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Abstract

Over the last 15 years, microbiome has attracted the
attention of medical scientist and microbiologists.
Human gastro intestinal tract harbors a complex and
dynamic population of microorganism which exerts
influence on the host during homeostasis and diseases.
Establishment of human gut microbiota during infancy
depends on multiple factors. One of the main drives in
shaping the gut microbiota across the lifetime is the
quality of diet. Gut bacteria play a crucial role in
maintaining the immunity and metabolic homeostasis
and help in protection against various enteric
pathogens.

Advancement in computational biology and DNA
sequence technology has revolutionized the quality
research in the field of microbiome. Alteration in
microbiome is associated with disease including
inflammatory bowel disease, cardiovascular disease,
asthma, obesity, metabolic syndrome and immune
mediated conditions.
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Introduction

More than trillions of symbiotic microorganisms live on
within human beings and play an important role in human
health. Microorganisms inhabit in various forms as a
community and in close association with complex organisms
by establishing ammensal, commensal, mutualistic, parasitic
or pathogenic relationships with hosts.?07%.% The collection
of such microorganisms is called microbiota/microbiome.
The human microbiome comprises of collective genomes of
microbiota inhabiting within host, namely protozoa, archaea,
eukaryotes, viruses and predominantly bacteria that live
symbiotically on and within various sites of the human
body.2261

Oral cavity, genital organs, respiratory tract, skin and
gastrointestinal system all are examples of occupied
habitats.”29:11> The human microbiota is estimated to
harbour 10%3to 10'* microbial cells that is approximately 10
times more than the number of human cells and over 100
times the amount of genomic content than the human
genome.?193111 These numbers are derived from the total
bacterial cells in colon i.e. 3.8 x10%3 bacteria to the organ
that harbors the densest number of microbes.** Various
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reports indicated that several parts of human body occupy
over 10,000 microbial species.1328.67.76

One of the largest interfaces between the host,
environmental factors and antigens in the human body is
represented by human gastrointestinal (GI) tract.#6:103
Around 60 tons of foods in average life span pass through
the human Gl tract along with an abundance of
microorganisms from the environment which impose a huge
threat on gut integrity.® The diverse GI microbiota is
predominantly composed of bacteria from three major phyla
i.e. Firmicutes, Bacteroidetes and Actinobacteria.l?
Complex and diverse microbiome serves as a functional
expansion of host genomes and harbors about 50 to 100 fold
more genes as compared to the host i.e. human genome has
23000 genes and microbial genome harbour 100,000
genes_Gl,llS

The extra genes add various types of enzymatic proteins
which are non-encoded by the host and play an important
role in facilitating host metabolism and regulate host
physiology.>® The microbiota offers many benefits to the
host such as protecting them against pathogens,*° regulating
host immunity,?>°0 harvesting energy®? and strengthening
gut integrity or shaping the intestinal epithelium.8
Imbalance in normal gut microbiota leads to Gl conditions
such as inflammatory bowel disease (IBD) and irritable
bowel syndrome (IBS) and wider systemic manifestations of
disease i.e. type Il diabetes, atopy and obesity.1645

Development, structure and composition: Microbial
colonization begins in human gut at the time of birth. The
infant’s intestine is believed to be sterile and contains very
low level of microbes at birth, but the GIT is quickly
colonized during and after delivery.*® At delivery, the oral
and nasopharyngeal membrane as well as skin and gut of the
baby colonize with microorganisms. As a neonate passes
through the birth canal, it acquires microbial populations that
are similar to maternal vaginal flora and dominated by
Lactobacillus, Prevotella and Sneathia spp.?

It has been observed that babies delivered through cesarean
have lesser number of gut microbiome than those delivered
through normal mode and face several immunological
complications in their lifetime.% This process influences the
development of an infant’s intestinal microbiota Similar to
the maternal vaginal microbiota (Fig. 1). Infants who were
born through cesarean section (C- section) mainly possess
microbiota that naturally harbor on skin namely
Staphylococcus, Corynebacteriumand Propionibacterium s
pp and differ from maternal skin microbiota.3*%
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The microbiota of neonates substantially differs. During the
first year of life, the distinct feature of gut microbiota
composition is relatively simple and maintained, it shows
wide inter individual variations.*61°t Microbial diversity
seems important for the well-balanced interaction between
microbiota and host and also on the other hand shaping the
composition of adult GI microbiota. During 2-3 years, the
gut microbiota stabilizes and totally resembles the bacterial
composition as the adult gut.1*> Studies have shown that,
during the first two years babies born by C section more
often suffer from allergic sensitization and wheezing.*8-%

C-section has been associated with an increased risk to food
allergy, allergic rhinitis, asthma and intestinal bacterial
infections to neonates at the age of 1-2 years.% However the
causality of C-section for bacterial infection or allergic
reactions is marginal and thus the mode of delivery seems to
play only a minor role in the establishment of a robust
microbiota.®733% The monozygotic twins microbiota are
more similar to each other as compared to unrelated
individuals.1% Twins showed similar sequential variations of
their microbiota profile and underline the importance of
environmental ~ conditions  for  establishing  gut
microbiota.%8:87

The infant’s gut flora is strongly impacted by diet i.e.
breastfeeding or formula-feeding to weaning and solid food.

Sterile GI tract

Vol. 16 (1) January (2021)
Res. J. Biotech

Breast-feeding diet favors the gut flora diversity, richness
and colonization of Lactobacillus, Staphylococcus,
Megasphaera and class of Actinobacteria in the intestine.*6
Formula feeding leads to the enrichment of Clostridiales and
phylum Proteobacteria’*. In the first year of life, the
application of antibiotics affects the bacterial community in
early babyhood which causes alteration and delay in gut
bacterial ~ colonization  with  the  depletion  of
Enterobacteriaceae, Lachnospiraceae and
Erysipelotrichaceae.””1%4

Gl microbiota is also influenced by various external and
internal host-related factors. External factors include the
type of food eaten, microbial load of the immediate
environment, feeding habits and the composition of the
maternal microbiota (Fig. 2).11° The successions of microbes
are influenced by dietary and temperature-related stresses.
Internal factor includes intestinal pH, microbial interactions,
environmental temperature, physiological factors like
peristalsis, bile acids, host secretions and immune responses
(drug therapy and bacterial mucosal receptors).% Other than
delivery mode, infant diet, antibiotics and other factors like
host genetics, age, life style, hygiene factors, allergen
contact, diets and consumption of pro- or prebiotics or
infections might influence the complexity of gut
microbiota.348.%
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Figure 1: Development of gut microbiome
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Figure 2: Various factors influencing micro-biota development and maturation of the
immune system modification from Dzidic et al*®

