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SUMMARY

This protocol describes the application of breath testing and ex vivo fermenta-
tions to study the association between breath methane and the composition
and functionality of the gut microbiome. The protocol provides a useful systems
biology approach for studying the gut microbiome in humans, which combines
standardized methods in human breath testing and fecal sampling. The model
described is accessible and easy to repeat, but its relative simplicity means
that it can deviate from human physiological conditions.

BEFORE YOU BEGIN

Prior to commencing the protocol, recruit healthy adult participants using health screening and
breath testing. This should only be done after ethics approval from the appropriate institution.
Next, prepare fecal collection kits. These will be used to collect fecal samples from participants
for inoculating the ex vivo fermentation model. Finally, prepare the solutions and standards for
the sulfide assay, and set up the apparatus for the ex vivo fermentation model.

Recruit participants
O Timing: 2-4 weeks

1. Participant recruitment
a. Distribute a recruitment letter, poster, or email to the locality
b. On expression of interest, provide participants with detailed study information
c. Ask interested participants to provide informed consent
2. Health screening
a. Ask participants to complete an online health screening questionnaire
i. Review study inclusion and exclusion criteria to confirm eligibility
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Figure 1. The fecal collection kit provided to participants

ii. Collect additional metadata including age, ethnicity, gender, height, and bodyweight (to
calculate BMI), and frequency and quality of bowel movements according to the Bristol
Stool Chart (Lewis and Heaton, 1997)

3. Breath testing
a. Fast participants for 12 h
b. Collect a sample of alveolar air using an AlveoSampler kit

i. The participant breathes into the 400 mL discard bag which collects “dead space” air from
the airway passages at the end of the previous inhalation

ii. When the discard bag is full, within the same breath, draw open a syringe attached to the
mouthpiece to collect 30 mL of alveolar air

c. Analyze samples within 1 h of collection OR transfer the alveolar air from the collection syringe
into a sample holding bag which provides seven days of sample stability

i. Analyze samples for methane, hydrogen, and carbon dioxide on a Quintron Breathtracker

ii. Use the carbon dioxide concentration to check for atmospheric air contamination

Note: Consider participants excreting > 5 ppm methane as high methane excreters, and
those excreting < 5 ppm as low methane excreters (Rezaie et al., 2015).

4. Metadata collection: Provide participants with a three-day food and hydration diary to complete
prior to fecal sample collection.

Note: The validated resource guide for dietary assessment by the Food and Agriculture Or-
ganization of the United Nations provides a useful template, including details of meals,
snacks, and drinks, the time and location of consumption, food or drink type, mass, weight
or volume, preparation method and brand, and details of dietary supplements (FAO, 2018).

Ask participants to record whether this is representative of their typical diet over the last three
months and, if the answer is no, to describe how these three days differ.

Prepare fecal collection kits
® Timing: 1 h

This method is based on the International Human Microbiome Standards Protocol “IHMS_SOP 02
V2" with minor modifications (Dore et al., 2015).

5. Arrange the following items in a cool box (Figure 1)
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Figure 2. The Fisherbrand Commode Specimen Collection System used for safe and efficient collection of fecal
samples (image credit: Fisher Scientific)

Fisherbrand Commode Specimen Collection System (Figure 2) lined with a plastic bag
. An anaerobic sachet

3 mL water for sachet activation

. Gloves

. Anice pack

A plastic bag

Q@ "o Q0 T W

. Kit usage instructions (as follows)

i. The participant provides the sample at home inside the plastic bag lining the Specimen
Collection system

ii. Fold the plastic bag closed, but not sealed

ii. Place the anaerobic sachet on top, and activate by adding the water

iv. Seal the Specimen Collection System container immediately

v. Place the sealed Specimen Collection System container inside the cool box with the ice
pack and collect or deliver to the research facility within 1 h of defecation

Prepare solutions and standards for sulfide assay
® Timing: 4 h
Prepare solutions and standards for the sulfide assay and plot the calibration curve.

