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* Antonie van Leeuwenhoek — a Dutch merchant with no fortune or
university degree - sent a letter to the Royal Society of London in
1683, with the first description of a single-celled organism. The date
was September 17, the day that since 2017 was chosen to celebrate
the International Microorganism Day.

* In this famous letter, an exquisite description was made of the first
observation of living bacteria present on the dental plaque, which
was accompanied by drawings of the microorganisms observed and
their movements. Finally reaching microscopic life, the foundations of

Microbiology were laid.




 Of all the bacteria we encounter in our lives, only a small minority are
dedicated pathogens.

- While only about 5% of bacterial species are pathogenic, bacteria have
historically been the cause of a disproportionate amount of human
disease and death.
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 Specifically, about one in a billion microbial species is a human
pathogen. Indeed, approximately 1400 human pathogens have been
described, whereas it has been estimated that there are one trillion
microbial species on Earth, the vast majority of which remain
uncharacterized
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Difference Between Biotic and Abiotic
Components

The term biotic is made up of two terms: “bio” means living organism and

“ic” means like, thus

combined they are known as living organisms. Therefore it can also be defined as all living organisms

present on earth are known as biotic components.
Example: Plants, animals, human beings, decomposers, yeast, insects, etc. All these biotic
components interact to develop new generations i.e to reproduce new organisms to maintain stability in the food

chain.
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Difference Between Biotic and Abiotic Components:

Biotic Components

Abiotic Components

Living organisms present in the
ecosystem are known as biotic
components.

Chemical and physical factors
present in the ecosystem are
known as abiotic components.

They are living in nature.

They are non-living in nature.

For their existence, they need both
biotic and abiotic components.

For their existence, they don't
need biotic components.

They originated from the
biosphere only.

They originated from the
lithosphere, hydrosphere, and
atmosphere.

Examples: autotrophs,

heterotrophs, decomposers, etc.

Examples: light, water,
temperature, humidity, etc.
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We're Only About 43% Human

Weight of Organs & their Size

Brain (M)
(F)
Heart (M)
(F)
Kidney
Liver (M)
(F)
Lungs (Rt)
(Lt)
Ovaries
Pancreas
Placenta
Prostate
Spleen
Thyroid
. Uterus
Testes
Thymus
Adrenal
Spinal cord
Eye
Pupil Size

1400gm (1/50™ BW)
1250 gm

300-350 gm
250-300gm
130-150 gm

1500 gm

1300 gm

450gm

400gm

6 gm each

80 gm

400-600gm at term
20-30 gm

200 gm 12x7x2.5
25 gm

30-50 gm 1x2x3 inch.

10-15 gm 5x3x2 cm
15 gm

5egm

30 gm

7gm, 2.5cm
3-5mm

A 'reference man' (one who is 70 kg, 20-30 years old and 1.7
m tall) contains on average about 30 trillion human cells and
39 trillion bacteria, Those numbers are approximate but far

from the 10:1—ratie—. the researchers produce a ratio for
microbial to human cells for the average man of 1.3:1,

We have around 20-25,000 genes in each of our cells, but the
human microbiome potentially holds 450 times more

Meet your microbiome

BOdv fegion NumberS The bacteria that call you home
9 ?yapsli: Ifr’:s'cc; gl:tessg.'g% tococcus. .
Lungs (est.) ~10°/ml o
Breastmilk (est.) ~10°/L Mass of microbes 209 e omn
Ski n (tota') 1012 ’Svgiesgg::—’g:f{::est(:)heek), : _brllgss colf mlfcl;obss 10009
- Typical residen =
idetes
Gl tract (total) 1014 i
Vagina 10%/mi VAGINA G
Mass of microbes 20g
Typical resident Lactobacillus
MICROBIAL CELLS
OUTNUMBER YOUR
SKIN OWNCELLS1I0OTO1
Mass of microbes 200g : AND T\j{:\\gzggl——OTAL