Knowledge of adult human gut microbiota stemmed from
labor intensive culture-based methods Due to the advent of
culture independent approaches, the breadth of the gut
microbiota has greatly improved.?®1% DNA sequence
technology coupled with advances in bioinformatics has
totally revolutionized the field of microbiomics.5? The
methods involve amplification and sequencing of targeted
microbial DNA regions followed by statistical analysis for
the identification and diversity of microbes based on
sequence similarity and comparisons to genomic
databases.®® 16S ribosome gene (16S rDNA) is a most
popular approach for targeting the bacteria present in all
bacteria and archaea and contains nine hyper variable
sequences (V1-V9) that differ between species.>*79:%

More recently, investigators shifted the focus from 16S
rRNA sequencing gene to shorter sub regions of the gene in
greater depth. Whole-genome shotgun metagenomics is the
more reliable method of estimating microbiota composition
and diversity due to the higher resolution and sensitivity of
this technique.?®7>113 Difference in methods of sample
processing techniques, sequencing technologies and
statistical methods complicates any direct comparison
between different sequencing studies. It has been reported
that 2172 species isolated from human beings are classified
into 12 different phyla belonging to Proteobacteria,
Firmicutes, Actinobacteria and Bacteroidetes that are
estimated to be around 93.5%.58

Three of the 12 identified phyla contained only one species
isolated from humans’ i.e. Akkermansia muciniphila, the
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only known representative of the phyla Verrucomicrobia. In
humans, 386 of the identified species are strictly anaerobic
and found in mucosal regions such as the oral cavity and the
Gl tract. %6115

Functions of the Gut Microbiota

Metabolism: Using metagenomic sequencing and 16S
ribosomal RNA techniques, sample analysis of human fecal
significantally reveals enrichment in metabolism of amino
acid, xenobiotics, polysaccharides and micronutrients
conferred by gut microbiota strongly suggesting that these
indigenous microbes facilitate host energy harvesting and
metabolic  efficiency.581%® The end products of
fermentation exist in the form of a short-chain fatty acids
(SCFAs) which act as one of the energy substrates for the
host contributing extra 10% daily dietary energy for
utilization by the host for other metabolic processes.®.:88
70% of ATP production in colon is contributed when
microbially-synthesized SCFAs with a preferred fuel for
colonocytes (butyrate).26:28.:36.42,44

Anti-inflammatory and anticancer activities are attributed to
the production of butyrate that causes happiness.”*8° SCFAs
are the ligands for G protein-coupled receptor 41 (GPR41)
expressed in a subset of epithelial entero endocrine cells, the
gut regulates energy of homeostasis by stimulating GPR41-
mediated leptin production in mouse adipocytes which
affects on a vast range of host physiological functions such
as appetite, energy metabolism, sympathetic nerve activity,
immune response, interactive host-microbe
signaling.20.8293.112
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Micronutrients such as vitamins are synthesized by gut
microbiotas which manifest beneficial effects on both host
and microbial metabolisms. Gut microbiota synthesise
vitamin K, riboflavin, biotin, nicotinic acid, pantothenic
acid, pyridoxine and thiamine in human.5>76 It has been
reported that gut bacteria namely Eubacterium lentum,
Enterobacter  agglomerans,  Serratia  marcescens,
Enterococcus faecium and Bacteroides fragilis (Table 1)
produce vitamin-K 254353114

Anaerobically synthesis of menaquinone i.e. vitamin K2 is
vital in elevating HDL, decreasing vascular calcification,
lowering cholesterol levels, decreasing the risk of
cardiovascular and coronary heart diseases.3"4%60 Gut
microbiota are the vital source of vitamins B also®,
especially vitamins B5 and B12 act as coenzyme for various
host biochemical processes such as production of cortisol
and acetylcholine required for normal nervous system
functioning synthesized by intestinal microbiota.®6?

Several disorders such as insomnia, gastrointestinal
discomfort, neuropsychological and hematological disorders
are due to the deficiency of vitamins B5 and B12.41.528!
Cometabolism of bile acids with the host is also maintained
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by gut microbiota. Both the primary and secondary bile acids
activate host nuclear farnesoid X receptor (FXR) signaling
which regulates the production of bile, glucose metabolism
and potentially hepatic autophagy.®585 Nie et al®® have stated
that secondary bile acids also have antimicrobial effects on
microbial cell membrane integrity which cause spillage of
intracellular contents and inhibiting the growth of bile acid-
intolerant microbes, shaping the composition of the gut
microbiota and protecting the host from pathogenic
agents.3'11v12'24v47

Immune-system Development and Host Protection: The
mucus and epithelial layer (junctional protein structures that
regulate barrier integrity and para-cellular permeability) are
the gut barriers which serve as the interface between the
outside and internal environments.?* Disruption in gut
barrier function leads to aberrant immune-inflammatory
response such as inflammation, allergy and autoimmune
disorder which are mediated by molecular mimicry and
dysregulated T-cell response.®** SCFAs confer the
protection of the gastrointestinal barrier integrity against the
disruptive effects i.e. proinflammatory cytokines which
results due to aberrant immune-inflammatory axis.?!42:89

Table 1
Taxonomy and phylogeny of common constituents of the gastrointestinal microbiome
(https://www.ncbi.nIm.nih.gov)®

Phylum Class Order Family Genus
Frimicutes Bacilli Lactobacilliales Lactobacillaceae Lactobacillus
Streptococcaceae Streptococcus
Enterococcus
Clostridia Clostridiales Clostridiaceae Clostridium

Ruminococcaceae

Ruminococcus
Faecalibacterium

Eubacteraceae

Eubacterium

Erysiphelotrichia

Erisophelotrichales

Erysiphelotrichaceae

Turicibacter
Catenibacterium
Coprabacillus

Allobaculum
Negativicutes Veillonellales Veillonellaceae Dialister
Megasphaera
Veillonella
Bacteroidetes Bacteroidia Bacteroidales Prevotellaceae Prevotella
Bacteroidaceae Bacteroides
Actinobacteria Coriobacteriia Coriobacteriales Coriobacteriaceae Collinsella
Atopobiaceae Olsenella
Eggerthellales Eggerthellaceae Slacika
Eggerthella

Actinobacteria

Bifidobacteriales

Bifidobacteriaceae

Bifidobacterium

Fusobacteria

Fusobacteria

Fusobacteriales

Fusobacteriaceae

Fusobacterium

Proteobacteria

Gammaproteobacteria

Enterobacteriales Enterobacteraceae Escherichia
Shigella
Aeromonadales Succinivibrionaceae Succinivibrio

Anerobiospirillum
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The segmented filamentous bacteria (SFB) induces
intestinal T helper (Tw) 17 cells which results in the
production of pro-inflammatory interleukin (IL) 17 and IL-
22 that enhances antimicrobial defense and mucosal
immunity against intestinal pathogens as Citrobacter
rodentium in case of gnotobiotic mice model.3!

