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Authors, please fill out the brief questionnaire below.   
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____No_____  

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

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: _______Not applicable.

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.)
Step:

2.1 and 2.2
3.2

3.4

3.5

3.6

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? 
Acquiring enough animals for the experiment that are born within a week of each other and the correct genotype.

Make sure enough females are used for breeding, and that step 1.2 is followed to give the best success. Also, often the pups per litter estimate is high. It is helpful to know average pups per litter in order to estimate the numbers of female breeding animals that are needed. 
More detail—not in the protocol though.

Further, occasionally genetically manipulated mouse lines do not follow the principles of Mendelian inheritance. For example, Tcf4Het inheritance does not follow classical inheritance patterns, likely due to an effect of the mutant allele in the egg. To avoid this issue, males are used primarily for breeding since Mendelian inheritance from the male is similar to the classical pattern. 
E.  Will the filming need to take place in multiple locations? (Y/N) ___Yes____ If yes, how far apart are the locations? _____________About a mile_____

1. Introduction 
A. Experimental Goal: (read by voice talent at JoVE)
The main goal of this publication is to present a method for normalizing the microbiome of rodents. In this demonstration, the effect of environmental enrichment on the microbiome is assayed during colon tumorigenesis. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Melinda Angus-Hill: This protocol shows how normalizing the microbiome, prior to an environmental enrichment intervention, improves experimental reproducibility.
1.2. Julio Hidalgo: We also show how to reduce animal stress and improve animal interactions using an enriched environment.

1.3. Olivia Crowley: Although we have focused on the effect of environmental enrichment in a colon tumor model, the method can also be applied widely to better understand the microbiome’s role in the etiology of disease.
E.  Ethics title card: 
1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Utah.
Protocol: (read by voice talent at JoVE)
2. Environmentally Enriched Cage Set Up
2.1. Set up the cages under sterile conditions, working under a ventilated hood. [1.WID]  The controls for this experiment consist of conventional cages [1.MED] with bedding and lab tissue for nesting, but otherwise lack enrichment devices. [2.CU]
2.1.1. Establishing shot of talent at hood setting up control cages
2.1.2. Loading control cages with bedding
2.1.3. Adding tissues to a control cages (bedding material)
2.2. To set up the pup-rearing or environmentally enriched cages, [1.WID] connect two large autoclaved cages with a sterilized, grommet-secured tunnel, [2.MED] and include a sterilized platform in each cage to increase floor space.  [3.MED]
2.2.1. Talent laying out the two cages for pup rearing and EE set up, adding bedding to cages
2.2.2. Adding connecting tunnel between two cages for pup-rearing and EE
2.2.3. Adding platforms to each cage for pup-rearing and EE
2.3. For EE, also provide sterilized running wheels, tunnels, [1.CU] igloos, huts, crawl balls, and nesting material. [2.MED]
2.3.1. Setting up wheels, etc. in one of two cages in EE set up
2.3.2. As above, loading the 2nd cage, shows how complex the environment becomes
2.4. Place both the enriched and the control cages in the same rack to provide equal ventilation. [1.MED]
2.4.1. Demonstrating how EE cages and control cages can fit on a rack together
2.5. For breeding, combine one sire and two potential dams in normal cages. [1.MED]  
2.5.1. Setting up breeding groups in standard cages
2.6. Every morning, check for vaginal plugs, [1.WID] which indicate that the animal has mated during the night.  [2.CU] If a plug is not seen, resistance to vaginal probing can detect an internalized plug. [3.CU]
2.6.1. Talent taking cages with breeding animals off rack 
2.6.2. Checking females for plugs
2.6.3. Probing a female to check for internalized plug
2.7. If a female has a vaginal plug, transfer her to a large pup-rearing cage.  [1.MED] Up to 12 pregnant dams can be housed in the environmentally enriched cages with platforms, [2.CU] provided they are all expected to deliver during the same week. [3.CU]
2.7.1. Loading female into EE pup-rearing cage with others
2.7.2. View through wall of EE pup-rearing cage, showing mouse being loaded into cage with other mice in the cage
2.7.3. Overview a EE pup-rearing cage, showing many pregnant females situated throughout the cage 
2.8. When the pups are 21 to 28 days old, distribute the males and females, [1.MED] by genotype, into control environments or enriched environments. [2.CU] Make sure to keep equal proportion of each genotype in each cage. [3.CU]
2.8.1. Picking pups out of EE the pup-rearing cage
2.8.2. Loading pups into new EE cage
2.8.3. Loading pups into a control cage
2.9. Non-enriched cages can support up to five mice.  Whereas, enriched cages require at least 20 mice for social stimulation, and can support up to 41 mice.  [1.LM]
2.9.1. Table 2
3. Stool Collection at 16 Weeks of Age
3.1. Start collecting stool one or two days before euthanizing the mice.  [1.WID]  Always collect at the same time of day.  [2.MED]
3.1.1. Establish talent taking cages down from rack
3.1.2. Opening lid of cage to access mice
3.2. To collect stool from live animals, carefully scruff the animal over a clean cage. [1.CU] Then, collect the defecated stool using sterile forceps and transfer it to a sterile microfuge tube. [2.ECU]
3.2.1. Scruffing a mouse

