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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) ____Y_____ If yes, please list make and model of your microscope: __________Olympus IX____________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps:

1 – Chamber assembly

2 – Seeding cells/ Starting flow

3 – Preparing cantilevers

4 – Removing cells from flow chamber and transferring them to the microscope

5 – AFM calibration/ indentation

6 – Data collection

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Seeding cells in the chamber and starting flow without allowing air bubbles to enter the system and occlude flow.  We are careful in the setup of the chamber to ensure that there are no bubbles in the system when we first flow in medium, and we flush the system to ensure that bubbles have been removed from the chamber before cells are added.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Conceptual Narrative:
The overall goal of the following experiment is to measure the mechanical properties of the endothelial glycocalyx using an atomic force microscope, or AFM. (Intro)
This is achieved by first culturing a monolayer of endothelial cells under a physiological flow in a bioreactor in order to build up the glycocalyx layer. (P1: Ideally the cells would first sit down onto the blue layer.  Then, the flow would begin (*this could be shown by sweaping the pink layer from left to right, then showing the arrow and 1 Pa label.). Next, the green (glycocalyx) layer would grow out from the cells.)
As a second step, micron-sized beads are attached to AFM cantilevers and used as a probe to measure the resistive force of the cell body and the glycocalyx during indentation. (P2: Start with a blank background. Then, attach the larger round bead to the stick.  Once attached, bring the cell in with its green glycocalyx layer and position it under the large sphere.  Then drop the ball onto the cell using the lever (black line) and indent the cell a couple of times.  
Next, the indentation curves are fit with a two-layer model in order to determine the glycocalyx modulus and thickness. (P3: The action from P2 of the ball indenting the cell could be shown here as well as the graph.  As the line on the graph is extended from left to right, the ball could lower. At various stages, the ball will contact different parts, first the Contact point is when the ball would first touch the top of the green layer(1) *add label “Contact Point”, then the point where the green area turns to blue is when the ball will have deformed the green layer and will be in contact with the cell body(2) *add label “Glycocalyx Layer”. The ball continues to deform the cell until the graph ends, but only about half way through the cell by the end(3) *add label “Cell Body”. The color and labels shown in the final graph should be shown at the correct steps.) *These steps are described below:

[image: image1.png]File

Pagelayout  References  Mailngs  Review  View  EndNoteXd

| ] 1A A A = 20T 4aBhCel 4aBbCL  AaBh  AaBbi|AaBbCel| AaBbCc AaBb( AsBbCCI AaBbCel AaBbCei AaBbCel AaBbCcl AaBbCei ASBECC AABBCC %

B et B4 U7 e x . Ei- || TCopton  Emphosts THesdngl THesdng? | Thomal |THoSpac. | TWe Sl Subliefm. Inensef. Stong  Quote IntemseQ. SubtieRe. IenseR.. | CPange
Font 5 Paragraph 5 styes

[l T 0 T 0 7 0 3 s 0 s e 0 T

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JOVE):

Conceptual Narratiy
The overall goal of the following experiment is to measure the mechanical propertes of the endothelial
glycocalyx using an atomic force microscope, or AFM. (Intro)

This is achieved by first culturinga monolayer of endothelial cells under a physiological flowin a
bioreactorin orderto build up the glycocalyx layer. (P1: Ideally the cells would first sit down onto
the blue layer. Then, the flow would begin (‘this could be shown by sweaping the pink layer
from left to right, then showing the arrow and 1 Pa label.). Next, the green (glycocalyx) layer
would grow outfrom the cells.)

As a second step, micron-sized beads are attached to AFM cantilevers and used as a probe to
measure the resistive force of the cell body and the glycocalyx during indentation. (P2: Start with a
blank background. Then, attach the larger round bead to the stick. Once attached, bring the cell
in with its green glycocalyx layer and position it under the large sphere. Then drop the ball onto
the cell using the lever (black line) and indent the cell a couple of times.