ATP by gut microbiota is capable to activate differentiation
of lamina propria cells [(cluster of differentiation) CD70 and
CD11c] into Tw17°. Tight regulation of Treg/Tw17 is critical
in preventing aberrant immune inflammatory response by
healthy host-gut microbiota interactions.*?

Modulatory role of gut microbiota in the enteric nervous
system (ENS) has already been studied. The ENS is crucial
for life in regulating the physiology and functions of the GIT
and bidirectionally communicate with the central nervous
system CNS via vagal pathways leading to the formation of
“gut-brain axis”.8! Enteric glial cell (EGC) is the major
component of ENS which resembles astrocyte in the CNS.
EGCs regulate various Gl functions including blood flow,
exocrine/endocrine secretions, gut motility and immune-
inflammatory reactions (via calcium-dependent signaling).8
Dysfunctioning of ENS and EGC leads to various Gl
disorders (Inflammatory Bowel Disease (IBD), irritable
bowel syndrome (IBS), postoperative ileus), motility
disorder  (constipation), neuro-degenerative  disorder
(Parkinson’s Disease (PD)) and infection-inducing gut
inflammation.*>¢*  Toll like receptors (TLRs) from
microorganism sensing play a critical role in maintaining gut
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microbiota host symbiotic relationship and intestinal

homeostasis.?8!

Gut microbiome and diseases

Dysbiosis in gut microbiome is induced by external factor
which includes consumption of antibiotic, dietary
component, psychological and physical stress and host
factors. Dysbiosis impairs the normal functioning of gut
microbiota in maintaining host wellness leading to
production of microbial-derived products or metabolites
which might be harmful to the host causing diverse range of
diseases (Fig. 3).8' Some of the diseases and their respective
microbiome-based therapy are discussed as follows:

» Inflammatory Bowel Disease (IBD): IBD encompass
2 common forms Crohn’s disease (CD) and ulcerative
colitis (UC). Inflammation can occur anywhere in the
whole GIT in case of CD whereas UC is restricted only
to the large intestine.'® CD and UC are associated with
fever, relapsing diarrhea and abdominal pain. The
mechanism of action of pathogensis for this disease is
still lacking but the crosstalk between host factor and gut
microbiota shows great potential in development of
disease (Fig. 4).* The culprit in causing severe
inflammation is the immune system against Gl
microbiota. IBD is due to the hyper-responsiveness of
T-lymphocyte in the gut microbiota towards non-
pathogenic antigens.*®
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Several studies have reported development of antibodies
against antigens of commensal microbes and
autoantigens like anti-Saccharomyces cerevisiae,
perinuclear anti-neutrophil cytoplasmic antibody and
anti-Pseudomonas  fluorescens-associated sequence
12.386476 | oss of tolerance towards gut microbiota in
IBD patient totally with aberrant immune response leads
to dysbiosis and also to loss of microbiota which is
responsible in maintaining the gut mucus barrier
integrity. Impaired functions increase the exposure
between gut microbiota and epithelial cells which lead
to the stimulation of local immunity and contributing to
severe gut inflammation.

Gut dysbiosis potentially contributes in IBD
pathogenesis.?3 Common feature observed in IBD
patients is the reduction in gut Firmicutes such as
Faecalibacterium prausnitzii and Roseburia
sp.537497.108 These bacteria play an important role as
anti-inflammatory in reducing pro-inflammatory
cytokines (IL-12, IFN-g) and increasing anti-
inflammatory 1L-10.%7

Butyrate is produced by Firmicutes which is the primary
energy substrate for colonocytes. Reduction in
Firmicutes could elicit local inflammation by decreasing
anti-inflammatory cytokine which is an important factor
in regulation of mucosal immunity and induced
impairment in colonic barrier function due to SCFA-
deficiency.#274.8°

The therapeutic use of probiotic F. prausnitzii is used in
managing IBD. Elevation of virulent gut microbes such
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as species of Enterobacteriaceae and Bacteroides
fragilis, both having high endotoxic LPS in their outer
membranes, are the dysbiotic features observed in IBD
patients.?>%2 Feagan et al*® and Christensen et al® have
stated that the anti-inflammation therapy like Ab
(antibodies) which targets pro-inflammatory cytokines
(such as anti-TNF-alpha, anti-1L12, anti-1L23).

Employing a4b7-integrin antagonist leads to the
inhibition by trafficking of T-lymphocytes in gut
tissue.1%45 Administration of fermented polysaccharides
i.e. prebiotics which leads to stimulate on at the growth
and metabolic activities of gut microbes such as
butyrate-synthesizing bacteria, an attractive notion to
treat GI inflammation in IBD.30:598

Obesity: WHO stated that obesity is a worldwide
health hazard, affecting > 600 million people. It is
correlated with aloft energy intake and reduces in energy
expenditure which leads to the excessive accumulation
of fat with increases body mass index (BMI > 30kg/m?)
linked to metabolic disease. Individuals develop a high
risk of developing obesity associated disorders which
include cardiovascular disease, type- Il diabetes and
liver abnormalities, premature mortality and low-grade
inflammation.1835373% The gut microbiota is fully
associated with obesity when metabolically obese mice
with leptin gene having mutation showed a significantly
different microbiota as compared with mice without
having mutation in the gene.'”®' Lozupone et al’®
indicated that the ratio of Firmicutes to Bacteroidetes in
the obese mice gut microbiota shifted in favored of
Firmicutes whereas Bacteroidetes favour in lean mice.
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Figure 4: Interactive relationships among gut micro-biome, host factors and environmental factors in IBD
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Tagliabue and EMi*® in human reported that the gut
microbiota composition altered in obese when it is
compared with normal-weight individuals as their
composition changes in response to changes in host body
weight. Tremaroli and Béackhed!®* stated that studies
have also failed to demonstrate a relationship between
obesity and the ratio of Firmicutes to Bacteroidetes till
both the phylum and the species levels. Several studies
suggest that gut bacteria, gram-negative increase in
endotoxic LPS contribute to obesity associated metabolic
syndrome. In obesity management, the application of
probiotics and prebiotics is extensively used.1:1217.20