. Prepare 2% zinc acetate solution with distilled water.
. Prepare 0.2% 4-amino-N,-N-dimethylaniline HCl; in 20% H,SO, (diamine solution).
. Prepare 0.5% FeNH4(SO4); in 2% H,SO, (Fe solution).
. To generate sulfide standards:
a. Select sodium sulfide nonahydrate crystals (Na,S-9H,0) with plastic tweezers
b. Under nitrogen gas flow, wash with degassed water and blot dry
c. Immediately transfer to a stoppered weighing bottle containing 5-10 mL degassed reagent
water

O 00 N O

d. Repeat until the desired amount of sodium sulfide is prepared
e. Use this to prepare a known concentration of sulfide stock solution

STAR Protocols 2, 100227, March 19, 2021 3
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Figure 3. Diagram of the setup of ex vivo fermentation bottles (created with BioRender.com)
Treatment 1 (negative blank): 5 mL fecal inoculum and 5 mL anaerobic sodium phosphate buffer.
Treatment 2 (positive blank 1): 10 mL anaerobic sodium phosphate buffer and 100 mg substrate 1.
Treatment 3 (positive blank 2): 10 mL anaerobic sodium phosphate buffer and 100 mg substrate 2.
Treatment 4: 5 mL fecal inocula, 5 mL anaerobic sodium phosphate buffer and 100 mg substrate 1.
Treatment 5: 5 mL fecal inocula, 5 mL anaerobic sodium phosphate buffer and 100 mg substrate 2.

f.  Analyze stock solutions as detailed from “Sample analysis” 6¢
g. Use data to plot a calibration curve

Note: 7.5 g NayS-9H,0 in 1 L water will give a stock solution with a concentration of 1 mg 57/
mL.

Note: Sodium sulfide crystals are susceptible to oxidation, hence the washing step is used to
remove the oxidized layer. Yellow deposits on the crystals indicate oxidation to elemental sul-
fur. Colored flecks on the surface indicate metal sulfide contamination.

00 Pause Point: Sulfide standards can be prepared later in the protocol after the ex vivo fer-
mentations, prior to the analysis of sulfide samples.

Set up ex vivo fermentation model
®© Timing: 4 h

10. Weigh 100 mg fermentation substrate into 50 mL sterile serum bottles in duplicate
a. Include positive blanks as well as test substrate treatments (Figure 3)
b. Set aside empty sterile serum bottles for negative blanks
11. Prepare 1 L sterile sodium phosphate buffer (0.2 M)
c. Include resazurin (1 mg/L) as a marker of oxygen presence
12. Place serum bottles and sodium phosphate buffer into the anaerobic workstation at least 24 h
before the experiment is due to commence.

Note: Resazurin will appear blue initially; once it begins to reduce it will appear pink. When it is
fully de-oxygenated it will be colorless. This is when the buffer is ready to use Troubleshooting
Problem 1.

Note: Use one set of duplicate 50 mL serum bottles for each sampling time point (six time
points). Sampling should not remove more than 2.5% of the total working volume of the
fermentation to avoid impacting the physiochemical conditions of the fermentation (Yen
etal., 2015). When this is not possible with small scale fermentations and multiple time points,
replicates for each time point are employed.
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Note: Ensure the temperature of the anaerobic workstation is set to 37°C. Adding buffer to
the workstation at least 24 h in advance allows for deoxygenation and pre-warming.

Optional: The minimum number of serum bottles required for the ex vivo model is 16 (nega-
tive blanks of fecal inocula only). Each substrate requires an additional 24 bottles (including
positive blanks at the start and end of the experiment), assuming that all treatments are
completed in duplicate (Table 1). The number of substrates, time points, and replicates can
be modified to optimize the scale of the work.

Table 1. Setup of fermentation bottles by time point and treatment for two test substrates (64 bottles total)

Treatment
Treatment 1: Treatment 2: Treatment 3: Treatment 4: Treatment 5:
negative blank substrate 1 substrate 2 substrate 1 + substrate 2 +
Time point (h) (inoculum only) positive blank positive blank inoculum inoculum
0 XXXX XXXX XXXX XXXX XXXX
3 XX XX XX
6 XX XX XX
12 XX XX XX
24 XX XX XX
48 XXXX XXXX XXXX XXXX XXXX

Each X indicates 1 serum bottle. This includes 16 negative blank bottles, plus 24 additional bottles per substrate (positive
blank and test treatment including fecal inocula). Two additional replicates are included at 0 h and 48 h for the quantification
of dry matter and organic matter.

KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER
Chemicals, peptides, and recombinant proteins

Sodium phosphate monobasic anhydrous ~ Sigma 71496
Sodium phosphate dibasic heptahydrate Sigma $9390
Resazurin Sigma R7017
L-Cysteine Sigma 168149
Zinc acetate Merck 383317
Sodium sulfide nonahydrate crystals Merck 208043
4-Amino-N, N-dimethylaniline HCI, Sigma/Supelco 07750
H,SQOy4 (sulfuric acid) Sigma 258105
FeNH4(SO4), (ammonium iron sulfate) Merck 221260
N-Methyl-N-(trimethylsilyl)- Sigma/Supelco 69479
trifluoroacetamide (MSTFA)

RNAlater stabilization solution Merck RO%01

Critical commercial assays

RNeasy Mini Kit QIAGEN 74104

NucleoSpin Soil Kit Fisher Scientific 12718562

Software and algorithms

R and R packages; Edge R, MixOmics, R Foundation for Statistical http://www.r-project.org/

GenoPlotR, Tidyverse, Pheatmap Computing, 2013

MetaboAnalyst Chong et al., 2019 https://doi.org/10.1002/cpbi.86

SIMCA Sartoruis, Germany, 2020 https://landing.umetrics.com/downloads-
simca

SAS SAS Institute Inc., 2020 https://www.sas.com/en_nz/software/
university-edition.html

SortMeRNA Bonsai bioinformatics https://bioinfo.lifl.f/RNA/sortmerna/

PEAR Heidelberg Institute for https://cme.h-its.org/exelixis/

Theoretical Studies web/software/pear/

(Continued on next page)
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REAGENT or RESOURCE
Megan

Diamond

Prodigal
Kraken
Vizbin
MaxBin
Fast QC

Trimmomatic

SOURCE

Universitat Tubingen

Universitat Tubingen

University of Tennessee

John Hopkins University
Cedric Laczny

Yu-Wei Wu

Babraham Bioinformatics

The Usadel Lab

IDENTIFIER

https://uni-tuebingen.de/fakultaeten/
mathematisch-naturwissenschaftliche-
fakultaet/fachbereiche/informatik/
lehrstuehle/algorithms-in-bioinformatics/
software/megané/
https://uni-tuebingen.de/fakultaeten/
mathematisch-naturwissenschaftliche-
fakultaet/fachbereiche/informatik/
lehrstuehle/algorithms-in-
bioinformatics/software/diamond/
http://gensoft.pasteur.fr/docs/prodigal/
2.50/_README

https://ccb.jhu.edu/software/kraken/
http://claczny.github.io/VizBin/
https://sourceforge.net/projects/maxbin/
https://www.biocinformatics.
babraham.ac.uk/projects/fastqc/
http://www.usadellab.org/cms/?
page=trimmomatic

IBDA-UD The University of https://i.cs.hku.hk/~alse/hkubrg/
Hong Kong projects/idba_ud/
Bowtie2 John Hopkins University http://bowtie-bio.sourceforge.net/
bowtie2/index.shtml
SAMSA2 Samuel Westreich https://github.com/transcript/samsa2
Other

Anaerobic sachets

Fisherbrand Commode specimen

collection system
AlveoSampler kit
Anaerobic workstation

QuinTron Breathtracker
Exetainer vials 5.9 mL

QuinTron Sample Holding Bag

Merck
Fisher Scientific

QuinTron
Don Whitley Scientific

QuinTron
Labco
QuinTron

113807
02544208

QT00827-P

https://www.dwscientific.com/
whitley-anaerobic-workstations/
whitley-a85-workstation

QT05000-M
818W
QT00842-P

STEP-BY-STEP METHOD DETAILS

Prepare fecal inocula

O Timing: 1 h

Receive the fecal sample from the participant, take aliquots for later DNA extraction and combine

remaining fecal matter with sodium phosphate buffer to produce a 16% w/v inoculum for ex vivo

fermentation experiments.

