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Authors, please check the answers to the brief questionnaire below.   

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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _2.10, 2.16, 3.2, 5.1. 
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.) Producing and using bead stocks with reproducible protein coupling efficiency. This is ensured by these two steps:  2.10, 2.16.
E.  Will the filming need to take place in multiple locations? (Y/N) _Y______ If yes, how far apart are the locations? Main lab and tissue culture lab situated on different sides of the same corridor within the Biosciences building.


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 procedure is to produce biomimetic materials, consisting of pure recombinant adhesins coupled to polystyrene beads, which can then be used to dissect the biochemical and functional interactions between individual bacterial adhesins and host cell receptors. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Daniel H. Stones: This method can help answer key questions in the field of host-pathogen interaction, such as effects on host cell signaling and inhibition of pathogen mediated cytotoxicity. 
1.2. Daniel H. Stones: The main advantage of this technique is that purified adhesins are directionally and covalently coupled to polymer particles similar in size to bacteria, thus mimicking bacterial surface display.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

N/A
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Daniel H. Stones: Demonstrating the procedure with me will be Fitua Al-Saedi, a PhD student from our laboratory.  
1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. a still image or a segment of video from when Fitua is performing the experiment will be acceptable for us.

Protocol (read by voice talent at JoVE):

2. Chemical coupling of proteins to polymer beads

2.1. Thiol-amine directional coupling will be demonstrated here.  This protocol is suitable for coupling of cysteine containing proteins to amine-functionalized polymer beads, using Sulfosuccinimidyl 4-(p-maleimidophenyl) butyrate, or Sulfo-SMPB, as a cross-linking agent. [2.1.1 – LM] 

2.1.1. Figure 1.tif

2.2. Prepare all necessary reagents just prior to use as described in the protocol text. [2.2.1 – MED] 

2.2.1. Talent setting our freshly prepared reagents.

2.3. To begin the procedure for bead activation, mix the bead suspension by gently inverting and then transfer the required amount of bead suspension into a sterile 1.5-ml tube containing 1 ml of sterile PBS, pH 7.0. [2.3.1 – MED]

2.3.1. *film as written.

2.4. Gently pipette up and down to wash the beads [2.4.1 – CU] and pellet by centrifugation in a microcentrifuge. [2.4.2 – MED-multiple takes-TXT] 

2.4.1. *film as written.
2.4.2. Multiple takes from different angles of talent putting 1.5-ml tube into the centrifuge and starting the spin.  Shot will be repeated many times later. TEXT: 16,000 x g; 2 min

2.5. Carefully remove the supernatant with a pipette and discard. [2.5.1 – CU] Resuspend the bead pellet in 1 ml of fresh sterile PBS [2.5.2 – CU] and repeat the washing step. [2.5.3 – reuse shot] Resuspend the bead pellet in 0.8 ml of PBS. [2.5.4 – MED]

2.5.1. *film as written.
2.5.2. 1 ml of PBS being added to beads and beads are pipetted up and down.
2.5.3. Use shot from 2.4.2.
2.5.4. *film as written.

2.6. Add 200 l of freshly prepared 10 mM Sulfo-SMPB, to give a final concentration of 2 mM. [2.6.1 – CU]

2.6.1. *film as written.

2.7. Incubate the bead suspension for 1 hour at 25°C on a rotating wheel. [2.7.1 – MED-TXT]

2.7.1. Talent putting the tube on a rotating wheel. TEXT: 1 h; 25°C

2.8. While the beads are incubating, prepare the protein for the following coupling step so it can be immediately added to the activated beads.  [2.8.1 – MED] Check the protein concentration and adjust it to the final concentration required for the coupling reaction. 6 M of protein in PBS and a volume of 1 ml are usually used. [2.8.2 – CU]

2.8.1. Talent setting out the protein solution and PBS.
2.8.2. PBS being added to protein to get desired concentration.

2.9. For protein reduction, add a TCEP (pronounce as T-sep) stock solution to give a final concentration of 5 mM. [2.9.1 – CU] Incubate the solution for 30 minutes at room temperature. [2.9.2 – MED-TXT]

2.9.1. TCEP stock solution being added to the protein.
2.9.2. Talent putting the tube at room temperature. TEXT: 30 min; room temperature