Colorectal Cancer (CRC): Worldwide mortality of
colorectal cancer (CRC) is the fourth leading cause of
cancer.* CRC is a multifaceted disease associated with
both genetic and environmental factors. Kho and Lal®!
stated that gut microbiota plays an important role in the
intersection of these factors which enhanced tumor-
promoting environment. In the gut lumen tumor
outgrowth damages the intestinal barrier which increases
the infiltration of gut microbiota and allows the entry of
harmful substrates in the tissue leading to immune-
inflammatory  response and disturbs the gut
microbiome.®® Fecal microbiota of CRC patients were
analyzed using 16S rRNA sequencing that revealed a
significant enrichment of Bacteroides fragilis.1%"11°
Enterotoxigenic strains of B. fragilis (ETBF) contribute
in CRC by enhancing the production of oncogenic B.
fragilis enterotoxin (BFT).%

Ulger Toprak et al'% reported the bft gene expression
tremendously higher in CRC patients as compared to healthy
person. BFT is cytopathic in intestinal epithelial cells
leading to colitis and colonic tumor due to its capability of
catalyzing proteolytic degradation of tight junction proteins
(such as ZO-1 and E-cadherin) leading to petrub in intestinal
para cellular barriers. 226111 Fysobacterium nucleatum
outer membrane protein i.e. Fap2 also mediates specific
Fusobacterial attachment to Gal-GaINAc which is
overexpressed in CRC patients and facilitating F. nucleatum
invasion as well as colonization of CRC cells.!

Wau et al*'! stated that invasive F. nucleatum is employed by
the involvement of Toll like Receptor (TLR4)
/phosphorylated-p21-activated kinase, 1/phosphorylated-b-
catenin S675 in a cascade manner®3. Probiotics using lactic
acid-producing bacteria (Lactobacillus and
Bifidobacterium) shows protective effect against colon
cancer by reducing tumor incidence and tumor loads and
suggested directly anti proliferative effect on tumor cells by
preventing carcinogen induced DNA damage, partly via
inhibiting the carcinogen and mutagen formation, reducting
the pro-carcinogenic enzyme (ornithine decarboxylase)
activity as well as in enhancement of anti-tumor immunity
due to increased natural killer cells, MHC class Il antigen
presenting cells and CD4-CD8C T cells.3%%
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Conclusion

The gut microbiota is evolved throughout the life and plays
an important role in both health and prevention of diseases.
In a state of healthy gut, microbiota have positive functions
which include energy recovery from the metabolism of non-
digestible components present in the food protecting the host
from pathogens and modulation of the immune-system. A
dysbiotic gut microbiota state is recognized as an
environmental factor which acts on host’s metabolism and
has a role in pathological conditions both in systemic-
(obesity, atopy and diabetes) and gut-related IBS and I1BD.

References

1. Abed J. et al, Fap2 mediates Fusobacterium nucleatum
colorectal adenocarcinoma enrichment by binding to tumor-
expressed  Gal-GaINAc, Cell Host Microbe, doi:
10.1016/j.chom.2016.07.006, 20, 215-225 (2016)

2. Anitha M., Vijay-Kumar M., Sitaraman S.V., Gewirtz A.T. and
Srinivasan S., Gut microbial products regulate murine
gastrointestinal motility via Toll-like receptor 4 signaling,
Gastroenterology, doi: 10.1053/ j.gastro.2012.06.034, 143, 1006—
1016 (2012)

3. Aresti Sanz J. and El Aidy S., Microbiota and gut neuropeptides:
a dual action of antimicrobial activity and neuroimmune response,
Psychopharmacology, In Press, https://doi.org/10.1007/s00213-
019-05224-0 (2019)

4. Arnold M., Sierra M.S., Laversanne M., Soerjomataram I., Jemal
A. and Bray F., Global patterns and trends in colorectal cancer
incidence and mortality, Gut, doi: 10.1136/gutjnl-2015-310912,
66, 683-691 (2017)

5. Atarashi K. et al, ATP drives lamina propria TH17 cell
differentiation, Nature, doi: 10.1038/nature07240, 455, 808-812
(2008)

6. Bager P., Simonsen J., Ethelberg S. and Frisch M., Cesarean
delivery and risk of intestinal bacterial infection, J. Infect. Dis.,
doi: 10.1086/650998, 201, 898-902 (2010)

7. Bager P., Wohlfahrt J. and Westergaard T., Caesarean delivery
and risk of atopy and allergic disease: Meta-analyses, Clin. Exp.
Allergy, doi: 10.1111/j.1365-2222.2008.02939.x, 38, 634-642
(2008)

8. Barko P.C., McMichael M.A., Swanson K.S. and Williams D.A.,
The Gastrointestinal Microbiome: A Review, J Vet Intern Med.,
32, 9-25 (2018)

9. Barnaba V. and Sinigaglia F., Molecular mimicry and T cell-
mediated autoimmune disease, J. Exp. Med., doi:
10.1084/jem.185.9.1529, 185, 1529-1532 (1997)

10. Baumler A.J. and Sperandio V., Interactions between the
microbiota and pathogenic bacteria in the gut, Nature, doi:10.1038/
nature18849, 535, 85-93 (2016)

11. Bisht N. and Garg A.P., Isolation, Characterization and
Probiotic Value of Lactic Acid Bacteria from Milk and Milk
Products, An International J of Biological Sciences (Biotech
Today), 9(2), 54-63 (2019)


https://doi.org/10.1007/s00213-019-05224-0
https://doi.org/10.1007/s00213-019-05224-0

Research Journal of Biotechnology

12. Bisht N. and Garg A.P., Antagonistic Activity of Lactic Acid
Bacteria Against Common Enteric Pathogens Isolated from Milk
and Milk Products and Evaluation of their Probiotic Attributes,
BBRC, 12(4), 1173-1184 (2019)

13. Blaser M.J., Who are we? Indigenous microbes and the ecology
of human diseases, EMBO Rep., 7(10), 956-60 (2006)

14. Bokulich N.A. et al, Antibiotics, birth mode and diet shape
microbiome maturation during early life, Sci. Transl. Med., doi:
10.1126/scitransImed.aad7121, 8, 343ra382 (2016)

15. Azad M.B., Bridgman S.L., Becker A.B. and Kozyrskyj A.L.,
Infant antibiotic exposure and the development of childhood
overweight and central adiposity, International Journal of Obesity,
38, 1290-1298 (2014)

16. Bull M.J. and Plummer N.T., Part 1: The Human Gut
Microbiome in Health and Disease, Integrative Medicine, 13, 6
(2014)