1. Immediately transfer the sample to the anaerobic workstation
a. Partition five aliquots of 0.5 g feces into 2 mL cryovials and freeze immediately at —80°C (for

DNA extraction)

2. Transfer 96 g of the remaining sample into a sterile sample collection pottle
a. Add 300 mL sterile pre-reduced sodium phosphate buffer

b. Seal the pottle with a Teflon-coated magnetic stirrer bar inside and gently mix on a magnetic

stirrer plate for 5 min in anaerobic conditions

A CRITICAL: Treat unscreened fecal samples as potentially infectious. Handle under strict
Physical Containment 2 procedures. Wear double-gloves, a face mask, and eye protec-

tion always. Clean surfaces thoroughly with 75% ethanol.
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Note: This will produce an inoculum of 32% w/v.

Note: Gentle stirring helps to homogenize the inoculum. Avoid vigorous stirring, which can

reduce methanogen viability.

c. Strain the inoculum through a double layer of cheesecloth with 16 threads per cm in both di-
rections, within the anaerobic workstation

Note: This method of filtration helps to ensure that the inoculum contains both attached and
unattached microorganisms (Williams et al., 2005).

Prepare fermentation bottles
® Timing: 1 h

Add the fecal inocula and the sodium phosphate buffer to the serum bottles to begin the
fermentations.

3. In the anaerobic workstation, add 5 mL sodium phosphate buffer to all serum bottles; add an
additional 5 mL sodium phosphate buffer to positive blanks.

4. Add 5 mL fecal inoculum to all serum bottles containing test substrates, and to the negative
blanks (final concentration 16% w/v inocula).

5. Seal the serum bottles with a rubber bung and crimp cap.

6. Remove from the anaerobic workstation and immediately transfer to a shaking incubator at 37°C
and 50 rpm.

Note: Each fermentation bottle contains 10 mL fluid in total with 40 mL headspace.
Harvest fermentation bottles
® Timing: 48 h

At the following time points (hours of fermentation), harvest one set (duplicate) of bottles; 0, 3, 6, 10,
24, and 48 for sampling.

7. Remove the harvested bottles from the incubator and immediately transfer to a water bath at 37°C.
8. Use a gas pressure probe to measure the gas pressure in the bottle, via a needle through the
bung. Troubleshooting Problem 2

Note: Before the experiment, calibrate the pressure probe by injecting air into a 50 mL serum
bottle with 10 mL water inside. Inject known volumes of air and measure the probe with the
pressure to create a calibration curve. Conduct the calibration at 37°C. Use the calibration
curve to calculate mL of gas produced.

9. Remove 2 mL headspace gas using a syringe and inject into a 5.9 mL Exetainer vial for later GC
analysis of hydrogen and methane.

10. Remove 0.6 mL fermentation fluid from all bottles except those for dry matter and organic mat-
ter quantification
a. Inject 0.5 mL into a five-times volume of RNAlater Stabilization Solution
b. Inject 0.1 mL into a 1.5 mL Eppendorf tube containing 1 mL zinc acetate solution (2%) (for

sulfide determination)

c. Mix each sample and freeze at —80°C

11. Plunge samples into an ice water bath for 20 min to slow bacterial activity (Feng etal., 2018; War-
ren et al., 2018).

STAR Protocols 2, 100227, March 19, 2021 7
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12. Use a pH probe to measure and record the pH of the samples. Troubleshooting Problem 3
13. Transfer samples to 15 mL centrifuge tubes
a. Centrifuge at 6,750 x g for 15 min at 4°C
. Remove two aliquots of 1.5 mL supernatant for later metabolite profiling
Centrifuge the remaining supernatant at 24,000 x g for 10 min at 4°C
. Aliquot the remaining supernatant into 1.5 mL fractions
Homogenize the pellet with a spatula and split into two equal aliquots

-0 a0 O

Freeze all samples at —80°C

00 Pause Point: Analyze samples for sulfide determination within 3 months of collection to
minimize the loss of sulfide

Sample analysis
O® Timing: 8-12 weeks

Prepare samples for the following analyses; metagenomics, metabolomics, metatranscriptomics,
organic acids, headspace gases, sulfide, dry matter, and organic matter.