2.10. Retain a few l of the protein solution for determining the initial protein concentration and calculation of coupling efficiency. [2.10.1 – CU]

2.10.1. An aliquot of the protein solution (from 2.9) being transferred to another tube.

2.11. Start the protein coupling procedure [2.11.1 – MED] by pelleting the activated beads, [2.11.2 –reuse shot-TXT] and washing the pellet once in 1 ml of fresh sterile PBS. [2.11.3 – CU][2.11.4-reuse shot]

2.11.1. Talent retrieving the beads from the rotator. (from step 2.7)
2.11.2. Use shot from 2.4.2.  TEXT: 16,000 x g, 2 min
2.11.3. Talent aspirating supernatant from tube and then adding 1 ml PBS and resuspending beads.
2.11.4. Use shot from 2.4.2.  

2.12. Resuspend the pellet in the prepared protein solution to give the desired protein concentration. [2.12.1 – MED/CU]

2.12.1. Supernatant is removed and then appropriate volume of prepared protein solution added to beads.

2.13. Incubate the protein-bead suspension for 2 hours at 25°C on a rotating wheel. [2.13.1 – MED-multiple takes-TXT]

2.13.1. Multiple takes from different angles of talent putting tube with protein-bead suspension on the rotating wheel. TEXT: 2 h; 25°C

2.14. After 2 hours, deactivate the remaining activated groups on the beads by adding a cysteine stock solution to a final concentration of 50 mM, [2.14.1 – CU] and incubating the suspension for 30 minutes at 25°C on a rotating wheel. [2.14.2- reuse shot – TXT]

2.14.1. Cysteine stock solution being added to the protein-bead suspension.
2.14.2. Use shot from 2.13.1. TEXT: 30 min; 25°C

2.15. Pellet the beads by centrifugation. [2.15.1 – reuse shot-TXT] 

2.15.1. Use shot from 2.4.2.  TEXT; 16,000 x g; 2 min

2.16. Keep the supernatant for determining the protein concentration and calculation of coupling efficiency. [2.16.1 – CU-TXT] Wash the bead pellet twice with 1 ml of PBS [2.16.2 – CU] [2.16.3 – reuse shot – TXT] and resuspend in 1 ml of fresh PBS to give the final product. [2.16.4 – MED]

2.16.1. Supernatant being transferred to another tube. TEXT: Refer to protocol text for calculations of coupling efficiency Do not show part where some of pellet was taken up during 2nd supernatant removal
2.16.2. 1 ml of PBS being added to beads and beads resuspended.
2.16.3. Use shot from 2.4.2.   TEXT: Wash 2X with PBS
2.16.4. Talent removing supernatant (after 2nd wash) and adding 1 ml fresh PBS to resuspend beads.

3. Use of bead-coupled adhesins in competition assays

3.1. One day before the competition assay, seed each well of a 24-well plate with 1 ml of HeLa cells at a concentration of 150,000 cells per ml. [3.1.1 – MED-TXT] This will allow cells to reach approximately 80% confluency prior to starting the experiment. [3.1.2 – MED-multiple takes]

3.1.1. Talent pipetting HeLa cells into wells of a 24-well plate. TEXT: Seed  150,000 cells/ml
3.1.2. Multiple takes from different angles of talent putting 24-well plate into incubator.

3.2. Inoculate a 5 ml marine LB culture with a fresh colony of V. parahaemolyticus [3.2.1 – MED] and grow overnight at 30 °C with shaking. [3.2.2 – MED-TXT]

3.2.1. *film as written.
3.2.2. Talent putting culture into shaking incubator. TEXT: overnight; 30°C

3.3. Prepare sufficient bead-coupled Multivalent Adhesion Molecule as demonstrated earlier. Allow for 100 l of 10x bead stock per well, or a final concentration of 500 nM protein. [3.3.1 – MED]

3.3.1. Talent showing the previously prepared bead-coupled MAM to camera.

3.4. On the day of the competition assay, [3.4.1 – MED] measure the OD600 of the bacterial culture. [3.4.2 – MED]

3.4.1. Talent retrieving culture from incubator.
3.4.2. General shot of talent measuring OD of culture.

3.5. Prepare infection media by diluting bacterial cultures into colorless DMEM (pronounce D-mem) without additives, pre-warmed to 37°C, containing 10% v/v bead suspension, to give an MOI of 10. Prepare 1 ml per well and 10-20% excess volume per sample. [3.5.1 – MED] 

3.5.1. Talent preparing required volume of infection media. 

3.6. Remove the old medium from the wells and wash the cultured HeLa cells by adding to each well 1 ml of sterile PBS pre-warmed to 37°C. [3.6.1 – CU]

3.6.1. *film as written.