Next. the indentation curves are fit ith a two-layer model in orderto determine the glycocalyx modulus
and thickness. (P3: The action from P2 of the ball indenting the cell could be shown here as well
as the graph. As the line on the graph is extended from left to right, the ball could lower. At
various stages, the ball will contact different parts, frst the Contact pointis when the ball would
first touch the top of the green layer, then the point where the green area tums to blue is when
the ball will have deformed the green layer and will be in contact with the cell body. The ball
continues to deform the cell until the graph ends, but only about half way through the cell by
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Results are obtained that show that the endothelial glycocalyx has a modulus of 0.7 kPaand a
thickness of 380 nm based on the two-layer analysis. (P4:)
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B. Interview: (Said by you on camera. Don't forget to smile)
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11, Waugh: There has been debate in recent years about the role of the endothelial glycocalyx
E undesirable adhesion of circulafing cellsto the endothelium. A key to resolving this question
is the ability to measure the physical properties of the glycocaly, s thickness and stiffress,
in normal conditions and during inflammation.
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nk background. Then, attach the larger round bead to the stick. Once attached, bring the cell
ith its green glycocalyx layer and position it underthe large sphere. Then drop the ball onto
the cell using the lever (black line) and indentthe cell a couple of tmes.

Next, the indentation curves are fit with a two-layer modelin orderto determine the glycocalyx modulus
andthickness. (P3: The action from P2 of the ball indenting the cell could be shown here as well
as the graph. As the line on the graph is extended from left to right, the ball could lower. At
various stages, the ball will contact different parts, frst the Contact pointis when the ball would
first touch the top of the green layer, then the point where the green area tums to blue is when
the ball will have deformed the green layer and will be in contact with the cell body. The ball
continues to deform the cell until the graph ends, but only about half way through the cell by
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B. Interview: (Said by you on camera. Don’t forget to smile)

12

Waugh: There has been debate in recent years about the role of the endothelial glycocalyx
in inflammation, and whether or not it acts as a protective physical barrer to prevent
undesirable adhesion of circulating cellsto the endothelium. A key to resolvingthis question
isthe ability to measure the physical properties ofthe glycocaly, it thickness and stiffess,
in normal conditions and during inflammation

Marsh: The big challenge in characterizing the physical properties of the glycocalyx is that it
is extremely soft The trick we came up with was 10 use a large surface area of contact to
generate enough reaction force to be detectable with an AFM.
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Results are obtained that show that the endothelial glycocalyx has a modulus of 0.7 kPa and a thickness of 380 nm based on the two-layer analysis. (P4: Display the graph of the Young’s Modulus on the left and the Thickness on the right.  When the averages are mentioned of 0.7 kPa and 380 nm Put them under the graphs as text: Average = 0.7 kPa for the left and Average = 380 nm for the right)
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Move
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Waugh: There has been debate in recent years about the role of the endothelial glycocalyx in inflammation, and whether or not it acts as a protective physical barrier to prevent undesirable adhesion of circulating cells to the endothelium.  A key to resolving this question is the ability to measure the physical properties of the glycocalyx, its thickness and stiffness, in normal conditions and during inflammation.   
1.2. Marsh: The big challenge in characterizing the physical properties of the glycocalyx is that it is extremely soft.  The trick we came up with was to use a large surface area of contact to generate enough reaction force to be detectable with an AFM. 
Protocol (read by voice talent at JoVE):
2. Flow Chamber Setup and Cell Seeding
2.1. To begin this procedure, construct a flow chamber, like the one shown here, capable of growing cells under a shear stress of 1.0 Pa. 

2.1.1. Use 2.7.1: Talent walks over to the incubator and opens the door, showing the flow chamber setup. 

2.1.2. Use 2.12.3: Show the entire flow chamber set up in the incubator.  

2.2. Prepare the flow chamber for the experiment by first cleaning the glass slides in piranha solution for 15 minutes, rinsing them 3 times with distilled water, and drying them at 70 °C for 30 minutes.

2.2.1. MED: Talent takes the glass slides that will be used and places them gently into the piranha solution.

2.2.2. MED: Talent removes the slides and places them into water

2.2.3. MED: Talent places the slides into the oven and closes the door. (TEXT: 70 °C, 30 min.)

2.3. Next, coat the slides with aminopropyl triethoxy silane, or APTES, by vapor deposition.  Add 1 mL of APTES to a flask and place it into the vacuum chamber with the sample.  Then close the chamber and pull a vacuum of 0.7 bar for 1 hour. During this time refresh the vacuum 3 times. 

2.3.1. MED: Talent removes the lid of the vacuum chamber.

2.3.2. MED: Talent adds APTES to the flask, places both the flask and sample into the chamber, and puts on the lid.

2.3.3. CU: Talent turns on the vacuum to the chamber. (*If there is a visible pressure meter, show the reading on the meter drop as the vacuum is pulled, otherwise just show the talent applying the vacuum.)