14. Extract DNA from the fermentation pellet and fecal aliquots and conduct whole-genome sequencing
a. Use the NucleoSpin Soil kit following the manufacturer’s instructions with the addition of a
bead-beating step for 4 min to extract DNA from the samples (BioSpec Mini-Beadbeater
96, Bartlesville, OK, United States) (Young et al., 2020)
b. Prepare libraries using the lllumina TruSeq DNA PCR-free kit
c. Sequence DNA on an lllumina MiSeq with 24-30 million paired-end reads per run (read
length 2 x 150 base pairs), and output of 3-4.5 gigabytes per run

15. Analyze one set of supernatant samples by Liquid Chromatography-Mass Spectrometry (LC-MS)
and Gas Chromatography-Mass Spectrometry (GC-MS) to determine the relative abundance of
all detectable metabolites.

For LC-MS (Vanden Bussche et al., 2015):

a. Thaw supernatant samples and centrifuge at 13,300 x g for 5 min

b. Syringe filter sample through a 13 mm diameter, 0.22 um pore size Polyvinylidene Fluoride
filter

c. Dilute sample 1:5 with ultrapure water

d. Run sample through the LC-MS with an HSS-T3 C18 column (1.8 pm, 150 mm X 2.1 mm)

Note: This is a reversed-phase column which will not retain highly polar molecules, allowing
semi-polar and non-polar molecules to elute for MS analysis.
e. Runthe mass spectrometer in polarity switching mode, with sheath, auxiliary and sweep gas
at 50, 25, and 5 arbitrary units, respectively
i. Set the heater and capillary temperatures to 350°C and 250°C
ii. Setthe tube lens, skimmer, capillary, and spray voltages to 60V, 20V, 90V, and 5kV (+),
respectively
iii. Apply a scan range of m/z 50—800, and a resolution 100 000 FWHM at 1 Hz
For GC-MS (Farag et al., 2020):
To 200 pL sample, add 800 pL of acetonitrile/methanol (1:1 v/v) mixture
Incubate at 4°C for 30 min
Centrifuge sample at 12,000 x g for 4 min

> ™

i. Take 100 pL of the sample, and evaporate to dryness under a stream of nitrogen
j- Add 150 pL N-methyl-N-(trimethylsilyl)-trifluoroacetamide to the residue and incubate at
60°C for 40 min

8 STAR Protocols 2, 100227, March 19, 2021
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k. Run the samples on the GC-MS using an Rtx-5MS column (30 m length, 0.25 mm inner diam-
eter, and 0.25 pm film)

|.  Setinjections to a 1:15 split mode

m. Set the injector at 280°C, column oven at 80°C for 2 min, rate 5°C/minute until 315°C, then
maintain for 12 min

n. Use Helium as the carrier gas at 1 mL/minute

o. Set transfer line and ion-source temperatures to 280°C and 180°C, respectively

16. Extract total RNA from the fermentation fluid stored in RNAlater Stabilization Solution and
conduct RNA-seq analyses
a. Use the RNeasy Mini Kit to extract total RNA from samples, according to the manufacturer’s
instructions
b. Prepare libraries using the lllumina TruSeq Stranded mRNA library preparation kit
c. Analyze mRNA on an Illlumina Miseq generating short-read data, with 44-50 million paired-
end reads per run (read length 2 X 75 base pairs), and an output of 3-3.8 Gigabytes per run
17. Analyze gas samples on a GC fitted with a TCD to measure hydrogen and methane concentra-
tion.
18. Prepare one set of supernatant samples according to the referenced protocol (Richardson et al.,
1989) for analysis of organic acids using a GC-FID.
19. For the sulfide assay:
a. Thaw frozen samples
. Add 0.1 mL sample to 1 mL distilled water
Add 0.1 mL diamine solution and 0.1 mL Fe solution and mix
. Stand for 10 min at 21°C-27°C
Read and record the optical density (ODg70) Troubleshooting Problem 4

® a0 T

Note: The rate of air-water transfer of sulfide and the final equilibrium are affected by both
temperature and pH. If samples differ in either of these factors, a calculation to account for
variances in dissociation and emission can be used (Yongsiri et al., 2004).