17. Canfora E.E. et al, Gut microbial metabolites in obesity,
NAFLD and T2DM, Nat Rev Endocrinol., 15(5), 261-273 (2019)

18. Cani P.D. et al, Metabolic endotoxemia initiates obesity and
insulin resistance, Diabetes Metab. Res. Rev., doi: 10.2337/db06-
1491, 56, 1761-1772 (2007)

19. Carabotti M., Scirocco A., Maselli M.A. and Severi C., The
gut-brain axis: Interactions between enteric microbiota, central and
enteric nervous systems, Ann. Gastroenterol., 28, 203-209 (2015)

20. Chelakkot C., Ghim J. and Ryu S.H., Mechanisms regulating
intestinal barrier integrity and its pathological implications, Exp.
Mol. Med., doi: 10.1038/s12276-018-0126-x, 50, 103 (2018)

21.Chen T. et al, Dietary fibre-based SCFA mixtures promote both
protection and repair of intestinal epithelial barrier function in a
Caco-2 cell model, Food Funct., doi: 10.1039/c6fo01532h, 8,
1166-1173 (2017)

22. Chittim C.L., Del Campo A. and Balskus E.P., Gut bacterial
phospholipase Ds support disease-associated metabolism by
generating choline, Nat Microbiol., 4, 155-163 (2019)

23. Christensen K.R., Steenholdt C., Buhl S.S., Ainsworth M.A.,
Thomsen 0.9, and Brynskov J., Systematic information to health-
care professionals about vaccination guidelines improves
adherence in patients with inflammatory bowel disease in anti-tnfa
therapy, Am. J. Gastroenterol., doi:10.1038/ajg.2015.162, 110,
1526-1532 (2015)

24. Ciccia F., Guggino G., Rizzo A., Alessandro R., Luchetti
M.M., Milling S., Saieva L., Cypers H., Stampone T. and Di
Benedetto P., Dysbiosis and zonulin upregulation alter gut
epithelial and vascular barriers in patients with ankylosing
spondylitis, Ann. Rheum. Dis., doi: 10.1136/annrheumdis-2016-
210000, 76, 1123-1132 (2017)

25. Cooke G., Behan J. and Costello M., Newly identified vitamin
K-producing bacteria isolated from the neonatal faecal flora,
Microb. Ecol. Health Dis., doi: 10.3402/mehd.v18i3-4.7681, 18,
133-138 (2006)

209

Vol. 16 (1) January (2021)
Res. J. Biotech

26. Corréa-Oliveira R., Fachi J.L., Vieira A., Sato F.T. and Vinolo
M.A.R., Regulation of immune cell function by short-chain fatty
acids, Clin Transl Immunol., doi:10.1038/cti.2016.17, 5, e73
(2016)

27. Cryan et al, The microbiota-gut-brain axis, Physiological
Reviews, 99, 1877-2013 (2019a)

28. Cryan J.F. and De Wit H., The gut microbiome in
psychopharmacology and psychiatry, Psychopharmacology,
d0i:10.1007/s00213-019-05288-y, 236(5), 1407-1409 (2019)

29. Darfeuille-Michaud A. et al, Presence of adherent Escherichia
coli strains in ileal mucosa of patients with Crohns disease,
Gastroenterol., doi: 10.1016/s0016-5085(98)70019-8, 115, 1405—
1413 (1998)

30. De Preter V. et al, Metabolic profiling of the impact of
oligofructose-enriched inulin in Crohn’s disease patients: a double-
blinded randomized controlled trial, Clin. Transl. Gastroenterol.,
doi: 10.1038/ctg.2012.24, 4, e30 (2013)

31. Degnan P.H., Taga M.E. and Goodman A.L., Vitamin B12 as
a modulator of gut microbial ecology, Cell Metab., doi:
10.1016/j.cmet.2014.10.002, 20, 769-778 (2014)

32. Den Besten G., Van Eunen K., Groen A.K., Venema K.,
Reijngoud D.J. and Bakker B.M., The role of short-chain fatty
acids in the interplay between diet, gut microbiota and host energy
metabolism, J. Lipid Res., do0i:10.1194/jIr.R036012, 54, 2325-
2340 (2013)

33. Dieterich W., Schink M. and Zopf Y., Microbiota in the
Gastrointestinal Tract, Medical Sciences, doi:10.3390/medsci
6040116, 6(4), 116 (2018)

34. Dominguez-Bello M.G., Costello E.K. and Contreras M.,
Delivery mode shapes the acquisition and structure of the initial
microbiota across multiple body habitats in newborns, 11971-
11975 (2010)

35. Donnelly K.L., Smith C.I., Schwarzenberg S.J., Jessurun J.,
Boldt M. and Dand Parks E.J., Sources of fatty acids stored in liver
and secreted via lipoproteins in patients with nonalcoholic fatty
liver disease, J. Clin. Invest., doi: 10.1172/jci200523621, 115,
1343-1351 (2005)

36. Donohoe D.R. et al, The microbiome and butyrate regulate
energy metabolism and autophagy in the mammalian colon, Cell
Metab., doi: 10.1016/j. cmet.2011.02.018, 13, 517-526 (2011)

37.DuY, Li X, SuC., Wang L., Jiang J. and Hong B., The human
gut microbiome — a new and exciting avenue in cardiovascular
drug discovery, Expert Opinion on Drug Discovery,
d0i:10.1080/17460441.2019.1638909, 1-16 (2019)

38. Duchmann R., May E., Heike M., Knolle P., Neurath M. and
zum Biischenfelde K.M., T cell specificity and cross reactivity
towards Enterobacteria, Bacteroides, Bifidobacterium and
antigens from resident intestinal flora in humans, Gut, doi:
10.1136/gut.44.6.812, 44, 812-818 (1999)

39. Dzidic M., Boix-Amorés A., Royo M.S., Mira A. and Collado
M.C., Gut Microbiota and Mucosal Immunity in the Neonate,
Med. Sci., doi.org/ 10.3390/ medsci603 0056, 6(3), 56 (2018)


https://sciprofiles.com/profile/author/Z1ZvMXVINWl5ZExySFdqT3MxZmVWWG9MclB3anp6UlVDU1VTK1ZmdjREQT0=
https://sciprofiles.com/profile/author/OG1PWUw3T2RFaEE5RkttVU8vcmlXNzk0OVJ4MkRCaGNzczlRZGdFOHJYTT0=
https://sciprofiles.com/profile/author/YWVUeUxadjFpU05FZklxVlV1eFhRYVlFVlpnN09YUmR6VDd4YzkrdUo2OD0=
https://sciprofiles.com/profile/264510
https://sciprofiles.com/profile/124327
https://doi.org/10.3390/medsci6030056

