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Abstract

The gut microbiome has many roles within the human body and that are known and speculated. One
role is regulating homeostasis within the gut, and another is regulating the inflammatory response
within the host human. The gut microbiome is the metabolic pathway for many different substrates
and metabolites. Using data from gutMGene that focused on the gut microbiome-chemical
interactions that occur in the human body a network was mapped out with Cytoscape to display the
most prominent substrates, bacteria, and metabolites within the human gut. Then using research
acquired from different articles and gutMDisorder | then accumulated data that showed the
relationship between bacteria dysbiosis and disease, | found the diseases that had the most
relationships with the gut microbiota from mapping the interactions in Cytoscape. This shows the
bacteria that are affected by diseases and whether they have an increasing interaction or a
decreasing interaction. This shows us that there is a relationship between the gut microbiome and
disease and allows us to see the bacteria that increased and decreased and seeing its connection to

chemicals | can see whether the gut microbiome affects inflammation within the gut.
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Introduction

This paper focuses on and examines gut microbiota-chemical interactions as well as gut microbiota-
disease-dysbiosis interactions between 19 different diseases. | used a bioinformatics software,
Cytoscape, to learn about the effects of the gut microbiome when looking at the bacteria and
chemicals that are metabolized and produced by specific gut microbiota as well as to see the

relationship between microbiota and specific diseases.

I had several objectives for this research project. My main objective was to do a bioinformatics study
with Cytoscape, to map the gut microbiota and their interactions with substrates, metabolites, and

diseases. The 19 diseases | focused on were specifically from the following articles



¢ Kho, Zhi Y., and Sunil K. Lal. “The Human Gut Microbiome — a Potential Controller of
Wellness and Disease.” Frontiers, Frontiers, 1 Jan. 1AD,
https://www.frontiersin.org/articles/10.3389/fmicb.2018.01835/full.

e Zhang, Yu-lie et al. “Impacts of gut bacteria on human health and
diseases.” International journal of molecular sciences vol. 16,4 7493-519. 2 Apr.
2015, doi:10.3390/ijms16047493

| then identified the two most prominent substrates, metabolites from one network and the two
diseases studied which had the most dysbiosis interactions with the gut microbiome from a second
network. There were two different software that were used for my research; Cytoscape was used to
map relationships between many different sources and targets. In order to gather and compile the
date to map it in Cytoscape, Microsoft Excel was used. Many databases were used, including The
Human Metabolome Database (HMDB), PubChem, Drug Bank Online, gutMGene, and gutMDisorder.
HMDB, PubChem, and Drug Bank Online were used to gather information about the most common
substrates and metabolites. gutMGene and gutMDisorder were used to gather information about

the bacteria-chemical interactions and microbiota-disease interactions respectively.

Methodology

Bacteria-Chemical Network
First, | started by gathering data from gutMGene; where | downloaded all of the human bacteria-
chemical interactions. Then | condensed the spreadsheet, removing spaces and gut bacteria that did
not have an interaction with a metabolite or substrate as well as other information that was not key
to the study. Once | had all the bacteria and chemicals that | wanted to study | gathered
taxonomical information on each microbiota, specifically phylum and class. | also gathered the

chemical classification for each chemical and the direct parent for each chemical from HMDB.