Typical resident
Staphylococcus (oily areas).
Corynebacteria (moist areas)

>1.2kg


https://www.voanews.com/science-health/were-only-about-43-human-study-shows

Major Milestones in Microbiology

1865 AMendel laws of heredity

1862 Pastewr confirms germ theory

the Species™

1859 Darwin wntes “Ongin of

1852 Potato blight fungus identified

198 Efrlich *magic bullet™ a6

1928 Flesmiing penicillin

1933 Dornagk sulfa drugs

1944 _dvery, MoCarty ared Macl.eovd)
DIMNA is transforming principle

2001 Femrer &
1847 Senmnelwels hand hygiene Callins human
genome
1683 Lecuwernthoek bacteria
identified
1400s 1500s 1600s 1700s 1800s 1900s 2000s

1546 Fracastorius
“de Contagione™

1762 Plenciz germ theory proposed

1867 Listersterile
technigue

1870 AManson fillanasis

1882 Koch tuberculosis

1886 Maver 1st virus TMV

1892 Pfeiffer LPS

1896 Ross malaria

1995 1st complete
bacterial genome A
influenzae

1983 Auwllis PCR

1983 MonragnierHIV
identified

1952 Waison-Crick
DINA structure
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Ben Eseman reporied
a case of 4 patients with
PSeUdOMEMDaNncoUs emaerccoltis
cured with a foecal enemass,
before C dMicie was fownd
as the cause (Eseman. 18958)

itya Melchnisow
pProsenis & Theory
on roie of gut
microbme N
healtn and ciseaso
(Meatchnioll, 1923)

Arnome van Loousenihoosx
CiBCOvars e microarganisms,
making use of NI newly
Carvalopad MICroscapes

Faercnand Cohn lays
the foundations of
bacienciogical taxonomy
(Drerns, 2000)

Dscovery of anubiotics
by Alaxander Flammg
{Tan, 2015)

Gul microbiols tramsfer
n germ-free ankmais
(Schaedier. 1865)

Micraohats prograssion
n carty life reportec
(Star. 1982)

Frst numan fecal
sampie seguenoed
{Wikson. 1995)

Allrad Nas's isolaled
E. cobk Ns=ie 1917
Sirsn, peobiohic that

Germ free
mice rearac
{Reyniers, 1959)

Par Ardorvo Mchel:
classifcation of plants
and lurg

antagonzed pathogens P = =

(ScornerDam, 2016)

Robeart Koo ;-.;bis'wd Promeening work of Robert

Frst complete gencime
SeguUences of Ine baclera
Haemopteius inrfluenzae
and AMycopiasma genitaluem
(Fleischmanrn. 1985)

RS Crobscla affacts
metaboiizm of host

four postulanes establisyng
the causative relationstvp
between the presence of
& microorganisT and 8
specfic rdectious discase

E. Hungatle on refinement
of anserobic Gature lechmgues
which enabied first iIsolaion
wf human-associsied anaerobes

{Fungate, 1969)

Stucdies of host-assocated
microorganEams othear
than bacteria
(Gaamer, 2003)

diraecied drugs
(Peppercorn, 1972)

(Segme. 2013)

Artbiohic effects on
MICIoODota compasition
Brd st Pessth
(Jernberg, 2010)

Blomfaomatcs 100is enabic
snalyiis of Mmcrabicemes
seguencing data
(Capaorasce 2010)

Mucosaal srenunity
regedation by microbéotla
(Rakolf-Nahcwm, 2004,

Macrmarsan, 2005)

Modem cultunng methods
aexpand the culluratie
mycrobiota (Lagier, 2012)

Human mecrobiome

project launchec

Host phoenotypos
wansfer by fecal
MICroDonD
Tanaplantation (Sravo, 2011)
(Turmbaugh, 20085) - x
Earty life stress
Mo fatas gut-Drasn

The microbsclta-out-
-Dean axis ink slocdatec
({Colns, 2012)