Research Journal of Biotechnology

40. Feagan B.G. et al, Vedolizumab as induction and maintenance
therapy for ulcerative colitis, N. Engl. J. Med., doi:
10.1056/NEJM0al215734, 369, 699710 (2013)

41. Federici M., Gut microbiome and microbial metabolites: a new
system affecting metabolic disorders, J Endocrinol Invest,
DOI:10.1007/s40618-019-01022-9, 1-8 (2019)

42. Feng Y., Wang Y., Wang P., Huang Y. and Wang F., Short-
Chain Fatty Acids Manifest Stimulative and Protective Effects on
Intestinal Barrier Function Through the Inhibition of NLRP3
Inflammasome and Autophagy, Cell Physiol. Biochem., doi:
10.1159/000492853, 49, 190-205 (2018)

43. Fernandez F. and Collins M.D., Vitamin K composition of
anaerobic gut bacteria, FEMS Microbiol. Lett., doi: 10.1016/0378-
1097(87)90233-3, 41, 175-180 (1987)

44, Firmansyah A., Penn D. and Lebenthal E., Isolated colonocyte
metabolism of glucose, glutamine, n-butyrate and b-
hydroxybutyrate in  malnutrition, Gastroenterology, doi:
10.1016/0016-5085(89)90 633-1, 97, 622629 (1989)

45, Franzosa E.A. et al, Gut microbiome structure and metabolic
activity in inflammatory bowel disease, Nat Microbiol., 4, 293-305
(2019)

46. Gao W. et al, Gut microbiome and brain functional connectivity
in infants-a preliminary study focusing on the amygdala,
Psychopharmacology (Berl), In Press, https://doi.org/10.1007/
s00213-018-5161-8 (2019)

47. Ge X. et al, Antibiotics-induced depletion of mice microbiota
induces changes in host serotonin biosynthesis and intestinal
motility, J Transl Med., doi:10.1186/s12967-016-1105-4, 15, 13
(2017)

48. Geerlings S.Y., Kostopoulos I., De Vos W.M. and Belzer C.,
Akkermansia muciniphila in the Human Gastrointestinal Tract:
When, Where and How?, Microorganisms, doi:
10.3390/microorganisms6030075, 6, 75 (2018)

49. Geleijnse J.M. et al, Dietary intake of menaquinone is
associated with a reduced risk of coronary heart disease: the
rotterdam study, J. Nutr., doi: 10.1093/jn/134.11.3100, 134, 3100-
3105 (2004)

50. Gensollen T., lyer S.S., Kasper D.L. and Blumberg R.S., How
colonization by microbiota in early life shapes the immune system,
Science, doi:10.1126/science.aad9378, 352, 539-544 (2016)

51. Gill S.R. et al, Metagenomic analysis of the human distal gut
microbiome, Science, doi: 10.1126/science.1124234, 312, 1355~
1359 (2006)

52. Gominak S., Vitamin D deficiency changes the intestinal
microbiome reducing B vitamin production in the gut, The
resulting lack of pantothenic acid adversely affects the immune
system, producing a “pro-inflammatory” state associated with
atherosclerosis and autoimmunity, Med. Hypotheses, doi:
10.1016/j.mehy.2016.07.007, 94, 103-107 (2016)

53. Hayes C.L., Dong J., Galipeau H.J., Jury J., McCarville J.,
Huang X., Wang X.Y., Naidoo A., Anbazhagan A.N. and
Libertucci J., Commensal microbiota induces colonic barrier

210

Vol. 16 (1) January (2021)
Res. J. Biotech

structure and functions that contribute to homeostasis, Sci. Rep.,
doi: 10.1038/s41598-018-32366-6, 8, 14184 (2018)

54. Hillman E.T., Lu H., Yao T. and Nakatsu C.H., Microbial
Ecology along the Gastrointestinal Tract, Microbes Environ.,
32(4), 300-313 (2017)

55. Hooper L.V. and Gordon J.I., Commensal host-bacterial
relationships in the gut, Science, doi: 10.1126/science.1058709,
292,1115-1118 (2001)

56. Hugon P., Dufour J.C., Colson P., Fournier P.E., Sallah K. and
Raoult D., A comprehensive repertoire of prokaryotic species
identified in  human beings, Lancet Infect. Dis.,
d0i:10.1016/S1473-3099(15)00293-5, 15, 1211-1219 (2015)

57. Ivanov L.1. et al, Induction of intestinal Th17 cells by segmented
filamentous bacteria, Cell, doi: 10.1016/j.cell.2009.09.033, 139,
485-498 (2009)

58. Jones R.B., Alderete T.L., Kim J.S., Millstein J., Gilliland F.D.
and Goran M.l, High intake of dietary fructose in
overweight/obese teenagers associated with depletion of
Eubacterium and Streptococcus in gut microbiome, Gut Microbes,
d0i:10.1080/19490976.2019.1592420, 1-8 (2019)

59. Joossens M., De Preter V., Ballet V., Verbeke K., Rutgeerts P.
and Vermeire S., Effect of oligofructose-enriched inulin (OF-IN)
on bacterial composition and disease activity of patients with
Crohn’s disease: results from a double-blinded randomised
controlled trial, Gut, doi: 10.1136/gutjnl-2011-300413, 61, 958
(2012)

60. Kawashima H. et al, Effects of vitamin K2 (menatetrenone) on
atherosclerosis and blood coagulation in hypercholesterolemic
rabbits, Jpn. J.Pharmacol., doi: 10.1254/jjp.75.135, 75, 135-143
(1997)

61. Kho Z.Y. and Lal S.K., The Human Gut Microbiome — A
Potential Controller of Wellness and Disease, Front. Microbiol., 9,
1835 (2018)

62. Kim N., Yun M., Oh Y.J. and Choi H.J., Mind-altering with the
gut: Modulation of the gut-brain axis with probiotics, J.
Microbiol., doi: 10.1007/s12275-018-8032-4, 56, 172-182 (2018)

63. Kirby T.0. and Ochoa-Reparaz J., The gut microbiome in
multiple sclerosis: A potential therapeutic avenue, Med. Sci., doi:
10.3390/medsci6030069, 6 (2018)

64. Landers C.J. et al, Selected loss of tolerance evidenced by
Crohns disease—-associated immune responses to auto- and
microbial antigens, Gastroenterology, doi: 10.1053/gast.2002.
35379, 123, 689-699 (2002)

65. LeBlanc J.G. et al, B-Group vitamin production by lactic acid
bacteria—current knowledge and potential applications, J. Appl.
Microbiol., doi:10.1111/j.1365-2672.2011.05157.x, 111, 1297-
1309 (2011)