2.4. Next, cut a new flow chamber gasket from a 0.4 mm thick sheet of silicone using a Silhouette SD cutting tool. The channel measures 6.4 mm wide by 19 mm long and the outer diameter is cut to 35 mm in order for it to fit into the asylum culture dish.

2.4.1. MED: Talent shows the silicone sheet and sets it onto the input tray for the silhouette SD cutter.

2.4.2. MED Over the Shoulder: Talent inputs the specs into the computer and begins the cutting process.

2.5. CU: Show the machine ejecting the silicone sheet and the talent peeling off the cut gasket.

2.6. Using these dimensions, calculate the flow rate necessary to generate a shear stress of 1 Pa with the equation shown here. Q represents the flow rate, τ is the shear stress, μ is the viscosity of the medium, h is the channel height, and w is the width of the flow chamber. 

2.6.1. CU: Show the finished gasket. (Video Editor: Blur out the image of the gasket with the word “calculate” and show the equation [image: image5.emf]
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 then add the text as it is spoken as you highlight the corresponding variable in the equation. (TEXT: Q = Flow Rate, τ = shear stress, μ = viscosity, h = channel height, w = width)

2.7. The next step is to align the top piece of the flow chamber with the gasket in the cell culture dish and secure it with a magnetic ring
. Connect the flow ports in the cell culture dish to three-way valves with lines to the 30 ml syringes. Then, sterilize the entire assembly by flushing with isopropyl alcohol for 5 minutes, then remove the alcohol and allow it to air-dry in the tissue culture hood
.
2.7.1. CU: Talent assembles the flow chamber. (2.7.3) CU: Talent connects the flow ports to the 3-way valves and the 3-way valves to the syringes.  (2.7.4) Talent prepares the catch reservoir

2.7.2. MED: Talent removes the alcohol and leaves it in the hood to dry.

2.8. Incorporated into 2.9

2.9. Pre-warm 4% Fetal Calf Serum in McCoy’s medium to 37º C. After being left to dry for five to ten minutes, flush out whatever alcohol remains with 30 ml of the pre-warmed Fetal Calf Serum.
2.8.0
Added shot: Remove tubes from pre-warming bath
2.9.1. MED: Talent flushes the system.

2.10. Then, fill the syringes with 20 ml of VecTech MCDB-131 growth medium. Prepare caps for the syringes by attaching sterile 0.2 μm filters to all air inlets. Also, prepare the catch reservoir syringe cap with a needle that reaches into the fluid to move medium back to the feed reservoir. Then place the covers onto the tops of the syringes.
2.10.1. CU: Talent fills the syringes with medium and replaces the covers and attaches the filters

2.7.    Next, assemble the flow system.  Start by [Moved to 2.9.]
2.7.1 MED: Talent opens the incubator door and shows the flow system. *Once the talent 
opens the door, have him stand aside and move the camera to show the flow system. [NOTE this shot is moved to 2.1.1]
2.7.2 CU: Talent attaches the filters. {Comment: scene not shot}
2.7.3 CU: Talent connects the flow ports to the 3-way valves and the 3-way valves to the syringes. {Comment: Filmed in 2.6.1}
2.7.4 MED: Talent prepares the catch reservoir {Comment: Filmed in 2.6.1}.
2.11. Next, harvest human umbilical vein endothelial cells grown to confluence in a T-25 Flask. 

2.11.1. MED: Talent draws up trypsinized cells and puts them into a centrifuge tube.

2.12. Resuspend the pelleted cells at 100,000 cells per ml in medium and draw the solution up into a syringe.  Then, inject the suspension into the flow chamber through the three-way valve. Allow the cells to settle and adhere to the glass substrate for 2 hours before beginning flow. 

2.12.1. MED: Talent resuspends pellet with culture medium and draws the suspension up into a syringe.

2.12.2. MED: Talent walks over to the flow chamber with the syringe in hand and injects the cells.

2.12.3. CU: Show a closeup of the syringe being removed from the 3-way valve and then stay put to show the flow chamber loaded with cell suspension.

2.13. Move the bioreactor and cells into an incubator where the cells are allowed to settle and adhere for two hours. Tubing connecting the reservoirs to a peristaltic pump passes though the back of the incubator.  Once the cells have adhered, set the peristaltic pump to the desired flow rate. Medium moves between the reservoirs creating a pressure head and a flow through the bioreactor that produces a wall shear stress of 1 Pa.  Allow the cells to incubate with continuous flow at 37 °C for 1 to 5 days until the chamber is confluent. 