3.7. Remove the PBS and add 1 ml of infection medium per well. [3.7.1 – MED] Add solutions containing control beads and bacteria as positive controls, [3.7.2 – CU] and adhesin beads and no bacteria as negative controls. [3.7.3 – CU] Add DMEM containing 0.1% Triton X-100 as lysis controls. [3.7.4 – CU] Set up each experimental condition, including the controls, in triplicate. [3.7.5 – LM]

3.7.1. Talent removing PBS from wells and then adding infection medium plus GST-adhesin beads to three wells.
3.7.2. Media with GST only beads and bacteria added to another three wells.
3.7.3. GST-adhesin beads being added to another three wells.
3.7.4. DMEM and 0.1% Triton X-100 being added to another three wells.
3.7.5. 53400_Plate layout.tiff

3.8. Incubate the plate in a tissue culture incubator at 37 °C for the desired amount of time. [3.8.1 – reuse shot]

3.8.1. Use shot from 3.1.2.

4. Measurement of cytotoxicity

4.1. Cytotoxicity is assessed 4 hours post infection. [4.1.1 – MED-multiple takes] Remove 200 l from each well used in the 24-well plate and transfer to a new 96-well plate. [4.1.2 – CU]

4.1.1. Multiple takes from different angles of talent taking 24-well plate out of the incubator.
4.1.2. 200 l being removed from each of three wells (of one experimental condition) and transferred to 3 wells in a new 96-well plate.

4.2. Spin the 96-well plate at 1500 x g for 5 minutes [4.2.1 – MED –TXT] and transfer 100 l from each well into a fresh 96-well plate. [4.2.2 – CU] Add 100 l of the media used during the infection experiments to three fresh wells of the 96-well plate to be used as blanks. [4.2.3 – CU] 

4.2.1. Talent putting the 96-well plate into a centrifuge. TEXT: 1500 x g; 5 min
4.2.2. *film as written.
4.2.3. *film as written.

4.3. Carry out the lactate dehydrogenase  release assay using an LDH cytotoxicity detection kit and following the manufacturer’s instructions: first calculate the amount of reagent needed in increments of 25, for example, for 100 samples, mix 11.25 ml of reagent A with 250 µl of reagent B. [4.3.1 – MED] Invert. To avoid foaming, do not vortex. [4.3.2 – CU]

4.3.1. Talent mixing reagent A with reagent B.
4.3.2. Tube being inverted to mix.

4.4. Next put the mixture in a reservoir.  [4.4.1 – MED] Then add 100 µl of the reagent mix to each sample [4.4.2 – CU] and incubate the plate at room temperature. [4.4.3 – MED-TXT]

4.4.1. *film as written.
4.4.2. Multi-channel pipette being used to add 100 µl of the reagent mix to each sample in the 96-well plate.
4.4.3. Talent putting 96-well plate at room temperature. TEXT: Incubate at room temperature

4.5.  At 10, 20, and 30 minutes, read the absorbance at 490 nm on a plate reader. Subsequently, calculate % cytotoxicity as described in the manuscript. [4.5.1 – MED]

4.5.1. Talent putting 96-well plate into plate reader and starting the reading.

5. Measurement of bacterial adhesion

5.1. Measurements of bacterial adhesion are made one hour after infection. [5.1.1 – reuse shot] Remove the media from the cell layer and thoroughly wash the cell layer with sterile, pre-warmed PBS to remove any unattached cells. [5.1.2 – CU] Wash at least 3-4 times with 1 ml of PBS each time. [5.1.3 – CU –TXT] 