Gut Microbiota Phylum Bacteria Class Chemical Chemical Type  Chem Class Direct Parent
Christensenella minuta YIT 12065T firmicutes clostridia Acetate metabolite carboxylic acids and derivatives acetates
Christensenella minuta YIT 12065T firmicutes clostridia Acetate metabolite carboxylic acids and derivatives acetates
Christensenella minuta YIT 12065T firmicutes clostridia Acetate metabolite carboxylic acids and derivatives acetates
Christensenella minuta YIT 12065T firmicutes clostridia Acetate metabolite carboxylic acids and derivatives acetates
Christensenella minuta YIT 12065T firmicutes clostridia Acetate metabolite carboxylic acids and derivatives acetates
Christensenella minuta YIT 12065T firmicutes clostridia Acetate metabolite carboxylic acids and derivatives acetates
Christensenella minuta YIT 12065T firmicutes clostridia Butyrate metabolite fatty acyls straight chain fatty acids
Christensenella minuta YIT 12065T firmicutes clostridia Butyrate metabolite fatty acyls straight chain fatty acids
Christensenella minuta YIT 12065T firmicutes clostridia Butyrate metabolite fatty acyls straight chain fatty acids
Christensenella minuta YIT 12065T firmicutes clostridia Butyrate metabolite fatty acyls straight chain fatty acids
Christensenella minuta YIT 12065T firmicutes clostridia Butyrate metabolite fatty acyls straight chain fatty acids
Christensenella minuta YIT 12065T firmicutes clostridia Butyrate metabolite fatty acyls straight chain fatty acids
Christensenella minuta YIT 12065T firmicutes clostridia D-Glucose substrate arganooxygen compound hexoses



Once the spreadsheet was created, | was then able to load my data into Cytoscape and map the
relationships between the bacteria and chemicals. For this bacteria-chemical network, the source node is bacteria
with attributes being phylum and class. The target node is either a metabolite or substrate with the assigned
attributes of chemical class and direct parent. The sizes of the note are varied based on the degree of

interaction with other nodes.
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Figure 1 Full Bacteria-Chemical Network

Once the Cytoscape was created | then identified the two most prominent substrates and metabolites and

did research on them to find out their roles in the human body.

Microbiota-Disease Network
For this second network, | collected microbiota dysbiosis-disease interactions for 19 different
diseases from the two articles listed earlier and from gutMDisorder. After gathering the information
between microbiota and their interactions with disease, | added the attributes phylum and class to

each microbiota listed.



Specific Disease

Disease category

Microbe

Dysbiotic feature (increase or decrease)

atopic disease
autism
autism
autism
autism
autism
autism
autism
autism

autism

immune system disease
neuropsychiatric
neuropsychiatric
neuropsychiatric
neuropsychiatric
neuropsychiatric
neuropsychiatric
neuropsychiatric
neuropsychiatric

neuropsychiatric

clostridium difficile
clostridium sp
bacteroidetes
lactobacillus desulfovibrio
bifidobacteria
faecalibacterium
prevotella

coprococcus
haemophilus

prevoellaceae

increase

increase

increase

increase

decrease

decrease

decrease

decrease

decrease

decrease



After creating the full version of the table above, | created a Cytoscape network with the source
node being specific disease and target node being microbiota with the interaction being dysbiotic
feature — which can be increasing or decreasing. Nodes are different sizes to show the varying
degrees of interaction between other nodes. The diseases are purple octagons while the squares are

the microbiota which are color coded by phylum with the color key on the left.

actinobacteria
ascomycota
bactercidetes
cyanobacteria
euryarchaeotes
firmicutes
fusobacteria
lentisphaerae
protecbacteria
synergistetes
tenericutes

verrucomicrobia

ERNERENERNRRNNN

viridiplantae

Disease

- Increase
- Decrease

Figure 2 Microbiota-Disease Network

After the network was created, | analyzed the network by applying different formats to my network
and seeing which bacteria and diseases had the highest degrees of interaction.



Discussion

Bacteria-Chemical Network

When analyzing the gut microbiota inside the human body catalogued on gutMGene with the program
Cytoscape, the three most prevalent metabolites were butyrate, and equol. The three most common
substrates were daidzein, D-glucose and dihydrodaidzein. Within this summary there will be use of
Cytoscape, a networking program. The network data was taken from the human URL download on gutMGene

for the bacteria, metabolites and substrates and The Human Metabolome Database for the chemical class

and direct parent.