2.13.1. MED: Talent connects the peristaltic pump to the flow system and turns it on.

2.13.2. CU: Show the pump moving the media into the syringe reservoir.

2.13.3. MED: Show a shot of the entire bioreactor while in operation.
3. AFM Cantilever Preparation and Cell Indentation
3.1. To begin cantilever preparation, clean a tipless AFM cantilever in nitric acid for 5 minutes followed by a rinse with distilled water.

3.1.1. MED: Talent opens box/container holding the AFM cantilever and grasps it with a forceps.

3.1.2. CU: Talent grasps the cantilever and places it into the nitric acid.

3.1.3. CU: Talent rinses the cantilever.

3.2. Once dry, functionalize the cantilever with APTES in a vapor deposition chamber as previously shown for the glass slides. 

3.2.1. MED: Talent places the cantilever into the vacuum chamber, puts on the lid, and draws a vacuum.

3.3. Then, prepare a solution of 5 mg/ml by weight NHS-sulfo-LC-biotin in Hank’s Buffered Salt Solution.  Submerge the cantilevers in the solution for 15 minutes.  This reaction conjugates the silane and N-Hydroxysuccinimide and presents biotin molecules on the surface of the cantilevers.

3.3.1. MED: Talent adds an appropriate amount of the NHS-biotin to a container of the buffer and mixes the solution.

3.3.2. CU: Talent submerges the cantilevers into the solution.

3.3.3. LABMEDIA: Biotin_Schematic.ai (Video Editor: Two options: 1. Show the image as presented in the figure with an arrow to the right to point out the direction of the reaction. –OR- 2. Create an animation of the reaction as shown below, with the cantilever taking place of the (P) molecule and the biotin end taking the place of the (R) molecule.  I would show a surface with the free amines (NH2) groups and then the NHS-biotin floating down onto the surface and attaching with the NHS product being released during the reaction.
[image: image6.jpg]o = h®. ]
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3.4. Next, make a solution of biotin free medium by combining 20 ml of VecTech cell culture medium containing 20 % serum with 200 μl of streptavadin coated beads and incubate for 12 hours while rotating. 

3.4.1. MED: Talent adds media to the conical tube, then adds the streptavidin beads and closes the lid.

3.4.2. MED: Talent places the tube into the tube rotator and turns it on.

3.5. Then, pull the streptavidin beads to the side of the tube with a magnet for 2 minutes and transfer the supernatant containing biotin free medium to a new tube.  Sterilize the media by passing it through a 0.22 μm filter and put it into a new tube.
3.5.1. CU: Talent places the tubes in the magnetic holder

3.5.2. MED: Talent draws off the media.

3.5.3. CU: Talent sterilizes the media and puts it into a new tube.

3.6. The next step is to remove the flow chamber from the cell culture dish and the wash the cells 3 times with 2 mL of 37°C biotin-free medium. Then, add 1 μg of 2.4 μm diameter streptavidin coated beads at a concentration of 10 μg/mL into the cell culture dish and gently mix it.
3.6.1. CU: Talent removes the flow chamber from the culture dish.

3.6.2. MED: Talent washes the flow chamber with biotin free medium. Talent draws up solution from stock and puts it into the cell culture dish and gently mixes it.
3.7. Then, add 1 μg of 2.4 μm diameter streptavidin coated beads at a concentration of 10 μg/mL into the cell culture dish.  

3.7.1
MED: Talent draws up solution from stock and puts it into the cell culture dish and gently mixes it. {Comment: filmed in 3.6.2}

3.8. Next, calibrate the AFM tip by attaching it to a streptavidin bead and pressing it into a plain glass surface.  In order to accomplish this, land the tip on the glass surface next to a bead, retract the tip, then position the apex of the cantilever over the bead, and press down for several seconds. 

3.8.1. MED: Talent works at AFM 

3.8.2. SCOPE: Show the process of attaching the bead to the cantilever {Comment: will send separately}
3.9. Finally, use the calibrated cantilever to indent the samples. The 2.4 μm beads offer a larger contact area with the cell surface so that the mechanical properties of the soft glycocalyx layer can be more easily detected. 

3.9.1. MED Over the Shoulder: Talent works controls of AFM to indent the sample

3.9.2. SCOPE: The bead makes contact with the cell surface. {Comment: will send separately}
3.10. To accomplish this, position the cantilever over a cell near the cell nucleus.  Use a soft approach of the tip onto the cell to set the cantilever height approximately 3 μm above the cell surface. 

