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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) 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: Zeiss Primovert Inverted microscope
B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.33, 2.4., 4.3, 4.4., 6.5, 7.1
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.) 2.4 and 4.4
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? approximately 300 – 400 meters 
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this methodology is to assess gut-host microbiome interactions by combining a static upper gastrointestinal digestion model with the host interface, represented by intestinal epithelial and mucus-secreting cells. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Tom Van de Wiele: This method is the next step in mimicking the human microbiome from the upper digestive tract. It allows tackling research questions on the field of food sciences, nutra- and pharmaceutical research and toxicology.  
1.2. Emma Hernandez-Sanabria: The main advantage of this technique is that it combines an in vitro gastrointestinal model with the host-microbe interface, including complex microbial communities. It is reproducible and highly flexible with promising applicability. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Marta Calatayud: This methodology can be adapted to assess pathogen viability and subsequent inflammation-associated changes, colonization capacity of probiotic mixtures, and ultimately, potential bacterial impact on the presystemic circulation.
Protocol: (read by voice talent at JoVE)
2. Development of a Multispecies Community Representative of the Oral Microbiome
2.1. To begin, autoclave the medium [2-MED-TXT], and then add 5 (g/mL of hemin and 1 (g/mL of menadione [3-CU].
2.1.1. Talent at bench prepares BHI medium (TEXT: Masters, J. R. & Stacey, G. N. C. Nature Protocols 2, 2276-2284 (2007))

2.1.2. Talent removes autoclaved medium from autoclave TEXT: prepare modified BHI as previously described
2.1.3. Talent adds hemin and menadione to medium

2.2. Dispense 9 mL of the medium into Hungate tubes [1-CU], and close the tubes with a rubber stopper and an aluminum cap [2-CU]. [3-MED/CU].
2.2.1. Talent dispenses medium into Hungate tubes
2.2.2. Talent finishes capping tubes with rubber stoppers then adds aluminum caps
2.2.3. Talent flushes tubes with N2/CO2
2.3. Use a syringe to retrieve 1 mL of anaerobic medium and transfer it into a 1.5 mL microcentrifuge tube [1-CU]. Pick single colonies of each bacterial species and resuspend them in the medium [2-CU]. Then transfer the colonies into the anaerobic modified BHI [3-CU] and incubate them at 37 °C for 48 h [4-WIDE-TXT].
2.3.1. Talent uses a syringe to take up medium and transfers it to microfuge tube

2.3.2. Talent picks a single colony and resuspends in medium

2.3.3. Talent transfers resuspended colony into a Hungate tube of BHI 

2.3.4. Talent places tubes into incubator (TEXT: Incubate S. salivarius for 24 h)
2.4. Following the incubation, use filter-sterilized PBS to dilute the cultures to 105 cells/mL [1-CU-TXT].  Then use flow cytometry with SYBR Green/Propidium Iodide stain to measure the cell number [2-MED/CU-TXT].
2.4.1. Talent dilutes culture (TEXT: Refer to text protocol for additional details)

2.4.2. Talent places sample into flow cytometer (TEXT: Hernandez-Sanabria, E. et al. Frontiers in Cellular and Infection Microbiology 7, doi:Artn 235 10.3389/Fcimb.2017.00235 (2017))
2.5. Emma Hernandez-Sanabria, on Step 2.4: Evaluating the viability and composition of bacterial communities before exposure to cell cultures is essential for avoiding bias in the analysis [1-INTERVIEW].