66. Lee J.M. et al, Nutrient-sensing nuclear receptors coordinate
autophagy, Nature, doi: 10.1038/nature13961, 516, 112-115
(2014)


https://doi.org/10.1007/%20s00213-018-5161-8
https://doi.org/10.1007/%20s00213-018-5161-8
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hillman%20ET%5BAuthor%5D&cauthor=true&cauthor_uid=29129876
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=29129876
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yao%20T%5BAuthor%5D&cauthor=true&cauthor_uid=29129876
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakatsu%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=29129876
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5745014/

Research Journal of Biotechnology

67. Ley R.E., Turnbaugh P.J., Klein S. and Gordon J.I., Microbial
ecology: human gut microbes associated with obesity, Nature,
444(7122), 1022-3 (2006)

68. Li J. et al, An integrated catalog of reference genes in the
human gut microbiome, Nat Biotechnol. 32(8), 834-41 (2014)

69. Li Y. et al, Gut microbiota accelerate tumor growth via c-jun
and STAT3 phosphorylation in APC Min/C mice, Carcinogenesis,
doi: 10.1093/carcin/bgs137, 33, 1231-1238 (2012)

70. Liang D., Leung R.K.K., Guan W. and Au W.W., Involvement
of gut microbiome in human health and disease: brief overview,
knowledge gaps and research opportunities, Gut Pathogens,
doi:10.1186/s13099-018-0230-4, 10(1) (2018)

71. Lin L. and Zhang J., Role of intestinal microbiota and
metabolites on gut homeostasis and human diseases, BMC
Immunol., 18 (2017)

72. Lloyd-Price J., Abu-Ali G. and Huttenhower C., The healthy
human microbiome, Genome Med., doi: 10.1186/s13073-016-
0307-y, 8, 51 (2016)

73. Lozupone C.A., Stombaugh J.I., Gordon J.1., Jansson J.K. and
Knight R., Diversity, stability and resilience of the human gut
microbiota, Nature, 489(7415), 220-230 (2012)

74. Machiels K. et al, A decrease of the butyrate-producing species
Roseburia hominis and Faecalibacterium prausnitzii defines
dysbiosis in patients with ulcerative colitis, Gut, doi:
10.1136/gutjnl-2013-304833, 63, 1275-1283 (2014)

75. Malatji B.G., Meyer H., Mason S., Engelke U.F.H., Wevers
R.A., Van Reenen M. and Reinecke C.J., A diagnostic biomarker
profile for fibromyalgia syndrome based on an NMR
metabolomics study of selected patients and controls, BMC
Neurol., doi: 10.1186/512883-017-0863-9, 17, 88 (2017)

76. Martin C.R., Osadchiy V., Kalani A. and Mayer E.A., The
Brain-Gut-Microbiome Axis, Cell Mol. Gastroenterol. Hepatol.,
doi: 10.1016/j.jcmgh.2018.04.003, 6, 133-148 (2018)

77. Mauro A.D.,Neu J., Riezzo G., Raimondi F., Martinelli
D., Francavilla R. andIndrio F., Gastrointestinal function
development and microbiota, Ital J Pediatr., 39, 15 (2013)

78. Mittal R., Debs L.H., Patel A.P., Nguyen D., Patel K.,
O’Connor G., Grati M., Mittal J., Yan D. and Eshraghi A.A.,
Neurotransmitters: The Critical Modulators Regulating Gut-Brain
Axis, J. Cell Physiol., doi: 10.1002/jcp.25518, 232, 2359-2372
(2017)

79. Mizrahi-Man O., Davenport E.R., Gilad Y. and White B.A.,
Taxonomic classification of bacterial 16S rRNA genes using short
sequencing reads: evaluation of effective study designs, PLoS One,
doi:10.1371/journal.pone.0053608, 8, 53608 (2013)

80. Morrison D.J. and Preston T., Formation of short chain fatty
acids by the gut microbiota and their impact on human metabolism,
Gut Microbes, doi:10.1080/19490976.2015.1134082, 7, 189-200
(2016)

211

Vol. 16 (1) January (2021)
Res. J. Biotech

81. Moser G., Fournier C. and Peter J., Intestinal microbiome-gut-
brain axis and irritable bowel syndrome, Wien. Med. Wochenschr.,
doi: 10.1007/s10354-017-0592-0, 168, 62-66 (2018)

82. Nagai M., Obata Y., Takahashi D. and Hase K., Fine-tuning of
the mucosal barrier and metabolic systems using the diet-microbial
metabolite axis, Int Immunopharmacol., doi:10.1016/j.intimp.
2016.04.001, 37, 79-86 (2016)

83. Nagao-Kitamoto H. et al, Functional characterization of
inflammatory bowel disease—associated gut dysbiosis in
gnotobiotic mice, Cell Mol. Gastroenterol. Hepatol., 2, 468481
(2016)

84. Natividad J.M.M. and Verdu E.F., Modulation of intestinal
barrier by intestinal microbiota: Pathological and therapeutic
implications, Pharmacol. Res., doi:10.1016/j.phrs.2012.10.007,
69, 42-51 (2013)

85. Nie Y.F.,, Hu J. and Yan X.H., Cross-talk between bile acids
and intestinal microbiota in host metabolism and health, J.
Zhejiang Univ. Sci. B, doi: 10.1631/jzus.b1400327, 16, 436-446
(2015)

86. Ochoa-Cortes F. et al, Enteric glial cells: a new frontier in
neurogastroenterology and clinical target for inflammatory bowel
diseases, Inflamm. Bowel Dis., doi: 10.1097/MIB.0000000000
000667, 22, 433-449 (2015)

87. Palmer C., Bik E.M., DiGiulio D.B., Relman D.A. and Brown
P.O., Development of the human infant intestinal microbiota, PLoS
Biol., doi: 10.1371/journal.pbio.0050177, 5, e177 (2007)

88. Payne A.N., Chassard C., Banz Y. and Lacroix C., The
composition and metabolic activity of child gut microbiota
demonstrate differential adaptation to varied nutrient loads in anin
vitro model of colonic fermentation, FEMS Microbiol. Ecol., doi:
10.1111/j.1574-6941.2012.01330.x, 80, 608-623 (2012)

89. Peng L., He Z., Chen W., Holzman I.R. and Lin J., Effects of
butyrate on intestinal barrier function in a caco-2 cell monolayer
model of intestinal barrier, Pediatr. Res.,  doi:
10.1203/01.pdr.0000250014.92242 f3, 61, 37-41 (2007)