3.2.2. Collecting the defecation of the scruffed mouse into a tube, as described with forceps
3.3. If an animal does not immediately defecate, place it into a clean cage [1.MED] and wait for the animal to defecate, which can take up to an hour. [2.CU-TXT]
3.3.1. Scruffed animal not defecating, talent places it into a clean cage
3.3.2. Cage with lone animal and defecation(s), TEXT: ≤ 1 h
3.4. To collect stool from a euthanized animal, [1.MED] dissect it to access the colon. Then, cut the colon just below the cecum and lay the colon out on a piece of filter paper.  [2.ECU]
3.4.1. Establish talent with euthanized animal, in process of dissection
3.4.2. Accessing colon, removing it from animal onto filter paper
3.5. Then, use forceps to lift the top of the colon tube and [1.ECU] open the lumen using scissors. Cut longitudinally, distal to proximal, to splay open the colon lengthwise. [2.CU]
3.5.1. Picking up end of colon with forceps
3.5.2. Opening the colon by cutting along it and then splaying it out
3.6. Then, collect stool from the distal colon into a sterile microfuge tube using sterile forceps. [1.ECU] Store the stool samples -80 ºC. In addition to the stool, [2.CU-TXT] collect other tissue samples from the colon and small intestine, microsomes, adipose tissue and so forth. [3.MED]
3.6.1. Scrapping the stool out of the intestines
3.6.2. Adding the stool to tube and capping tube when finished collecting stool, TEXT: Store at -80 ºC
3.6.3. Taking other tissue samples from dissected animal, storing them into tubes
4. Processing gDNA from the Stool
The step-by-step instructions on how to use the kit will remain in the text protocol, but given length restrictions to the video, we will not show those steps here.  The video is abstraction of the text and not actually subject to review.  We actually have a lot of freedom in creating the video, provided it shows appropriate animal care. 
4.1. Utilize a commercial kit to isolate microbial DNA from the stool [1.WID] following a stool pathogen detection protocol. [2.MED-TXT] When doing so, transfer the samples from the -80 ºC freezer on dry ice and weigh them.  [3.MED]
4.1.1. Talent unpacking kit components
4.1.2. Detail of kit components being laid out in orderly fashion on bench, TEXT: See the text protocol for details.
4.1.3. Arriving to scale with sample on dry ice, transferring to boat of dry ice on the scale and recording mass of sample
4.2. Next, set up a PCR that amplifies the microbial DNA, as described in the text protocol. [1.MED-TXT] Then, clean up the reaction products using magnetic beads. [2.CU]
4.2.1. Setting up the reaction tubes for the PCR, TEXT: See the text protocol for details.
4.2.2. Removing the PCR plate from the machine after completing the reaction
4.3. For the clean up, first briefly centrifuge the amplicon PCR plate [1.MED-TXT] to pool the reaction products. [2.ECU]
4.3.1. Loading the PCR plate into the plate spinner, starting cycle, TEXT: 1,000 x g, ~ 1 min 
4.3.2. Detail of the PCR chambers in plate after spinning, solution entirely at bottom of chambers
4.4. Next, vortex the magnetic beads to evenly disperse them [1.CU] and transfer 20 µL aliquots to each reaction well.  Mix the beads with the solution thoroughly [2.MED] by pipetting the entire volume slowly, 10 times. Then let the beads settle for 5 minutes. [3.CU-TXT]
4.4.1. Vortexing the stock tube of beads
4.4.2. Transferring aliquots of beads into PCR wells
4.4.3. Pipetting the content of a well to mix, TEXT: 5 min to settle
4.5. Next, place the PCR plate on a magnetic stand and wait 2 minutes [1.MED-TXT] for the supernatants to clear following magnetic collection of beads. [2.ECU]  Then, remove and discard the supernatants. [3.CU]
4.5.1. Placing the plate on the magnetic stand, TEXT: 2 min
4.5.2. Detail of well content becoming clear over the two minutes
4.5.3. Detail of pipette entering well and removing the clear solution
4.6. Next, with the plate still on the magnet, fill each well of beads with 200 µL of fresh 80% ethanol and wait 30 seconds. [1.MED-TXT] Then, carefully remove the supernatant. Repeat this wash step [2.CU] once and let the beads air dry for 10 minutes.  [3.MED-TXT]
4.6.1. Adding aliquots of ethanol to the PCR well, now containing replicon-bound-beads, TEXT: 30 s
4.6.2. Removing the supernatants from the wells, discarding
4.6.3. Adding ethanol back to the PCR wells, TEXT: Dry 10 min
4.7. Now, elute the reaction products from the beads by removing the plate from the magnetic stand [1.MED] and adding 52.5 µL of Tris to each well. [2.CU-TXT] Completely mix the beads into solution by pipetting the entire volume slowly, 10 times. [3.ECU]