2.5.1. Talent recites the above statement looking off camera

3. Maintenance and Passaging of Caco-2 and HT29-MTX Cell Lines 

3.1. Remove the cell culture medium from the flasks [1-MED/CU]. Then use 5 mL of PBS without Ca++/Mg++ to wash the cells once [2-MED/CU].
3.1.1. Talent removes cell culture medium from flask 
3.1.2. Talent adds PBS to cells to wash
3.2. Add 2 mL of trypsin EDTA solution to the cells [1-CU-TXT]. Distribute the solution by gently moving the flask. Then remove 1.5 mL of the trypsin solution [2-CU] and incubate the flask at 37 °C for 10 min [3-WIDE].
3.2.1. Talent adds trypsin EDTA to flask (TEXT: 0.5 mg/L trypsin; 0.22 g/L EDTA) Combined with the next step
3.2.2. Talent gently moves flask then removes 1.5 mL of the trypsin
3.2.3. Talent places flask into incubator 
3.3. After checking under the microscope if the cells have become detached, add 5 mL of supplemented cell culture medium to the flask to inactivate the trypsin and pipet up and down to obtain a homogeneous single cell suspension [1-CU].
3.3.1. Talent adds medium to flask and pipettes to resuspend cells
3.4. Immediately mix a 50 µL aliquot of the cell suspension with sterile 0.4% Trypan blue solution in a 1:1 v/v proportion for Caco-2 cells or a 1:5 v/v for HT29-MTX [1-CU]. Mix by pipetting and load the suspension into a counting chamber [2-CU] before counting the cells under the microscope [3-CU].
3.4.1. Talent combines cell suspension with trypan blue
3.4.2. Talent pipettes mixture then loads into a counting chamber
3.4.3. Talent places chamber on microscope stage and begins to count cells 
4. Assembly of Multicompartment Cell Model Simulating the Gut Host-Microbe Interface
4.1. After preparing Caco-2 and HT29-MTX cell suspensions according to the text protocol, homogenize the suspensions [1-MED/CU] and add the corresponding volume of Caco-2 and HT29-MTX cells to a pre-filled sterile container with supplemented cell culture medium [2-CU]. 
4.1.1. Talent finishes homogenizing cell suspension Combined with the next step
4.1.2. Talent adds Caco-2 and HT29-MTX cells to prefilled sterile container with cell culture medium
4.2. Aspirate the pre-incubated medium from the apical side of the previously prepared chamber [1-CU]. 
4.2.1. Talent aspirates medium from apical side of chamber

4.3. Gently mix the cell suspension by pipetting, and transfer 1.5 mL to the apical compartment of the chamber inserts, mixing the cell suspension every 1 – 3 wells to ensure constant homogenization [1-CU]. 
4.3.1. Talent adds cells to apical chamber and resuspends suspension after 1 – 3 wells
4.4. Gently move the plates back and forth and then right to left to evenly spread the cells in the well [1-CU-TXT]. Transfer the plates to the incubator and repeat the movement of the plates [2-MED].
4.4.1. Talent moves plates back and forth and then right to left (TEXT: 5 - 10 times)
4.4.2. Talent transfer plates to incubator and repeats movement of plates
4.5. Marta Calatayud, Step 4.4: The seeding procedure of the cell suspension requires a constant homogenization of the cells to ensure even spread in the well [1-INTERVIEW]. 
4.5.1. Talent recites the above statement looking off camera
4.6. To measure the epithelial barrier integrity before starting the assay, ensure that TEER equipment is fully charged before starting the measurements. [1-MED/CU-TXT].
4.6.1. Talent checks the charge of the system (TEXT: Follow manufacturer’s instructions)
Formatting was off in the original, so not sure about slating of 4.7. to 4.10., maybe it slated as 4.8.to 4.11.
4.7. Disconnect the TEER equipment from the power supply and cover with a plastic autoclave bag [1-MED]. Make a hole in the bag to introduce the electrode and plug it into the input port on the meter [2-MED/CU]. Then spray the bag with 70% ethanol before transferring the TEER equipment into the flow cabinet [3-MED/CU].
4.7.1. Talent disconnects the TEER equipment from the power supply and covers it with an autoclave bag
4.7.2. Talent finishes making hole in bag and puts electrode through and plugs it into the port on meter
4.7.3. Talent sprays bag with ethanol
4.8. To disinfect the electrode, immerse the electrode tips in 70% ethanol for 15 minutes [1-CU]. Allow the tips to air dry for 15 seconds. Then use cell culture medium to rinse the electrode [2-CU].
4.8.1. Talent immerses electrode tips into 70% ethanol Combined with the next step.
4.8.2. Talent uses cell culture medium to rinse electrode after tips dry