90. Poretsky R., Rodriguez-R L.M., Luo C., Tsementzi D.,
Konstantinidis K.T. and Rodriguez-Valera F., Strengths and
limitations of 16S rRNA gene amplicon sequencing in revealing
temporal microbial community dynamics, PL0oS One,
doi:10.1371/journal.pone.0093827, 9, 93827 (2014)

91. Proal A.D., Albert P.J. and Marshall T.G., Inflammatory
disease and the human microbiome, Discov Med., 17(95), 257-65
(2014)

92. Ruseler-Van Embden J.G.H. and Both-Patoir H.C., Anaerobic
gram negative faecal flora in patients with Crohn’s disease and
healthy subjects, Antonie Van Leeuwenhoek, doi: 10.1007/
BF00393670, 49, 125-132 (1983)

93. Samuel B.S. et al, Effects of the gut microbiota on host
adiposity are modulated by the short-chain fatty-acid binding G
protein-coupled receptor, Gpr4l, Proc. Natl. Acad. Sci. U.S.A.,
doi: 10.1073/pnas.0808567105, 16767-16772 (2008)


https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Mauro%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23433508
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23433508
https://www.ncbi.nlm.nih.gov/pubmed/?term=Riezzo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23433508
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raimondi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23433508
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martinelli%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23433508
https://www.ncbi.nlm.nih.gov/pubmed/?term=Francavilla%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23433508
https://www.ncbi.nlm.nih.gov/pubmed/?term=Indrio%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23433508
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3615966/

Research Journal of Biotechnology

94. Sender R., Fuchs S. and Milo R., Revised estimates for the
number of human and bacteria cells in the body, PLoS Biol., doi:
10.1371/ journal.pbio.1002533, 14, 1002533 (2016)

95. Slykerman R.F., Coomarasamy C., Wickens K., Thompson
J.M. D., Stanley T.V., Barthow C., Kang J., Crane J. and Mitchell
E.A., Exposure to antibiotics in the first 24 months of life and
neurocognitive outcomes at 11 years of age, Psychopharmacology.
https://doi.org/10.1007/s00213-019-05216-0, In Press (2019)

96. Smith D.G., Martinelli R., Besra G.S., lllarionov P.A., Szatmari
l., Brazda P. and Lowry C.A., Identification and characterization
of a novel anti-inflammatory lipid isolated from Mycobacterium
vaccae, a soil-derived bacterium with immunoregulatory and stress
resilience properties, Psychopharmacology, doi:10.1007/s00213-
019-05253-9 (2019)

97. Sokol H. et al, Faecalibacterium prausnitzii is an anti-
inflammatory commensal bacterium identified by gut microbiota
analysis of Crohn disease patients, Proc. Natl. Acad. Sci. U.S.A.,
doi:10.1073/pnas.0804812105, 1673116736 (2008)

98. Sommer F. and Backhed F., The gut microbiota—masters of
host development and physiology, Nat Rev Microbiol., 11(4), 227—
38 (2013)

99. Sonnenburg E.D., Smits S.A., Tikhonov M., Higginbottom
S.K., Wingreen N.S. and Sonnenburg J.L., Diet-induced
extinctions in the gut microbiota compound over generations,
Nature, doi:10.1038/nature16504, 529, 212-215 (2016)

100. Tagliabue A. and Elli M., The role of gut microbiota in human
obesity: recent findings and future perspectives, Nutr Metab
Cardiovasc Dis., 23(3), 160-168 (2013)

101. Tamburini S., Shen N., Wu H.C. and Clemente J.C., The
microbiome in early life: Implications for health outcomes, Nat.
Med., doi: 10.1038/nm.4142, 22, 713-722 (2016)

102. Tap J., Mondot S., Levenez F, Pelletier E, Caron C and Furet
J.P., Towards the human intestinal microbiota phylogenetic core,
Environ. Microbiol., doi: 10.1111/j.1462-2920.2009.01982.x, 11,
2574-2584 (2009)

103. Thursby E. and Juge N., Introduction to the human gut
microbiota, Biochemical J., doi:10.1042/bcj2016 0510, 474(11),
1823-1836 (2017)

104. Tremaroli V. and Backhed F., Functional interactions between
the gut microbiota and host metabolism, Nature, 489(7415), 242-
249 (2012)

212

Vol. 16 (1) January (2021)
Res. J. Biotech

105. Turnbaugh P.J. et al, A core gut microbiome in obese and lean
twins, Nature, doi: 10.1038/nature07540, 457, 480-484 (2009)

106. Ulger Toprak N. et al, A possible role of Bacteroides fragilis
enterotoxin in the aetiology of colorectal cancer, Clin. Microbiol.
Infect., doi: 10.1111/j.1469-0691.2006.01494.x, 12, 782-786
(2006)

107. Wang T. et al, Structural segregation of gut microbiota
between colorectal cancer patients and healthy volunteers, ISME
J., doi: 10.1038/ismej.2011.109, 6, 320-329 (2012)

108. Willing B.P. et al, A pyrosequencing study in twins shows that
gastrointestinal microbial profiles vary with inflammatory bowel
disease phenotypes, Gastroenterology, doi: 10.1053/j.gastro.2010.
08.049, 139, 1844 e1-1854.e1 (2010)

109. World Health Organization [WHQ], Obesity and Overweight,
Available at: http://www.who.int/mediacentre/factsheets/fs311/en/
(2016)

110. Wu N. et al, Dysbiosis signature of fecal microbiota in
colorectal cancer patients, Microb. Ecol., doi: 10.1007/s00248-
013-0245-9, 66, 462-470 (2013)

111. Wu Y. et al, Fusobacterium nucleatum potentiates intestinal
tumorigenesis in mice via a toll-like receptor 4/p21-activated
kinase 1 cascade, Dig. Dis. Sci., doi: 10.1007/ s10620-018-4999-2,
63, 1210-1218 (2018)

112. Xiong Y. et al, Short-chain fatty acids stimulate leptin
production in adipocytes through the G protein-coupled receptor
GPR41, Proc. Natl. Acad. Sci. U.S.A., doi: 10.1073/pnas.2637
002100, 1045-1050 (2004)

113. Yatsunenko T. et al, Human gut microbiome viewed across
age and geography, Nature, 486, 222-227 (2012)

114. Zimmermann M. et al, Mapping human microbiome drug
metabolism by gut bacteria and their genes, Nature,
DOI:10.1038/s41586-019-1291-3, 1, (2019)

115. Zou Y. et al, 1,520 reference genomes from cultivated human
gut bacteria enable functional microbiome analyses, Nat
Biotechnol., 37, 179-185 (2019).

(Received 28" December 2019, accepted 12t March 2020)


https://doi.org/10.1007/s00213-019-05216-0