20. For entire fermentation samples kept for dry matter and organic matter quantification:
a. Dry the total fermentation (supernatant and pellet) to a constant temperature in an oven at
103°C to determine the dry matter content (ISO 6496 1999)
b. Ash the dry matter samples in a furnace at 550°C to determine organic matter content (ISO
5984 1978)

Note: Only time points from the start and end of the fermentation need to undergo dry matter
and organic matter quantification (0 and 48 h).

Optional: Nuclear Magnetic Resonance Spectroscopy (NMR) may be used as an initial
screening tool for differences in metabolites occurrence. It can inform the targeting strategy
for LC-MS and GC-MS analyses. The fermentation supernatant is suitable for solution-state
NMR. After freeze-drying, the fermentation pellet is suitable for solid-state NMR analysis
which can indicate changes in the chemical composition of the test substrates used.

EXPECTED OUTCOMES

Gas pressure, pH, and dry matter and organic matter changes are all measures to validate the occur-
rence of microbial fermentation in the model.

The starting pH of the fermentation is approximately 6.5. In positive blank treatments, the pH should

remain similar throughout the fermentation, and there should be little or no change in gas pressure.
This indicates that little or no fermentation is occurring. In the negative blank treatments, there may
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be some initial fermentation which may be observed by a drop in pH and an increase in gas pressure
from 0-6 h but there should be little change from 6-48 h. In the test substrate treatments, the change
in pH and gas pressure will depend on the fermentability of the substrate. For fermentable carbohy-
drates, expectan increase in gas pressure and a drop in pH for the first 24 h, followed by a pH plateau
by 48 h. The pH may drop to <6 if the rate and extent of fermentation are large.

In the positive and negative blank treatments, there should be little or no change in the quantities of
dry matter or organic matter. However, the substrate test treatments should show a reduction in dry
matter and organic matter as the substrates are fermented by the microbe’s present.

The DNA extraction method described yields 5-10 ng/pL DNA for both stool and fermentation pel-
let samples.

QUANTIFICATION AND STATISTICAL ANALYSIS

Metadata

Enter all data into a database using a unique ID number for each participant. Handle personal data
with strict care to comply with privacy and confidentiality guidelines.

Check food and hydration records for completeness, and approach participants to complete any records
where further information is required and available. Records should be considered suitable or unsuitable
for analysis based on the completeness and quality of the data present. Check data for outliers and
extreme values, and review on a case-by-case basis. Generate compositional data for food and drink us-
ing a national Food Composition Database. Analyze data by indices that assess the impact of dietary
nutrient content (e.g., dietary fiber, protein, fat) and those that represent dietary pattern analysis (e.g.,
consumption of whole foods, fruits, and vegetables, red meat, seafood, and diet diversity etc.). Conduct
association analyses between the metadata and metagenomic taxonomic data.

Metagenomics

Quality check

Check the quality of the libraries using Fast QC (Babraham Institute, 2019). Trim reads and remove
adapters using Trimmomatic (Bolger et al., 2014).

Assembly

Conduct mini co-assemblies using the De Brujin graph assembly approach in IDBA-UD (Peng et al.,
2012). Use Bowtie2 to map unassembled reads against the assembly to generate the differential
abundance profiles for each contig (Langmead and Salzberg, 2012).

Binning

Bin the data using MaxBin with a minimum contig size of 1,000 base pairs (Wu et al., 2014). Import
data into Vizbin and project a t-SNE plot using coverage per contig (using 20 k contig fragments)
(Laczny et al., 2015). Use these plots to re-define the boundaries of bins or identify contigs which
should be excluded from the dataset.

Taxonomy
Use the profiling tool Kraken to match the DNA to reference databases using a k-mer search (Wood
and Salzberg, 2014).

