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Role of Gut Microbiota, Akkermansia muciniphilla,
in Healthy Aging

Chul-Ho Lee

Korea Research Institute of Bioscience & Biotechnology (KRIBB)

Healthy life span has been known to be determined by the interactions between
genetic and environmental factors. As aging progresses, both humans and
laboratory animal models considerably alter the composition of intestinal bacteria,
which changes affect the health and longevity. Therefore, it is important to
understand our microbiome, related to maintenance of the healthy function of
body. Because the microbiome contains 5~8 millions of microbial genes
compared to just 25,000 human genes, it enables human to defend against
disease and to adapt to new environments providing us capabilities that are not
encoded within our own genome. To figure out correlation between microbiome
pattern and aging process, the ideas such as probiotic administration and fecal
microbiota transplantation, have been applied to alter the gut microbiome and
promote healthy aging. Nevertheless, prolongation of the healthy span of aged
mice by remodeling the gut microbiome remains challenging. To investigate the
changes in gut microbial communities, their functions and healthy life span
during aging, we recently have applied three procedures including co-housing,
serum-injection, and parabiosis in young and aged mice. Through these
procedures, we were able to observe that the microbial community of aged mice
were changed to those of young mice. Also, the experimental results showed that
the compositional structure and gene abundance of the intestinal microbiota were
dynamically changed during the aging process. Especially, the metagenomic data
analysis underscores the importance of the high abundance of Akkermansia
muciniphilla and the butyrate biosynthesis pathway in aged mice showing young
mice microbial community. Furthermore, oral administration of Akkermansia
muciniphilla  sufficiently ameliorated the senescence-related phenotype and
extended the healthy life span, as evidenced by the frailty index and restoration
of muscle atrophy. These results provided a significant insight for developing

microbiome-based therapeutic implications to achieve healthy aging.
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The microbiome and recent probiotics research
(OFO] A 2 H}O] S 3} XpMCf X ZHFO]QE[XA L)

Hee Min Yoo

Korea Research Institute of Standards and Science (KRISS)

Probiotics are known for their ability to improve the health of the host. Many
studies are being conducted to elucidate the importance of probiotic bacteria and
to investigate how commensal bacterial flora colonization influences the body's
health or pathologic conditions (such as cancer).

Probiotics like Lactobacillus have been demonstrated to exhibit tumor-suppressive
effects in colorectal cancer cell lines and in mouse tumor models. Most probiotic
testing studies were previously conducted using two-dimensional (2D) systems.
However, 2D cultures cannot fully replicate the three-dimensional (3D)
interactions of cells and the extracellular matrix (ECM) within tissues. In contrast
to 2D cultures, which consist of monolayers on plastic, 3D cell cultures are
better suited to restore intrinsic properties and mimic in vivo behavior. Recently,
we investigated the potential anti-cancer effects of probiotic cell-free supernatant
(CFS) treatments that involve the use of Lactobacillus fermentum for colorectal
cancer (CRC) in 3D culture systems.

Additionally, short-chain fatty acids (SCFAs), which are produced by bacterial
fermentation in the gastrointestinal tract, have been found to have oncoprotective
effects against cervical cancer. The most well-known SCFAs are acetic acid,
butyric acid, and propionic acid, the latter of which has been shown to induce
apoptosis in cervical cancer cells. However, the mechanism by which SCFAs
suppress cervical cancer cell viability is still unknown. Our research aims to
provide a more in-depth look into the mechanism of propionic acid (PA) in
cervical cancer cells. Flow cytometry analysis revealed that PA causes reactive
oxygen species (ROS) to be generated, which in turn causes mitochondrial membrane
dysfunction. Furthermore, PA inhibits the NF-xB and AKT/mTOR signaling
pathways while also increasing LC3B protein levels, which results in autophagy.
Neurodegenerative diseases, which are caused by the dysfunction and death of
neuron cells and the central nervous system (CNS), include some of the most
common diseases in the world, such as Alzheimer's disease (AD), Parkinson's
disease (PD), and Huntington's disease (HD). In fact, neurodegenerative diseases
are the second leading cause of death after cancer. The effects of gut microbiota
on our brain and behavior have been well documented in recent decades.
Notably, intestinal microflora participates in mechanisms of bidirectional
communication between the gastrointestinal tract and the central nervous system.
Furthermore, several animal studies have shown that probiotics and lactobacillus
treatment can reduce anxiety and depression-like behavior. Probiotics may also be
beneficial by improving the intestinal barrier and immune responses.
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Quantitative proteomic analysis of gut microbiome
for discovery of pharmabiotics

Dukjin Kang

Korea Research Institute of Standards and Science

Very recently, the beneficial effects of microbes on human health are enough to
whip up interest in investigating the biological functions of gut microbiome and
its curative effects of human diseases. In general, trillions of microbes exist
mainly inside human intestines while interacting with each other in a symbiotic
way. Because of a large portion of microbes inside intestines that may weigh as
much as 1~2 kg (approximately similar to the brain), it goes to show that gut
microbes play crucial roles in metabolic regulations (e.g., digestion of foods,
immune system, central nervous system, and so on). In addition, it is reported
that the occurrence of inflammatory bowel disease (IBD), heart diseases, type 1
and 2 diabetes is also caused by the interaction between gut microbiome and
intestines. In this regard, there’s mightily important to perform grafting advanced
proteomic strategies onto the discovery of pharmabiotics whereby it is effective
for improving diverse human diseases. In this respect, we performed quantitative
proteomic analysis of Akkermansia muciniphila (AK) cells and their culture
medium (CM) at different culture conditions. AK is a Gram-negative, anaerobic,
oval-shaped bacterium and well-known that AK has health-promoting effects in
animal models, for instacne, reducing cardiovascular risks and obesity, glucose
intolerance, insulin resistance (Nature Medicine, doi:10.1038/s41591-019-0495-2).
In this presentation, we introduce an automated shotgun proteomics to identify
AK proteome using online two-dimensional liquid chromatography-electrospray
ionization-tandem mass spectrometer(2D-nLC-ESI-MS/MS). Secondly, coupling of
2D-nLC-ESI-MS/MS with isobaric labeling for quantitative profiling of AK
cellular and CM proteome will present in order to find out protein-based
pharmabiotic candidates. As a result, we found new Amuc #1 protein that might
be useful to provide health-promoting effect in inflammatory bowel disease
(IBD).