Butyrate is from the chemical class fatty acyls and its direct parent is straight chain fatty acids. Butyrate is a
short-chain fatty acid anion with the molecular formula C4H70". Butyrate displays anti-inflammatory and
regenerative properties and provides relief to symptoms of colonic diseases when patients were given an oral
supplement. (https://clinicaltrials.gov/ct2/show/NCT04879914). Butyrate is derived from the metabolism of

indigestible carbohydrates by the gut microbiota. Butyrate contributes to homeostasis within the human gut

and studies indicate that it might control inflammatory responses and host physiology in different types of

tissues (https://pubmed.ncbi.nlm.nih.gov/31366236/). There are 29 different bacteria according to
gutMGene that interact with and metabolize butyrate. Butyrate works

0 - by acting as an inhibitor for histone deacetylase (HDAC); it also works by
signaling via various G protein-coupled receptors (GPCRs). There has
been more and more evidence of the effect of butyrate on the gut-brain

0 axis. (https://academic.oup.com/advances/article/9/1/21/4849000).

GPCRs are the most diverse group of transmembrane proteins. Butyrate

directly regulates GPR41-mediated sympathetic nervous system activity

to regulate the body energy expenditure and preserve homeostasis of

the human metabolism. GPR109A is activated by metabolite butyrate;
Figure 3Chemical Structure of Butyrate the signaling of GPR109A activates the inflammasome pathway —

inflammasomes are core signaling platforms that find pathogenic

microorganisms and sterile stressors (stress induced sterile inflammation), they also activate the highly pro-
inflammatory cytokines interleukin-1f and interleukin-18 (IL-18)
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3807999/) — in colonic macrophages and dendric cells,

causing a difference between regulatory T cells and interleukin-10-producing T cells. The secretion of
interleukin-18 is increased in intestinal epithelial cells via butyrate-stimulated signaling of GPR109A. Anti-
inflammatory characteristics that butyrate is known for are accomplished by inhibiting the production of

inflammatory-enzymes and cytokines (https://academic.oup.com/advances/article/9/1/21/4849000).

Diseases and disorders associated with, as a marker or mechanism, butyrate include disease progression,
Epstein-Barr Virus Infections, genomic instability, nasopharyngeal carcinoma, pain, pericardial effusion, and
prenatal injuries (https://pubchem.ncbi.nlm.nih.gov/compound/104775#section=Associated-Disorders-and-



http://bio-annotation.cn/gutmgene/resource.dhtml
http://bio-annotation.cn/gutmgene/resource.dhtml
https://hmdb.ca/
https://clinicaltrials.gov/ct2/show/NCT04879914
https://pubmed.ncbi.nlm.nih.gov/31366236/
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https://academic.oup.com/advances/article/9/1/21/4849000
https://pubchem.ncbi.nlm.nih.gov/compound/104775#section=Associated-Disorders-and-Diseases

Diseases).
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Figure 4 Cytoscape of Bacteria-Metabolite Interactions with Butyrate


https://pubchem.ncbi.nlm.nih.gov/compound/104775#section=Associated-Disorders-and-Diseases

Equol belongs to the chemical class is isoflavonoids and its direct parent is
isoflavanols
(https://hmdb.ca/metabolites/HMDB0002209). Equol is a non-steroidal

estrogen that comes from the metabolization of soybean products by the 31

bacteria (shown in the Cytoscape of equol) in the intestines. The functional

uses of equol are as an antioxidant, hair conditioning and skin conditioning
(https://pubchem.nchi.nlm.nih.gov/compound/914694#section=Pathways).