5.1.1. Use shot from 4.1.1.
5.1.2. Media being removed and PBS added.
5.1.3. PBS being removed and new PBS added.  TEXT: Wash 3-4 times with PBS

5.2. Lyse the host cells by adding to each well 1 ml of a sterile 1 % v/v Triton X-100 solution in PBS. [5.2.1 – CU] Incubate the plate at 37 °C for 5 minutes. [5.2.2 – reuse shot-TXT]

5.2.1. *film as written
5.2.2. Use shot from 3.1.2. TEXT: 37°C; 5 min

5.3. Pipette each sample up and down several times before transferring the contents of each well to separate 1.5-ml tubes. [5.3.1. – MED][5.3.2 – CU] Prepare 10-fold serial dilutions of the samples into sterile PBS. [5.3.3 – CU] 

5.3.1. Talent pipetting the sample in a well up and down and then transferring the contents to a 1.5-ml tube.
5.3.2. Shot of all the 15 tubes with samples.
5.3.3. 100 l of a sample being transferred to new 1.5-ml tube and then 900 l of PBS being added to the tube.

5.4. Plate 100 l of each sample on marine LB agar and spread using a cell spreader. Optimize which dilutions to plate depending on the bacterial strains and time point. For this experimental setup, a 105 or 106 fold dilution will give a suitable number of CFUs. [5.4.1 – MED]

5.4.1. Talent plating 100 l of a sample on a marine LB agar plate and then spreading it using a cell spreader.

5.5. Incubate the plates at 37 °C overnight. [5.5.1 – MED-TXT]

5.5.1. Talent putting plates into a 37 °C incubator.  TEXT: 37°C; overnight

5.6. On the following day, enumerate bacteria by colony counting. [5.6.1 – MED]

5.6.1. Talent checking plates and counting colonies.





6. Results: biomimetic beads characterize bacteria-host interactions 

6.1. In competition assays, HeLa cells were infected with V. parahaemolyticus strain POR1 (pronounce like pore-1), indicated with (+), or left uninfected, in the presence of different competing entities. In vitro infection with POR1 resulted in very high levels of cell lysis, [6.1.1 – LM] which was inhibited by MAM7 (pronounce as mam-7, rhymes with dam) -coupled beads [6.1.2 – LM] but not MAM1-coupled [6.1.3 – LM] or GST-coupled beads. [6.1.4 – LM]

6.1.1. Figure 3R.jpg.  Highlight second bar from left.
6.1.2. Figure 3R.jpg. Highlight third bar from left.
6.1.3. Figure 3R.jpg. Highlight fourth bar from left.
6.1.4. Figure 3R.jpg. Highlight fifth bar from left.

6.2. Enumeration of V. parahaemolyticus attached to either untreated HeLa cells, or cells incubated with MAM7, MAM1, or GST control beads, revealed that MAM7-beads but not  MAM1 or GST control beads outcompete V. parahaemolyticus for attachment to host cell surface receptors. [6.2.1 – LM]

6.2.1. Figure 4R.jpg.  Highlight second bar from left.

6.3. Adhesins coupled to fluorophore labeled beads can mimic bacterial adhesion to host cells and are powerful tools for cellular imaging.  The tube on the right contains a suspension of fluorescent blue biomimetic beads. [6.3.1 – LM]

6.3.1. Figure 5.tif.  Show panel A only.

6.4. MAM7-coupled fluorescent blue beads were used to characterize the process of MAM7-mediated attachment to epithelial cells. Attachment of MAM7 to host cells resulted in actin rearrangements and formation of stress fibers, which were co-visualized using rhodamine-phalloidin to stain for F-actin.

6.4.1. Figure 5.tif.  Show panel B only.


7. Conclusion (said by authors on camera)
7.1. Daniel H. Stones: Following this procedure, other methods like affinity purification coupled with proteomics or Western Blotting can be performed in order to answer additional questions such as which host cellular factors are involved in signaling processes downstream of bacterial attachment.
   

Provided Media
2.1. Figure 1.tif
3.7. 53400_Plate layout.tiff - Graphic of 24-well plate and their contents.  
6.1. Figure 3R.jpg
6.2. Figure 4R.jpg
6.3 – 6.4. Figure 5.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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