4.7.1. Transferring plate off of magnetic stand, loading the pipette with Tris
4.7.2. Adding Tris to each well, TEXT: 52.5 µL 10 mM Tris (pH 8.5)
4.7.3. Detail of mixing the well content using slow pipette strokes
4.8. Then, collect the beads on the magnetic stand, as before, [1.MED] and transfer 50 µL of the supernatant to a clean PCR plate.  [2.CU] Cover the plate with a clear adhesive and store it at -20 ºC for up to one week. [3.MED-TXT]
4.8.1. Transferring the plate onto the magnetic stand
4.8.2. Removing supernatants from the plate on stand 
4.8.3. Removing supernatants from the plate on stand and loading them into new plate, then covering plate with clear adhesive, TEXT: Store -20 ​ºC, ≤ 7 d
4.9. Use the collected supernatant to perform an index-PCR to attach barcodes to the adaptor sequence. [1.WID-TXT] Then, purify the products and prepare the indexed library for sequencing. [2.WID-TXT]
4.9.1. Any representative action of setting up the index-PCR, TEXT: See the text protocol for details.
4.9.2. Any representative action of performing the PCR purification, TEXT: See the text protocol for details.
5. Results: The Effect of Enhanced Environments on Microbiome Biodiversity  
(Editor: I split the VO for 5.1 into two because it was too long for a single sound bite. The LAB MEDIA instructions for 5.1.1 still apply for 5.1 and 5.1a)
5.1. In mice, environmental enrichment is known to improve lifespan and tumor wound repair. To define the role of microbiota in this phenotype, breeding animals were integrated into the mouse colony for at least one month, to normalize the microbiota.
5.1a. 
Then, they were bred and their progeny were raised in an enriched environment or a normal environment.  The progeny were also tumor-bearing or wild type.  After 16 weeks, the animals were euthanized and stool samples were collected to isolate microbial DNA [1.LM].  
5.1.1. Fig 1 – begin with showing just the left side of figure, at “They were then bred” begin panning to the right side of the figure, finish panning before the end of this narrative segment
5.2. Next, PCR was used to amplify the 16S ribosomal subunit in the samples to survey the microbiome components.  [1.LM] The reaction products were then identified using barcode indexing. [2.LM]
5.2.1. Fig 3A – no need to include the arrow to the side of the gel image
5.2.2. Fig 3C – no need to include the arrows to the side of the gel image
5.3. Interestingly, enhanced environments do not improve biodiversity in wild type animals, [1.LM] but they vastly increase biodiversity in tumor bearing animals.  This demonstrates the sensitivity of the method. [2.LM]
5.3.1. Fig 4 – highlight the pink line
5.3.2. Fig 4 – highlight the green line
5.4. This increase in biodiversity was attributed to an increased presence of the phylum Proteobacteria, [1.LM] with significant increases in the classes Alphaproteobacteria [2.LM] and Betaproteobacteria, [3.LM] and a decrease in pathogenic Gammaproteobacteria. [4.LM]
5.4.1.  Figure 5 – left graph, video editor: colorize the NE bars from light grey to light blue and colorize the EE bars from dark grey to dark orange, be sure to also colorize the key in the upper right (do this for all of fig 5 and fig 6 graphs)
5.4.2. Fig 5 – 2nd from left graph
5.4.3. Fig 5 – 2nd from right graph
5.4.4. Fig 5 – right graph
5.5. The largest increase in the Betaproteobacteria class was is the genus Sutterella, a likely commensal involved in secreted Immunoglobin-A degradation. [1.LM]
5.5.1. Figure 6
6. Conclusion (said by authors on camera)

6.1. Melinda Angus-Hill: After watching this video, you should have a good understanding of how to alter husbandry practices to normalize the microbiome between experimental animals prior to commencing with your interventions of interest.

6.2. Julio Hidalgo:  While performing this procedure, remember that animals have established their territory within the environment. Because of this, changes to their environment can cause stress that will affect the animal’s microbiome. A sudden change in animal behavior is a physical sign of stress. 
6.3. Olivia Crowley: Following this procedure, specific microbes can be isolated and further characterized to test the sufficiency of the identified microbe on disease progression.
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.

Please provide the separate graphs in Fig 5 as separate images and provide the two gel images in Fig 3 as two images.  Use the guideline above for file naming and format.
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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