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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Yes_____  

Can you record movies/images using your own microscope camera? (Y/N)___Yes_____  

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: __SMZ745
B.   Software Usage: 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? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __Steps 3.1-3.7 and 4.1 to 4.5_________________________________________
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.) __Steps 3.4 to 3.7_________________________
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) __Yes_____ If yes, how far apart are the locations? They are located at the same floor. 
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this methodology is to enable the characterization of the effect of extracellular matrix stiffness on bacterial infection of adherent cells in a highly quantitative manner. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Effie Bastounis: This method can help answer key questions in the emerging field of “host-pathogen biomechanics”, such as what is the role of mechanical forces in modulating bacterial infection susceptibility of host cells. 
1.2. Fabian E. Ortega: This technique helps create high resolution time-lapse video sequences while simultaneously screening multiple conditions and automating certain procedures.   
2. Manufacturing Thin Two-layered Polyacrylamide Hydrogels on Multi-well Plates
2.1. To carry out glass activation of 24-well dishes [1-WIDE], add 500 μL of 2 M NaOH per 13 mm diameter well [2-CU] and incubate the plates at RT for 1 h [3-MED].
2.1.1. Talent at hood opens plates to treat
2.1.2. Talent adds NaOH to plates
2.1.3. Talent covers plates to incubate
2.2. Discard the NaOH and use ultrapure water to rinse the wells once [1-MED/CU], then add 500 (L of 2% (3-aminopropyl)triethoxysilane in 95% ethanol to each well and incubate them for 5 min [2-CU].
2.2.1. Talent rinses wells with ultrapure water