4.9. Allow the cells to come to room temperature inside the flow cabinet [1-MED].  Make sure that the meter is disconnected from the charger. Then set the mode switch to Ohms and turn on the power switch [2-CU].
4.9.1. Talent places cells into flow cabinet

4.9.2. Talent checks that meter is disconnected from charger then sets mode switch to Ohms and turns on power switch

4.10. Measure the cell resistance by immersing the electrode with the shorter tip in the insert and the longer tip out of the well. Keep the electrode at a 90° angle to the plate insert [1-CU].
4.10.1. Talent immerse electrode with shorter tip in insert and longer tip out of well with electrode at 90( angle
5. Bacterial Survival Following in vitro Gastrointestinal Transit Conditions
5.1. To simulate oral digestion, transfer 3 mL of the bacterial community in a 50-mL sterile tube and mix with 3 mL of simulated saliva fluid, or SSF [1-CU-TXT].  Add 75 U/mL of (-amylase from human saliva Type IX-A and 2 g/L of mucin from porcine stomach type II [2-CU].

5.1.1. Talent adds bacterial community to tube and mixes with SSF (TEXT: Refer to text protocol for all simulated fluids) Combined with the next step.
5.1.2. Talent adds (-amylase and mucin to tube

5.2. Incubate the mixture at 37 °C, and 100 rpm for 2 min [1-MED]. Collect a 2-mL sample for DNA extraction and flow cytometry quantification [2-CU].
5.2.1. Talent places sample on shaking incubator
5.2.2. Talent collects sample and marks as S1
5.3. To simulate gastric digestion, add 4 mL of simulated gastric fluid, or SGF to 3 mL of the bacteria [1-CU].  Use 1 M HCl to adjust the pH to 3 if necessary [2-MED/CU].  Incubate the sample at 37 (C and 100 rpm for 2 min [3-MED/CU].  Then collect a 2 mL sample [4-CU].
5.3.1. Talent adds SGF to bacterial community 
5.3.2. Talent measures pH and adjusts with HCl if necessary to pH 3

5.3.3. Talent places sample into incubator

5.3.4. Talent collects a 2 mL sample and labels it as S2

5.4. For small intestine digestions, add 4 mL of simulated intestinal fluid, or SIF to the bacteria [1-CU].  Use NaOH to adjust the pH if necessary [2-MED/CU].  Then incubate the sample at 37 (C and 100 rpm for 2 min [3-MED] and collect a 2 mL sample [4-CU].
5.4.1. Talent adds SIF to sample

5.4.2. Talent adjusts pH to 7

5.4.3. Talent places sample into shaking incubator

5.4.4. Talent takes 2 mL sample and labels as S3

6. Bacterial Colonization Ability Following in vitro Gastrointestinal Transit Conditions
6.1. After washing and adjusting the cell density of the small intestine digestion according to the text protocol, remove the apical medium from the transwell system [1-CU] and add 1.5 mL of the bacterial suspension [2-CU].
6.1.1. Talent removes apical medium from transwell system

6.1.2. Talent adds bacterial suspension to transwell system

6.2. Co-culture the system under general cell culture conditions for 2 h [1-WIDE-TXT].
6.2.1. Talent places cultures into incubator (TEXT: 37 °C, 95% humidity, 5% CO2)
6.3. Following incubation, measure the TEER values to evaluate the integrity of the epithelial barrier as demonstrated earlier in the video [1- MED/CU-TXT].

