[image: ]FINAL: APPROVED FOR FILMING


Submission ID #:  61048
Scriptwriter Name: Susan
Project Page Link: http://www.jove.com/files_upload.php?src=18619688

Title:   Quantifying Human Norovirus Virus-like Particles Binding to Commensal Bacteria Using Flow Cytometry

Authors and Affiliations: 
Jasmine L. Madrigal1, Melissa K. Jones1

1Microbiology and Cell Science Department, University of Florida, Gainesville, FL, USA



Corresponding Authors: 
[bookmark: _Hlk25233958]Melissa K Jones 	mmk@ufl.edu


Email Addresses for Co-authors: 
Jasmine L. Madrigal	jl.madrigal@ufl.edu


Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Filming location: Will the filming need to take place in multiple locations?   No


Introduction
[bookmark: _Hlk28591455][bookmark: _Hlk28954045]Videographer: Interviewee headshots are required. Take a headshot for each interviewee. 

[bookmark: _Hlk28591522]Authors: While filming the interview portion, our videographer will also photograph you for the JoVE Dedicated Author Webpage. Please look at this example. For questions about the author profile pages and pictures, please contact author.liaison@jove.com.


1. Introductory Interview Statements
1.1. Melissa Jones: Virus-bacterial interactions can be important for successful viral infection and stimulation of the host immune response, but currently, highly concentrated and purified stock of human norovirus cannot be produced in the lab [1]. 
1.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
1.2. Melissa Jones: This technique can be used with any virus that binds to bacteria for which either virus-like particles or live virus are available. It enables us to quantify interactions between these viruses and bacteria [1]. 
1.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.



1.1. 

Protocol

2. Correlating Optical Density and Bacterial Concentration
2.1. Inoculate 5 milliliters of liquid medium with a single, isolated colony of Enterobacter cloacae (pronounce cloh-EE-key) from an agar plate directly from frozen glycerol stock [1]. Grow the bacteria overnight [2].
2.1.1. Talent inoculates flask of liquid medium.
2.1.2. Talent places flask in shaker.