2.2.2. Talent adds (3-aminopropyl)triethoxysilane and covers plates to incubate
2.3. With water, rinse the wells once [1-CU]. Then add 500 μL of 0.5% glutaraldehyde to each well and incubate the plates for 30 min [2-MED/CU]. After rinsing once with water, dry the plates at 60 ˚C with the lid off [3-MED].
2.3.1. Talent rinses wells with water
2.3.2. Talent adds glutaraldehyde and covers plates to incubate
2.3.3. Talent places plates into incubator without lids to dry
3. Polyacrylamide Hydrogel Fabrication
(Editor: The authors changed and added some shots in 3.1 – I tried to incorporate what the authors changed while still maintaining the original shotlist numbering. However, the numbers and slating may not match up. Also, they removed 3.2 by deleting it – I put it back to maintain the original numbering, but I’m not sure if the slating will match)
3.1. To manufacture hydrogels of tunable stiffness, prepare aqueous solutions that contain 3 – 10% of a 40% stock acrylamide solution [1-MED/CU-TXT] and 0.06 – 0.6% of a 2% bis-acrylamide solution depending on the desired stiffness of the hydrogel [2-CU-TXT]. After this, add the water [3.1.3]. For each stiffness, Solution 1 is bead-free whereas Solution 2 contains 0.03% 0.1 (m fluorescent microbeads to Solution [3.1.4-TXT].
3.1.1. Talent places labeled acrylamide solutions next to one another on bench first adds the acrylamide in the tubes (TEXT: 0.6 kPa – 70 kPa)
3.1.2. Talent places labeled bis solutions on bench next to acrylamide solutions (TEXT: Refer to text protocol for additional details) Talent then adds the bis-acrylamide
3.1.3. [Added Shot]: Talents adds the appropriate amount of water [MED]
3.1.4. [Added Shot]: For Solution 2 talent adds also beads. [TEXT/CU] (TEXT: Refer to text protocol for additional details)
3.2. [1-CU-TXT][2-CU-TXT]
3.2.1. Talent finishes preparing solutions 1 and 2 with different stiffness labeled 
3.2.2. Talent adds beads to the tubes/flasks of solution 2 (TEXT: Refer to text protocol for details, Solution 1 bead-free)
3.3. Degas Solutions 1 and 2 by vacuum for 15 min to eliminate oxygen that will inhibit polymerization [1-MED/CU].  Then while acting quickly, add 0.43% TEMED and 0.6% of the 10 g/mL stock APS solution to Solution 1 [2-CU].
3.3.1. Talent degases solution 1 and 2
3.3.2. Talent adds APS and TEMED to Solution 1 for each stiffness at a time
3.4. Add 3.6 (L of the solution to the center of each well of the 24-well dish [1-CU/ECU].  Immediately use 12 mm circular coverslips to cover the wells [2-CU] and let the solution sit for 20 min so that it fully polymerizes [3-MED/CU].
3.4.1. Talent adds solution to 24-well dish
3.4.2. Talent covers wells with 12 mm coverslips
3.4.3. Talent covers plates for gel to polymerize
3.5. Gently tap a syringe needle on a hard surface to create a small hook at its tip to facilitate the removal of the coverslips [1-CU/ECU]. Then use the needle to lift the coverslips [2-CU/ECU].
3.5.1. Talent makes a hook on needle
3.5.2. Talent uses needle to lift coverslips
3.6. Next, add 0.43% TEMED and 0.6% of the 10 g/mL stock APS solution to Solution 2 [1-CU]. Then deposit 2.4 µL of the mixture on top of 12 mm circular coverslips [2-CU/ECU].
3.6.1. Talent adds APS and TEMED to solution 2
3.6.2. Talent deposits solution on top of 12 mm circular coverslips first layer in wells
3.7. Place the circular coverslips with the drop of Solution 2 on top of the first polyacrylamide layer [1-CU], and use forceps to gently press downwards to ensure the thickness of the second layer is minimal [2-ECU]. Then let Solution 2 polymerize for 20 min [3-MED/CU].
3.7.1. Talent covers the first polyacrylamide layer with Solution 2 seating on glass coverslips
3.7.2. Talent uses forceps to press down on coverslips
3.7.3. Talent covers plates to polymerize
3.8. Add 500 μL of 50 mM HEPES pH 7.5 to each of the wells [1-CU] and use the syringe needle and forceps to remove the glass coverslips [2-ECU].
3.8.1. Talent adds HEPES to wells
3.8.2. Talent uses needle to remove coverslips
3.9. To sterilize the hydrogels, place them in a tissue culture hood and expose them to UV for 1 h [1-WIDE/MED].
3.9.1. Talent finishes placing gels under hood then turns on UV light
3.10. Now, prepare a mixture of 0.5% w/v of Sulfo-SANPAH in 1% DMSO and 50 mM HEPES pH 7.5 [1-CU-TXT].
3.10.1. Talent prepares Sulfo-SANPAH in DMSO and HEPES (TEXT: sulfosuccinimidyl 6-(4′-azido-2′-nitrophenylamino)hexanoate)
3.11. Add 200 (L of the solution to the upper surface of the hydrogels [1-CU].  Then working quickly, expose them to 302 nm UV for 10 min to activate them [2-MED].  Use 1 mL of 50mM HEPES, pH 7.5 to wash the hydrogels twice, repeating if necessary to remove any excess crosslinker [3-CU].
3.11.1. Talent adds solution to hydrogels
3.11.2. Talent places gels under UV to crosslink
3.11.3. Talent adds HEPES to gels to wash them
3.12. Protein-coat the hydrogels with 200 µL of 0.25 mg/mL rat tail Collagen I in 50 mM HEPES [1-CU-TXT]. Incubate the hydrogels, with the collagen, at room temperature overnight [2-MED-TXT].
3.12.1. Talent adds collagen I to hydrogels to coat them (TEXT: Refer to text protocol for details)
3.12.2. Talent sets gels on bench or under hood, covered to incubate overnight (TEXT: Measure thickness according to the text protocol)
3.13. Before seeding the cells of interest on the hydrogels, add 1 mL of medium [1-CU] and equilibrate them at 37 (C for 1 hr [2-WIDE].
3.13.1. Talent adds medium to gels
3.13.2. Talent places gel into incubator
3.14. To seed human microvascular endothelial cells, after culturing and preparing a cell suspension according to the text protocol [1-MED/CU], remove the medium from the hydrogels, then add 1 mL of cells suspension to each well [2-CU].
3.14.1. Talent finishes suspending cells and places tube on bench
3.14.2. Talent finishes removing medium from gels and starts to add cell suspension
4. Infection of Human Microvascular Endothelial Cells with L. monocytogenes 