6.3.1. Talent places electrode into well insert and measures TEER (TEXT: Refer to text protocol for additional details)
6.4. Add 0.5 mL of 10 mM N-acetylcysteine in HBSS to solubilize the mucus produced by the HT29-MTX and to recover the adhered bacteria [1-CU-TXT]. Incubate the plates at 37 °C for 1 h, under agitation [2-WIDE/MED].
6.4.1. Talent adds NAC buffer to samples (TEXT: NAC-buffer)
6.4.2. Talent places plate in shaking incubator
6.5. Recover the NAC-HBSS in a microcentrifuge tube [1-CU] and use 1 mL of DPBS to wash the cells twice [2-CU].

6.5.1. Talent finishes pipetting sample into tube labeled as S5 Combined with the next step.
6.5.2. Talent adds DPBS to pelleted cells

6.6. Add 0.5 mL of 0.5% Triton X-100 on top of the monolayers and disrupt the cells by pipetting [1-CU].  Then quickly recover the liquid and vortex for 1 min. Speed is crucial to avoid damaging the bacterial cells with the detergent. Analyze the samples according to the text protocol [2-MED/CU-TXT].

6.6.1. Talent adds Triton X-100 to monolayers and pipettes to disrupt cells

6.6.2. Talent pipettes liquid into a tube and vortexes it

7. Results: Viability of Synthetic Bacterial Community on In Vitro Gut Host Microbe System
7.1. As reported here, the counts of intact cells from individual strains were approximately 108 cells/mL prior the creation of the synthetic community, while the multispecies microcosm contained above 90% viable cells during the establishment of the community [1-LM].
7.1.1. LAB MEDIA 57699fig1.jpg, panels A and B, Editor, for the first portion of the sentence, add in panel A and then for the second half of the sentence, add in panel B.
7.2. Based on the Live/Dead quantification, bacterial viability decreases after each digestion step as the result of acid pH during gastric passage and of the bile salts contained in the small intestine digestion fluids [1-LM].
7.2.1. LAB MEDIA 57699fig2.jpg, Editor, begin with the graph without the X axis labels then add them in one at a time from left to right.
7.3. The harsh conditions of stomach and small intestine digestion can switch bacteria to viable but non-culturable cells, which are live bacteria that do not either grow or divide.  As demonstrated in this figure, viable cells recovered from the mucosal interface are colored blue in the flow cytometry plot. However, no growth was observed when these mucus samples were plated [1-LM].
7.3.1. LAB MEDIA 57699fig3.jpg, Editor, add in the two graphs one at a time from left to right.  Then for ‘colored in blue,’ use blue arrows to point to the blue dots and bars in each plot.
7.4. The fraction in which bacteria show higher viability rates is the cellular debris, as revealed by plate counting. The number of colonies may be variable, but the presence of metabolically active bacteria is found in the less diluted samples [1-LM].
7.4.1. LAB MEDIA 57699fig4.jpg, Editor, add in the panels one at a time. Then at the top of the figure add in ‘Replicate Plates from Cell Debris S7’  
8. Conclusion (said by authors on camera)

8.1. Emma Hernandez-Sanabria: After its development, this technique will pave the way for researchers in the field of nutrigenomics and pharmacomicrobiomics to explore the impact of microbial communities on host-surface signaling.
8.2. Marta Calatayud: Following this procedure, other methods like transcriptomic or metabolome analysis can be performed to obtain mechanistic explanations of successful colonization events reported on the gut interface. 
8.3. Marta Calatayud: After watching this video, you should have a good understanding of how to establish a complex in vitro model representative of the digestive processes, including the cross talk between the host cells and the resident microbiome. 
8.4. Emma Hernandez-Sanabria: Don't forget that working with pathogenic bacteria can be extremely hazardous and biosafety precautions 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.  

LAB MEDIA 57699fig1.jpg
LAB MEDIA 57699fig2.jpg

LAB MEDIA 57699fig3.jpg
LAB MEDIA 57699fig4.jpg
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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