2.2. The following day, transfer 1.3-milliliter aliquots of the culture into two separate 1.5-milliliter centrifuge tubes [1]. Centrifuge the tubes at 10,000 times g for 5 minutes [2].
2.2.1. Talent transfers bacterial culture from flask to 1.5-milliliter tubes.
2.2.2. Talent places tubes in centrifuge.
2.3. Remove the supernatants [1]. Then, wash the samples twice, using 1 milliliter of sterile 1X PBS for each wash [2]. 
2.3.1. Talent removes the liquid from the 1.5-milliliter tubes. NOTE: 2.3.1 and 2.3.2 combined.
2.3.2. Talent washes the pellet with PBS. Videographer: It is not necessary to show both washes for both tubes.
2.4. Centrifuge the samples again at 10,000 times g for 5 minutes [1]. Remove the supernatant, and resuspend the pellets in 1.3 milliliters of sterile 1X PBS [2].
2.4.1. Talent places samples in centrifuge and adjusts settings.
2.4.2. Talent removes the liquid from the tubes, adds PBS, and resuspends the pellets. Videographer: Can film process for only one tube.
2.5. Beginning with 0.5 milliliters of washed culture [1], serially dilute the bacteria in 1X PBS from 10-1 to 10-4 [2].  Videographer: This is one of the most important steps for viewers to see.
2.5.1. Four containers of PBS labeled with dilution levels. Talent inserts pipette in centrifuge tube of washed bacterial culture from previous step. NOTE: 2.5.1 and 2.5.2 combined.
2.5.2. Talent deposits bacterial culture in first labeled container of PBS and mixes it.
2.6. Using a spectrophotometer, measure the optical density of the washed, undiluted culture and each of the four dilutions at 600 nanometers [1].
2.6.1. Talent uses spectrophotometer to measure the optical density of the cultures. Videographer/video editor: Film/show at least one culture being measured, more if needed.
2.7. Perform 10-fold serial dilutions in 1X PBS for each of the previous dilutions [1]. Videographer: This is one of the most important steps for viewers to see, especially positioning of clearly labeled tubes.
2.7.1. Array of labeled tubes prepared for the serial dilutions. Talent begins process of transferring diluted cultures to new tubes. 
2.8. Spread plate 100 microliters of the last 3 dilutions for each series onto agar plates to determine the number of colony-forming units per milliliter for each sample [1-TXT].   Videographer: This is one of the most important steps for viewers to see. 
2.8.1. Talent inoculates solid media with diluted cultures. TEXT: Plate each dilution in triplicate.
2.9. Allow the plates to dry at room temperature for 5 minutes [1]. Invert the plates and incubate them in the incubator [2].
2.9.1. Plates left to dry at room temperature. Videographer: This step is critical.
2.9.2. Talent inverts plates and places them in incubator
3. VLP Attachment
3.1. After preparing the reagents, antibodies, and bacteria as described in the manuscript, assemble all the materials in a BSL-2 biosafety cabinet [1]. 
3.1.1. Establishing shot—talent setting up materials in biosafety cabinet  
3.2. Jasmine Madrigal: Virus like particles for human norovirus are listed as BSL-2 pathogens and all work performed using VLPs should be conducted in a certified biosafety cabinet [1]. 
3.2.1. INTERVIEW: Named author says the statement above in an interview-style statement
3.3. Add 10 micrograms of Human Norovirus VLPs to each tube of bacteria, and mix thoroughly by pipetting [1-TXT]. Incubate the tubes for 1 hour, at 37 degrees Celsius, with constant rotation [2].
3.3.1.  Talent adds VLPs to each tube of bacteria, and mixes by pipetting. TEXT: Warning: HuNoV VLPs are BLS-2 pathogens. Videographer: This step introduces hazardous materials.
3.3.2. Talent places tubes in tube revolver.
3.4. After incubation, centrifuge the tubes at 10,000 times g for 5 minutes [1]. 
3.4.1. [bookmark: _Ref31185031]Talent places tubes in centrifuge. Videographer: Please obtain multiple reusable takes; this shot can be reused for 3.6.1
3.5. Aspirate and discard the supernatant [1], and resuspend the bacterial pellet in 1 milliliter of PBS [2].
3.5.1. Talent removes supernatant using pipette and discards supernatant. NOTE: 3.5.1 and 3.5.2 combined.
3.5.2. Talent adds buffer to tube and resuspends pellet.
3.6. After repeating the wash steps once, centrifuge the tubes again, at 10,000 times g for 5 minutes [1]. Videographer, this is one of the most important steps for viewers to see.
3.6.1. [bookmark: _Ref31185008][bookmark: _Hlk31184931]Talent places tubes in centrifuge. Videographer. Footage from 3.3.1 can be reused here.
3.7. Discard the supernatant, and resuspend the VLP-bacteria pellet in 150 microliters of 5 percent blocking buffer [1]. Videographer, this is a critical step.
3.7.1. Talent discards supernatant, and resuspends pellet in buffer.
3.8. [bookmark: _Hlk25067257]Jasmine Madrigal: A common error that occurs is that tubes are swapped and the wrong treatment is added. To prevent this, arrange all tubes in lines that correspond to the correct treatment and add one treatment all at once to the tubes [1]. 
3.8.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
4. Antibody Staining
4.1. For each bacterial sample, prepare 50 microliters of diluted human norovirus GII (pronounce G-2) antibody. Using 5 percent blocking buffer, dilute the antibody 1 to 125 for E. cloacae samples [1]. 
4.1.1. Talent dilutes antibody with blocking buffer. NOTE: 4.1.1 and 4.2.1 combined.
4.2. Prepare 50 microliters of diluted isotype antibody for each bacterial sample, using the same dilution ratios [1].
4.2.1. Talent dilutes isotype antibody in in blocking buffer.
4.3. Divide each attachment assay sample into three 50-microliter aliquots, by transferring them into clean 1.5-milliliter centrifuge tubes [1]. Videographer: This is one of the more important steps for viewers to see, and critical to perform correctly.
4.3.1.  Talent divides contents of each sample into three empty centrifuge tubes.
4.4. To create unstained controls, add 50 microliters of blocking buffer to the first aliquot from each bacterial sample [1]. For the stained samples, add 50 microliters of the GII antibody dilution to the second set of aliquots [2]. Create the isotype controls by adding 50 microliters of the diluted isotype antibody to the third set of aliquots [3]. Videographer: This is one of the more important steps for viewers to see, and critical to perform correctly.
4.4.1. Talent adds blocking buffer to several bacterial samples. NOTE: 4.4.1 through 4.4.3 combined.
4.4.2. Talent adds GII antibody dilution to several bacterial samples.
4.4.3. Talent adds isotype antibody to several bacterial samples.
4.5. Incubate all the samples on ice, and in the dark, for 30 minutes [1]. Then, centrifuge all the samples at 10,000 times g for 5 minutes [2]
4.5.1. Talent places samples on ice in the dark. 
4.5.2. [bookmark: _Ref31189621]Talent places samples in centrifuge. Videographer: Please obtain multiple reusable takes; this shot can be reused for 4.7.1. 
4.6. Discard the supernatants, and resuspend each sample in 150 microliters of FCSB [1]. 
4.6.1. Talent begins process of discarding supernatants, adding buffer, and mixing to resuspend.
4.7. Again, centrifuge all the samples at 10,000 times g for 5 minutes [1].
4.7.1. [bookmark: _Ref31189676] Talent places samples in centrifuge. Videographer. Footage from 4.5.2 can be reused here.
4.8. Again, discard the supernatants and resuspend the samples in 100 microliters of FCSB [1]. 
4.8.1. Talent begins process of discarding supernatants, adding buffer, and mixing to resuspend.
4.9. After centrifuging the samples one final time and discarding the supernatants, resuspend the samples in 150 microliters of FCSB [1].
4.9.1. [bookmark: _GoBack]Beginning with tubes that have already been centrifuged and had supernatants removed, talent adds buffer to each tube and resuspends the samples. NOTE: 4.9.1 and 4.10.1 combined.
4.10. Transfer each sample to a tube containing 400 microliters of FCSB, for a total volume of 550 microliters [1]. 
4.10.1. Beginning with tubes that already have FCSB in them, talent transfers bacterial samples to the new tubes.
4.11. Store samples at 4 degrees Celsius until they are analyzed by flow cytometry [1].
4.11.1. Talent places samples in refrigerator.