4.1. After preparing an overnight culture of L. monocytogenes according to the text protocol [1-MED/CU-TXT], transfer 1 mL of the culture into a microcentrifuge tube [2-CU] and spin it down at 2000 x g and RT for 4 min [3-MED].
4.1.1. Talent places overnight culture down on bench (TEXT: OD600 = 0.2 – 0.3)
4.1.2. Talent transfers 1 mL of culture into tube

4.1.3. Talent places tubes into centrifuge and sets speed and time
4.2. After using tissue culture grade PBS to wash the pellet twice, use 1 mL of PBS to resuspend the pellet [1-CU].
4.2.1. Talent adds PBS to pellet and resuspends
4.3. Prepare the infection mix by combining 10 or 50 μL of the bacterial suspension with 1 mL of MCDB-131 full medium for a multiplicity of infection, or MOI of approximately 50 bacteria per host cell or 10 bacteria per host cell [1-CU].
4.3.1. Talent combines bacterial suspension with MCDB-131 
4.4. Remove the medium from the wells of the 24-well plates, taking care not to disrupt the hydrogels or the cells [1-CU]. Use 1 mL of MCDB-131 full medium to wash the cells once [2-CU], then add 1 mL of the bacteria to each well [3-CU].
4.4.1. Talent removes medium from wells
4.4.2. Talent washes cells with MCDB-131
4.4.3. Talent adds bacteria to each well  
4.5. Place the lid on the plates and wrap them with polyethylene food wrap to avoid leakage [1-MED/CU].  Centrifuge the plates at 2000 x g for 10 min to synchronize the invasion [2-MED]. Then incubate the cultures at 37 (C for 30 min [3-WIDE].
4.5.1. Talent finishes placing lids on plates then wraps them
4.5.2. Talent places plates into centrifuge and starts the spin with settings visible
4.5.3. Talent places plates into incubator
4.6. With MCDB-131 full medium, wash the samples 4x [1-CU] and return them to the tissue culture incubator [2-WIDE]. After an additional 30 min, replace the medium with MCDB-131 full medium supplemented with 20 μg/mL of gentamicin [3-MED/CU].
4.6.1. Talent washes samples with MCDB-131
4.6.2. Talent returns samples to incubator
4.6.3. Talent replaces medium with medium containing gentamicin 
5. Flow Cytometry to Quantify Extracellular-matrix-stiffness Dependent Susceptibility of Host Cells to Infection
5.1. To carry out flow cytometry, 8 h post-infection, remove the medium from the wells of the 24-well plate and use tissue culture PBS to wash the wells once [1-CU]. Following the removal of the PBS, add 200 μL of trypsin-EDTA/collagenase mix to each well [2-CU-TXT]. Place the dish in the tissue culture incubator for 10 min to allow full detachment of the cells [3-WIDE].
5.1.1. Talent finishes removing medium and adds PBS to cells
5.1.2. Talent adds trypsin-EDTA/collagenase to cells (TEXT: Refer to text protocol for details)
5.1.3. Talent places plates into incubator
5.2. After gently pipetting each well 8x, add 200 (L of full medium to neutralize the trypsin [1-CU].  Transfer the 400-μL of cell solution from each well into a 5-mL polystyrene tube with a 35-μm cell strainer cap.  Analyze the samples by flow cytometry [2-CU].
5.2.1. Talent adds full medium to wells
5.2.2. Talent transfers 400(L of cell solution from each well in to 5 mL tubes with strainer caps
6. Quantitative Time-lapse Microscopy to Assess Extracellular-matrix-stiffness Dependent L. monocytogenes Dissemination Through Endothelial Cells
6.1. After seeding HMEC-1 cells on PA hydrogels and treating with gentamicin according to the text protocol [1-MED/CU], incubate the plate for 5 h to allow the actA promoter to turn on and drive the expression of the mTagRFP open reading frame [2-WIDE-TXT].
6.1.1. Talent finishes treating cells cells with gentamicin