Equol is produced from daidzein and is the isoflavone-derived metabolite with

Figure 5 Chemical Structure of Equol  tha most estrogenic and antioxidant activity

(https://www.nchi.nlm.nih.gov/pmc/articles/PMC6770660/). Equol is produced through the formation of

dihydrodaidzein via the gut microbiota. The mechanism — of which an unspecified gut bacterium is
responsible for —the colonic biotransformation of daidzein to equol is unknown. One thing about
metabolizing equol is that only ~30-40% of adults can do the transformation of daidzein to
equol(https://www.cambridge.org/core/journals/proceedings-of-the-nutrition-society/article/is-equol-
production-beneficial-to-health/105B5CE52EA2ECC354143A20CFA8F080). Equol might have greater

biological activity when compared to equol’s parent compound (daidzein). Equol’s positive effects are

debatable with limited studies showing improved symptomatic relief from hot-flashes, lower risk of breast
and prostate cancer and improved bone health as well as equol having negative or no effect on the body. The
diseases associated with equol therapy are breast and prostatic neoplasms (cancer)

(https://pubchem.nchi.nlm.nih.gov/compound/914694#section=Associated-Disorders-and-Diseases).

Bacteroidetes phylum
Actinobacteria phylum
Firmicutes phylum

. Equol
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https://pubchem.ncbi.nlm.nih.gov/compound/91469#section=Associated-Disorders-and-Diseases
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Figure 6 Cytoscape of Equol-Gut Bacteria Interactions

Daidzein belongs to the chemical class of isoflavonoids, and its direct parent is isoflavones. There are 54
different bacteria interactions with daidzein according to the
Cytoscape. Daidzein’s chemical formula is C1sH100a4. Daidzein in a
human metabolite of formononetin. The main product — equol — of the
daidzein metabolism and is produced by specific gut microbiota.
Daidzein acts as a therapeutic treatment for a few diseases —

adenocarcinoma, amnesia, cardiovascular diseases and type 2 diabetes

mellitus, edema, endometrial neoplasms, hyperplasia, hypertension,

leukemic infiltration, memory disorders and ventricular fibrillation.



Daidzein is also a marker for gynecomastia, erectile dysfunction and congenital abnormalities (pubchem
daidzein). Daidzein can be found in soy products.
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Figure 9 Pathway from Daidzein to Equol


https://pubchem.ncbi.nlm.nih.gov/compound/5281708#section=Transformations
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D-Glucose is an organooxygen compound with hexoses as its direct
parent. There are 22 different gut-bacteria interaction with D-glucose
according to the Cytoscape. The chemical formula for D-glucose is
CgH1206. D-glucose is the most regularly occurring isomer of glucose in
nature. D-glucose is often referred to as Dextrose and is uses as a
medicine for treatment of metabolic disorders and nutrient
deprivation. D-glucose’s role in the human body is to act as a signaling

molecule to control glucose and energy homeostasis. Also, D-Glucose

can regulate gene transcription, enzyme activity, hormone secretion
and the activity of glucoregulatory neurons
(https://go.drugbank.com/drugs/DB01914). D-glucose is associated with the following disorders and disease

by being a marker/mechanism: chemical and drug induced liver injury, fatty liver, hepatomegaly, insulin
resistance and liver cirrhosis (https://pubchem.ncbi.nlm.nih.gov/compound/5793#section=Associated-

Disorders-and-Diseases).
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Figure 10 Cytoscape of D-Glucose-Bacteria Interactions

Microbiota-Disease Network
Of the 19 different diseases studied where the gut microbiome was affected, two stood out as
having the most dysbiosis interactions with the most amount of microbiota. These diseases were

Inflammatory Bowel Disease (IBD) and colorectal cancer. There were also two bacteria with the


https://go.drugbank.com/drugs/DB01914
https://pubchem.ncbi.nlm.nih.gov/compound/5793#section=Associated-Disorders-and-Diseases
https://pubchem.ncbi.nlm.nih.gov/compound/5793#section=Associated-Disorders-and-Diseases

highest degree of interaction with different diseases, Prevotella and Bacteroides. Prevotella and
Bacteroides are both from the phylum Bacteroidetes, which is why in the network they are both red.
Increase in dysbiotic feature of the bacteria is shown with purple lines while decreasing dysbiotic
features are shown with green lines. Of the 9 diseases that each bacteria have an interaction with, 8
of them are the same with Crohn’s Disease and autism being individual to Bacteroides and Prevotella
respectively.