  


Results
5. Results: Quantifying VLP Binding 
5.1. VLP attachment was measured using flow cytometry. First, density plots were used to gate out cellular debris, followed by subsequent dot-plot gating to remove bacterial doublets and cellular clumps [1].
5.1.1. LAB MEDIA: Figure 1. Video editor, please show only Figure 1A (both of the graphs on the top).
5.2. Representative histograms [1] demonstrate a lack of PE signal in bacteria-only samples [2], and a shift in PE signal intensity in VLP-bacterium samples compared to unstained and isotype controls [3]. 
5.2.1. LAB MEDIA: Figure 1. Video editor, please show only Figure 1B (both of the graphs on the bottom of Figure 1).
5.2.2. LAB MEDIA: Figure 1. Video editor, please show only Figure 1B (both of the graphs on the bottom of Figure 1), and emphasize the graph on the left.
5.2.3. LAB MEDIA: Figure 1. Video editor, please show only Figure 1B (both of the graphs on the bottom of Figure 1), and emphasize the graph on the right.
5.3. After 1 hour of incubation with 10 micrograms of VLP, flow cytometry detected particle binding to both E. cloacae and L. gasseri [1].
5.3.1. LAB MEDIA: Figure 2.
5.4. To determine the limit of binding quantification for this assay, a dilution series of the VLPs was generated prior to addition to the bacteria. Reductions in the amount of VLP resulted in corresponding reductions to the percent of bacteria bound by VLP [1]. 
5.4.1. LAB MEDIA: Figure 3.



Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements
6.1. Jasmine Madrigal: Knowing the virus:bacterium ratio and keeping the ratio consistent between variables is important in interpreting results [1]. 
6.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera. 
6.2. Jasmine Madrigal: Bacterial and viral mutants can be generated to specifically determine the microbial surface structures that mediate this interaction [1]. 
6.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera. 
6.3. Melissa Jones: This technique allows researchers to answer questions regarding circumstances and conditions that impact norovirus:bacterial interactions including how changes in virus genotype, bacterial growth conditions and changes in bacterial surface structure alter viral binding [1]. 
6.3.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera.
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