3.10.1. SCOPE: Talent positions the cantilever over the cell nucleus {Comment: will send separately}
3.10.2. MED Over the Shoulder: Talent sets the height of the cantilever and starts experiment.

3.11. Then, indent the surface 20 times at a rate of 1 um/s to a maximum force of 7 nN.  Allow for 6 seconds of time to elapse between successive contacts. 

3.11.1. MED Over the Shoulder: Talent runs the experiment (*try to show the output as the data is collected)
4. Calculation of Glycocalyx Layer Thickness
4.1. Calculate the thickness of the glycocalyx layer using equations related to the Hertz theory. The force of indentation, F, is described by this equation where delta is the indentation depth, R is the sphere radius, and E* is the combined modulus of the materials under stress.

4.1.1. LABMEDIA: Equation - [image: image7.emf]F — %E*R1/263/2
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(*show the equations in this section (Section 4) on the left half of the screen.  Highlight the terms as they are mentioned by the voice talent.

4.1.2. LABMEDIA: Figure3a (*Show Figure3a on the right half of the screen. As they terms are mentioned highlight the corresponding terms in the figure.)

4.2. In order to separate the combined elastic modulus E* into cellular and glycocalyx components, treat the glycocalyx layer as a uniform thin soft film on the surface of the cell body and use the two layer model of Clifford and Seah (TEXT: Clifford and Seah, 2009).

4.2.1. LABMEDIA: Equation: [image: image8.emf]Pz"
14+ Pz"+ Qz

E* = Egc + (Ecen — Ece) (









(*Move the equation from the previous section to the top of the left hand side and highlight E* in it.  Then pull the E* term down and write this equation out.

4.2.2. LABMEDIA: Figure3a and Figure3b (*Start with Figure3a on the right half of the screen. When E* is mentioned, separate it into EGC and Ecell as in Figure 3b.  Highlight the green layer with the words “glycocalyx layer“)

4.3. In this equation, P, Q, and n are constants empirically determined from polymer fits. M is a constant from the polymer model and Z is related to the thickness of the thin film, or glycocalyx layer, by the equation shown here. 

4.3.1. LABMEDIA: Equation: [image: image9.emf]








(*with the previous 2 equations still on the screen, begin this part by highlighting the terms from 4.2.1 as they are mentioned in the text.  When Z is mentioned, highlight the z-term and pull a copy of it down to begin forming the next equation. Highlight the “t” term when thickness is spoken.)

4.3.2. LABMEDIA: Figure3c (*replace Figure3b with version 3c when the thickness is mentioned and highlight the new t-term. 
5. Results: AFM Measurement of Glycocalyx Layer Thickness 
5.1. The force measured by the AFM, measured in nano newtons, begins to increase after contact with the surface and is initially dominated by the glycocalyx layer component.  Once the glycocalyx layer is compressed, the cell body becomes the major component of deformation.

5.1.1. LABMEDIA: Figure 4 (*highlight contact point with the word “contact”, glycocalyx with the first mention of glycocalyx, and cell body when mentioned.)

5.2. The blue two-layer fit line was calculated by fitting 4 free parameters to get it to match the indentation data shown in red.  From the equation used, the cell modulus, glycocalyx layer modulus, and glycocalyx layer thickness can all be determined. 

5.2.1. LABMEDIA: Figure 4 *add text with voice mention. (TEXT: Cell Modulus: 15.9 kPa, Glycocalyx Modulus: 0.33 kPa, Glycocalyx Layer: 420 nm)

5.3. The properties from 25 cells were compiled into the histogram shown here.  The average glycocalyx layer modulus was determined to be 0.7 ± 0.5 kPa and the glycocalyx layer thickness was determined to be 380 ± 50 nm.

5.3.1. LABMEDIA: Figure 5 (*add the averages above the corresponding graphs when mentioned) 
INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
6. Conclusion (said by authors on camera)
6.1. Marsh: This approach gives us the tool we needed to answer fundamental questions about the role of the glycocalyx in regulating cell adhesion during inflammation. We are now able to address questions about how the properties of the glycocalyx are altered during inflammation and by what means those changes are accomplished.

6.2. Waugh: The approach can also be extended in numerous ways. Testing novel, more sophisticated descriptions of the glycocalyx mechanical properties and testing and characterizing artificial surfaces designed to protect implanted devices from inflammatory responses of the host are just a few.     

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.
 2012, Journal of Visualized Experiments


