6.2. [Added shot]: Talent pushes the mix to the edge of the capillary
3.6.3. Talent places the tube with the capillary into incubator
3.7. Following the incubation, add 1 – 2 mL of culture medium to the tube [1-CU]. Then carefully expel the polymerized collagen rod out into the medium until approximately 1/2 of the collagen is hanging in the medium [2-CU/ECU].  Incubate the capillary for another 30 min [3-WIDE].
3.7.1. Talent adds culture medium to tube
3.7.2. Talent expels collagen rod until ½ of it is hanging in the medium
3.7.3. Talent places capillary into incubator
4. Image Acquisition using Light-sheet Microscopy
4.1. To carry out light-sheet microscopy, assemble the sample chamber according to the manufacturer’s instructions [1-CU].
4.1.1. Talent assembles sample chamber
4.2. After turning on the microscope and incubator if doing live imaging [1-MED], place the capillary in the sample chamber [4.2.2], locate the sample and find the area of interest for image acquisition [2-SCREEN] [3-SCREEN].
4.2.1. Talent finishes turning on microscope and places sample on microscope stage
4.2.2. [Added Shot]: Places sample chamber on microscope stage and inserts the capillary
4.2.3. SCREEN:  Authors to provide Sample with area of interest come into focus  

4.3. Activate the corresponding lasers. Then set the laser power and exposure time.  Also set the step-size of the z-stack, the start and end positions of the z-stack, and the time interval for live cell imaging.  Then start the image acquisition [1-SCREEN-TXT].
4.3.1. SCREEN: Authors to provide Talent activates lasers then sets laser power, exposure time, step size and start and end of z-stack, and time interval.  Then talent starts image acquisition (TEXT: Refer to text protocol for additional details) 
5. Fixation and Immunofluorescence Staining of Cells in Collagen Matrices

5.1. Transfer 1 mL of 4% PFA in PBS into a 5 mL tube under a chemical hood [1-CU].  Then dip the capillary with the polymerized collagen into the PFA solution and use modeling clay to mount the capillary on the inner wall of the tube [2-CU-TXT].

5.1.1. Talent adds PFA to tube 
5.1.2. Talent dips capillary in PFA then mounts on inside of tube with modeling clay (TEXT: ~ 5 mm in)
5.2. Gently press the plunger until half of the collagen rod is hanging in the PFA solution. [1-CU-TXT]. Then pull back the plunger to take the collagen rod back up into the capillary [2-CU].  Remove the capillary from the tube and discard the PFA [3-CU]. 
5.2.1. Talent gently presses plunger and the collagen rod is seen coming out of capillary into PFA TEXT: 20 min at room temperature
5.2.2. Talent pulls up on plunger and collagen rod re-enters capillary
5.2.3. Talent removes capillary and discards PFA
5.3. Mount the capillary into a fresh tube and add 1 mL of PBS. Ensure that the capillary is immersed in the PBS [1-CU].
5.3.1. Talent mounts the capillary, adds PBS to tube and capillary becomes immersed
5.4. Gently press the plunger until half of the collagen rod is hanging in the solution and incubate for 5 min [1-CU-TXT]. [2-CU]
5.4.1. Talent presses plunger and collagen rod hangs in solution TEXT: 5 min
5.4.2. Talent mounts capillary on inner wall of tube

5.5. Pull back the plunger to take up the collagen rod in the capillary. Then replace the PBS with fresh PBS and expel the collagen rod into the solution. [1-CU]. 
5.5.1. Talent pulls back on plunger to take up collagen rod then replaces PBS with fresh PBS and expels the collagen rod into the solution TEXT: Repeat wash 2x
5.6. Following the third wash, add 1 – 2 mL of blocking/permeabilization buffer into the tube [1-CU-TXT], expel the collagen rod into the solution, and incubate the tube at RT for 30 - 60 min [2-CU].
5.6.1. Talent adds blocking buffer to tube (TEXT: PBS + 1 % BSA + 0.1 % non-ionic surfactant)
5.6.2. Talent expels collagen rod into the solution 
5.7. Replace the blocking/permeabilization buffer with 200 – 500 (L of primary antibodies in blocking/permeabilization buffer and incubate the submerged collagen rod in the solution for 1 h [1-CU-TXT].