Gene prediction and annotation

Use the Prodigal tool to predict gene sequences (Hyatt et al., 2010). Run Diamond to annotate pro-
tein sequences with gene identities using a BLAST against the UniProt database (Bateman, 2019;
Buchfink et al., 2014). Use Megan to extract taxonomy information from the annotations, and build
a taxonomic and functional overview using the Lowest Common Ancestor method (Huson et al.,
2007).
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Visualization

Use the following packages in R to import and visualize the data; GenoPlotR, Tidyverse and Pheat-
map (Guy et al., 2011; Kolde, 2019; R Core Team, 2019; Wickham et al., 2019). Compare the differ-
ential abundance and potential functionality of operational taxonomic units between substrates and
methane phenotype.

Metabolites

Visualize metabolomic data using PCA plots in MetaboAnalyst (online tool, (Chong et al., 2019))
and/or SIMCA (Sartorius, Germany). Analyze data by differential expression between substrates
and methane phenotype.

Analyze gas production data, sulfide assay data, and organic acids data by the PROC MIXED method
in SAS.

Metatranscriptomics

Use the SAMSAZ pipeline to process data (Westreich et al., 2018); merge paired-end reads using
PEAR (Zhang et al., 2014). Remove low-quality reads using Trimmomatic (Bolger et al., 2014). Re-
move rRNA reads using SortMeRNA (Kopylova et al., 2012). Annotate data using Diamond with
the NCBI RefSeq database and the CAZy database (Buchfink etal., 2014; Lombard etal., 2014; Pruitt
et al., 2007). Conduct differential expression analysis according to substrate and methane pheno-
type in the package edge R (Robinson et al., 2009). Visualize data using Pheatmap (Kolde, 2019).

Data integration

Combine the metagenomic, metatranscriptomic, and metabolomic data using an integrative multi-
omics approach. Conduct visualization and exploration of the datasets, network analysis, and canon-
ical correlations in the R package MixOmics (Rohart et al., 2017).

LIMITATIONS

The relative simplicity of the model means that it can deviate from human physiological conditions.
The mostly unregulated changes in pH, redox potential, and community structure mean that condi-
tions can deviate with regards to metabolite concentrations and pH. Furthermore, the model cannot
account for the interactions between the gut microbiota and host cells.

The model provides a good screening tool for the interaction between host and dietary factors, but
the generalizations that can be made about human microbiome function are limited without further
in vivo trials.

TROUBLESHOOTING

Problem 1
The resazurin in the buffer remains blue or pink and does not turn colorless.

Potential solution
If the resazurin remains blue, no reduction has occurred. Agitate the buffer in the anaerobic worksta-
tion, using a magnetic stirrer plate or by shaking, to encourage the buffer to reduce.

Alternatively, use oxygen-free nitrogen and bubble it through the buffer. Once the color turns pink,
add 0.5 g/L L-cysteine to the buffer inside the anaerobic workstation, and mix. It will act as a reducing
agent to complete deoxygenation and turn the resazurin colorless.

Problem 2
The gas pressure in the fermentation bottles does not accumulate.
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Potential solution
Check that the gas probe was calibrated at 37°C. Temperature change alters the volume of the gas.

Ensure that the samples are transferred from the incubator to the water bath swiftly, and that they are
both at the same temperature (the purpose of the water bath is to keep samples at a consistent
temperature).

Check that bungs are secure in the serum bottles and the crimp cap is fitted well. Submerge a serum
bottle under water and see if any gas bubbles appear.

Problem 3
The pH of the samples drops below 5.5 which can be unrepresentative of human colonic conditions.

Potential solution
Check the pH of the starting buffer. Ensure that it is approximately pH 6.5. If itis too low, add NaOH.

If gas is used to deoxygenate the buffer, re-check the pH afterwards. Use nitrogen rather than carbon
dioxide for deoxygenation.

Problem 4
Solutions have high turbidity, which affects the spectrophotometric reading.

Potential solution
Clarify the sample by centrifugation at 12,000 X g for 3 min after color development (Strocchi et al.,
1992).

RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources and reagents should be directed to and will be ful-
filled by the Lead Contact, Laura Payling, |.payling@massey.ac.nz.

Materials availability
This protocol does not require new unique reagents or any other materials that have restricted
availability.

Data and code availability
No datasets have yet been generated. All code described is publicly available and referenced within
the manuscript.
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