6.1.2. Talent places plates into incubator (TEXT: Zeldovich, V. B. et al., PLoS Pathogens. 7 (3), e1002005 (2011).)

6.2. Four hours post-infection, mix 1 μL of 1 mg/mL Hoechst dye with 1 mL of L-15 full medium and add it to each well to stain the nuclei [1-CU-TXT]. After incubating the cells for 10 min [2-WIDE], replace the medium with 1 mL of L-15 full medium supplemented with 20 µg/mL of gentamicin [3-CU].
6.2.1. Talent finishes combining Hoechst with MCDB-131 and adds to wells (TEXT: When the internalized JAT983 starts fluorescing)
6.2.2. Talent removes cells from incubator
6.2.3. Talent replaces medium   
6.3. Image multiple positions every 5 min using an autofocus feature to monitor how Lm bacteria spread through HMEC-1 monolayers seeded on varying stiffness hydrogels [1-LM].
6.3.1. LAB MEDIA Figure 6A
7. Results: The Effect of Extracellular Matrix Stiffness on L. monocytogenes Infection of HMEC-1 Cells 
7.1. As reported in this graph, AFM measurements were performed to confirm the exact stiffness of the PA hydrogels prepared using the protocol in this video [1-LM].
7.1.1. LAB MEDIA Figure 2A, Editor, add in the graph without the X and Y axis labels.  Then add in the Y axis label and then the X axis label.
7.2. Here, HMEC-1 cells on matrices of different stiffness were infected with an Lm strain that expresses a fluorescent marker after internalization that only allows the detection of intracellular bacteria.  Cells were gated using the forward versus side scatter plot, and a second gating step excluded cells that exhibited autofluorescence [1-LM-TXT].
7.2.1. LAB MEDIA Figure 3A, Editor, add in panel A and add in the X and y axis labels when each is mentioned (TEXT: Lacks ActA which would allow bacteria to spread from cell to cell)
7.3. Flow cytometry analysis revealed that Lm infection was approximately two-fold greater on stiff 70 kPa versus 0.6 kPa hydrogels [1-LM].
7.3.1. LAB MEDIA Figure 3B – D, Editor, when 70 kPa and 0.6 kPa are mentioned, add them into panels B and C.  If possible, places C under B and panel D on the right.  Also when 0.6 is mentioned, use an arrow to point out the dots in D above the 0.6 and then do the same for the dots above 70 when it is mentioned
7.4. To test whether increased Lm adhesion onto HMEC-1, increased Lm invasion into HMEC-1, or both were responsible for the increased susceptibility to infection, shortly after infection with Lm constitutively expressing GFP, the HMEC-1 cells were fixed and adhered bacteria were stained with antibodies [1-LM].
7.4.1. LAB MEDIA 4A – C, Editor, add in the panels one at a time
7.5. As shown here, there were significantly more bacteria adhering to HMEC-1 when the host cells reside on stiff as compared to soft gels [1-LM].
7.5.1. LAB MEDIA Figure 4D, Editor add in the panel and then use red arrows to point out the dots in the 70 kPa column
7.6. Consistent with the flow cytometry data, there are significantly more bacteria internalized by HMEC-1 when the host cells reside on stiff as compared to soft gels [1-LM].
7.6.1. LAB MEDIA Figure 4E, Editor, use a red arrow to point out the dots in the 70 kPa column
8. Conclusion (said by authors on camera)

8.1. Fabian E. Ortega: Once mastered, this assay can be done in approximately 3 days as there are long incubation steps required in between.

8.2. Effie Bastounis: While attempting this procedure, it’s important to remember to be as sterile as possible to ensure that the hydrogels and host cells are free of contamination.

8.3. Fabian E. Ortega: Following this procedure, other methods, such as Atomic Force Microscopy, can also be incorporated to answer questions such as how does the stiffness of infected cells change upon infection, and whether this effect depends on matrix stiffness.
8.4. Effie Bastounis: After its development, this technique paved the way for researchers in the field of mechanobiology to explore the role of host cell - pathogen biomechanical interactions by using different host cells such as epithelial cells and pathogens such as R. parkeri).

8.5. Fabian E. Ortega: After watching this video, you should have a good understanding of how to manufacture hydrogels of tunable stiffness on multi-well plates and how to perform the infection assay to study the effect of matrix stiffness on susceptibility of host cells to bacterial infection.

8.6. Effie Bastounis: Don't forget that working with pathogenic bacteria can be hazardous and precautions such as inserting barriers between the pathogen and the potential site of entry and preventing the generation of aerosols should always be taken while performing this procedure.
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.

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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