crohns

: Increase disease
Disease
- Decrease
IBD
epression
parkinson's
colorectal
cancer
autis

Colorectal cancer is a one of the leading causes of cancer deaths in the world and is a disease
associated with genetic and environmental factors. Studies show that bacterial blooms can
contribute to colorectal cancer. Examples of enrichment contributing to colorectal cancer is when
enterotoxigenic strains of Bacteroides fragilis contributes to colorectal cancer through boosted
production of B. fragilis enterotoxin. Non-colitogenic Fusobacterium nucleatum is also highly present
in colorectal cancer patients, promoting inflammation and proliferation of the cancer, and suggests
that overrepresentation of the gut microbiota might be a driver for the disease. This suggestion
corresponds to the Cytoscape network where there is an increase in many of the microbiota within
the gut. Microbial metabolites such as butyrate have been reported to inhibit the proliferation and
survival of tumor cells. | found 85 different interactions between gut microbiota and colorectal

cancer, and here they are displayed in Cytoscape sorted by phylum. The three most populous



bacteria phylum are labeled. There are 10 phyla known to be affected by colorectal cancer. There is a
decrease in the butyrate producing bacteria Faecalibacterium, Fusobacteriia, and butyrate producing
Firmicutes. The decrease in butyrate producing bacteria may be a sign that there is less butyrate

being produced and therefore there is more inflammation within the gut.

Bacteroidetes (15) Firmicutes (31) Proteobacteria (19)

--Increase

--Decrease

IBD is a very common disease only getting more common within the human population. IBD is a gut-
microbiome associated disease. It is said that the unnecessary immune response that happens
against microbiota in people who are genetically predisposed to IBD is the cause of severe
inflammation. Gut microbiota dysbiosis is suggested to contribute to IBD pathogenesis. Now, while
most therapies deal with the inflammatory response, these treatments are not too safe. Meanwhile,
probiotics have shown to help significantly with the symptoms of IBD, but, when taken off the
probiotics, the disease can come back with worse symptoms and a person might require long-term
treatment. IBD is linked to 55 different microbiota-dysbiosis interactions. IBD is represented by a
purple octagon with the microbiota being squares that are color coded by their phylum. Green lines
mean a decrease in microbiota while purple lines mean increase in microbiota. There are 7 phylum
of gut microbiota affected by IBD, with the most prominent being Bacteroidetes, Firmicutes and
Proteobacteria. Most of the microbiota within the gut are decreasing suggesting that the immune
system is inhibiting the survival of the microbiome when a person has IBD. There is a decrease in the
butyrate producing firmicutes, Faecalibaterium prausnitzii and Roseburia sp., all of which have
interactions with butyrate and can be used to infer that the decrease in butyrate producing
microbiota leads to a pro-inflammatory response that further inhibits the survival of bacteria within

the gastrointestinal tract.



Bacteroidetes (9)  Firmicutes (28) Proteobacteria (10)

-=Increase

--Decrease

Conclusion

In colorectal cancer and in IBD cases, there is evidence that butyrate producing bacteria decreases
within the gut. Butyrate was found to have potential and known anti-inflammatory and anti-cancer
properties. In colorectal cancer there are more microbiota-dysbiosis interactions where the
microbiota is increasing, supporting that bacterial blooms are a cause for colorectal cancer and a
cause for the symptoms of colorectal cancer. IBD has many decreasing microbiota-dysbiosis
interactions, and the data shows that the increase in inflammation and altered immune responses
lowers the number of bacteria in the gut. After studying the most common microbiota effected by
disease, | hypothesize that probiotics composed of butyrate-producing bacteria can be used to offset
the negative dysbiosis occurring in cases of colorectal cancer and IBD and to aid in the treatment of

symptoms of the diseases.
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