5.7.1. Talent finishes pulling up the collagen rod, removes blocking/permeabilization buffer, adds antibody solution and expels the rod into the solution (TEXT: PBS + 1% BSA + 0.1% non-ionic surfactant)
5.8. After using PBST to wash the collagen rod three times, incubate the rod in secondary antibodies in blocking buffer/permeabilization at RT for 1 h [1-CU].
5.8.1. Talent adds secondary antibody solution then expels rod into solution
5.8.2.  [Added shot]: Talent keeps the tube in dark (Editor: I’m not sure where exactly the authors want this shot since it’s not mentioned in the VO. I’d suggest maybe including it at the end of this VO)
5.9. Following three more washes in PBS, pull the collagen rod back into the capillary and keep the sample in PBS until imaging [1-CU].

5.9.1. Talent pulls washed rod back into capillary and transfers to PBS then covers with foil keeps it in dark
6. Results: Visualization of Human CTL Cells by Light-sheet Microscopy
6.1. As seen in this movie, during migration, CTL cells transfected with an eGFP-actin fusion protein formed lemon-shaped major protrusions, fringed by fine spindle-like structures [1-LM].
6.1.1. LAB MEDIA Movie_1.avi
6.2. The trajectories of CTLs are illustrated here with velocity and persistence, or the displacement divided by the total track length, as the measured parameters.  The velocities range from 0.01-0.19 μm/s with an almost 20-fold difference, and the persistence ranges from 0-0.7 [1-LM].
6.2.1. LAB MEDIA 2B and C, Editor, begin with panel B then add in the two graphs in C when each is mentioned.  Use a bracket for each graph to outline the range of values mentioned for each.
6.3. This figure shows fixed CTL cells in 3D collagen gel, stained for endogenous perforin1 and actin. The sample was illuminated from a single side or from both sides.  From different z positions, the cells are evenly stained, indicating good penetration of antibodies into the collagen gels.   Fixed CTL exhibited the same morphology as live cells, indicating that the morphology is well maintained with this protocol [1-LM].
6.3.1. LAB MEDIA Figure 3 compared to 2B, Editor, begin with Figure 3 top panels.  When peforin1 and actin are mentioned, add in the orange and purple text at the top left of each panel.  For the second sentence, add in the Single side and then Dual side text at the top of the panels when each is mentioned.  For the third sentence, add in the yellow boxes and brackets and then add in the bottom panels.
7. Conclusion (said by authors on camera)

7.1. Bin Qu: While attempting this procedure, it’s important to remember to avoid air bubbles and adjust the pH value properly.
7.2. Bin Qu: Following this procedure, other methods like live cell staining with particular surface molecules can be performed in order to answer additional questions like correlating cell behavior with differentiation or with different cell subtypes, to investigate cell-cell interaction and cell fate.

7.3. Bin Qu: After its development, this technique paved the way for researchers in the field of Cell Biology, Immunology and Cancer Research to explore cell behavior, cell fate, differentiation, and cell-cell interaction in the most physiologically relevant system in vitro.
7.4. Bin Qu: After watching this video, you should have a good understanding of how to prepare samples with cells embedded in a three-dimensional collagen matrix, how to visualize the samples using light-sheet microscopy, either live or fixed, and how to track cell migration in 3D. 
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.
4.2.3- 2018-04-17 16-17-45.mp4 (Please take the below mentioned clips)
28’’-40’’: position the capillary
45’’-47’’: position the capillary
59’’-1’05’’: push out the collagen rod
1’29’’-1’34’’: bring the area of interest into focus
4.3.1- 2018-04-17 16-17-45.mp4 (Please take the below mentioned clips)

1’58’’-2’21’’: activate the laser


2’34’’-2’45’’: set laser power and exposure time

2’52’’-3’29’’: set step size and start/end of z-stack

3’29’’-4’12’’: set time interval and start image acquisition

6.1.1- Movie_1.avi

6.2.1- New Fig. 2.tif

6.3.1- New Fig.3.tif

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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