Vagus r‘-erve - OISO
regulatory pathway between
Lrain and gul microbiots

Mcorobeally-procducec
short-chain lally acats

Prodocicon of anibioctics |
by the human rmicrobiota
(Donia. 2014)

Intestinal micrabiota signab e’
assocaled with sevenly of
Iimiabie Dowel syndrome
identifind (Zheng, 2016)

Reoosrert antiDofic exposare
is asscciated with incraased
rsk for dopresson and anxiety
(Lurie, 2015)

Cocosahexasncic acid
{DHA) mockdation of

Human microbiotla
affects response to
cancer tharapy (Routy,
2018; Matson, 2018)

Flavoncids and imessnal
mecrobes inloract o
aleviate depraession

(Zhao, 2022)

u

Gul baciena regulisie
Aamenanory pathways
wvough NLRPA signaking
-:Palog_im 2020)

ASalagencme-assarmiac
genomes provide
urprecedentad characiernizaton
of human-associsted microbiota
(Admeida, 2019; Pascill. 2019;
Nayfach, 2019)

Imestral epitheley

axis and ncreases
sk of Jepresson

induce regulatory T cell
production {Smith 2013

gut microbiota baes
baenaficial efect on

Noc-dke receplors ang
mochdators of gutl-brain

Atarashi 2013 Arpaia 2013) arcciety and depression

(Dawvis, 20M7)

{ONahony, 2009)

commumication
(Pusceddu, 2019)
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Symbiotic symphony: Understanding host—
microbiota dialogues in a spatial context

Soumi Chatterjee © P, Steven T. Leach <, Kei Lui <, Archi Mishra © P o ==
Advances In microbiota research

1 Role of microbiota on human health

Gut microbiota . S Localisation of
e S R o] B et B e
experiments functionality
: 16S rRNA as a Microbial- Gut microbiota
IVIN 18 B0 (kg marker for immune affects cancer
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isease : |
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colonisation drug to study the Influence
resistance metabolism genome immune Tregs




The word “probiotic” originates from the Latin, meaning “for life”,
although there are also links to the Greek lanquage, with bios
meaning "'lively'" or ""fit for life"

( Proteo )

y
( Parapro )
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* “The promise of Journalof
microbiome research ydopuboloey

results largely on the S
future of probiotics.... o
Eventually, it may become
possible to restore the
health of a depleted
microbiome simply by
swallowing a capsule
crammed with billions of
bacterial cells, or by eating
yogurt”
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Review of The prolongation of life. Optimistic studies.

© Request Permissions

Minot, C. S. (1908). Review of The prolongation of life. Optimistic studies [Review of the book The
prolongation of life. Optimistic studies, by E. Metchnikoff]. The Journal of Abnormal Psychology,
3(4), 301-302. https:/idoi.org/10.1037/h0066131

Reviews the book, The prolongation of life. Optimistic studies by Elie Metchnikoff (1908). The
volume, although entitled "The Prolongation of Life," is really a collection of essays, more or 1ess
detached in substance from one another, and only in part dealing with the problem which gives its
title to the wark. In his treatment of old age, Metchnikof appears as a pleasantly optimistic
naturalist, and it is this attitude of optimism which imparts to the volume such unity as one may find
in it. His method of dealing with old age is characteristic. He treats it as a special, isolated condition.
Metchnikoff's book is certainly well worth reading by those interested in the subjects he discusses,
but the reader should not overlook the fact that he deals only with secondary and relatively
unimportant details, and never in any part of the book shows ability to measure the full breadth of
the biological problems upon which he touches, and never even discusses the essential
fundamental phenomena of old age. As his view is narrow, 5o are his conclusions; and yet the book
is enriched with a great number of curious and interesting facts concerning animals and plants in
relation to age, longevity, and death, all of which are presented with charming skill. Finally, a word
should be said in acknowledgement of the very admirable quality of the English translation of Mr.
Mitchell. One could not ask for anything better. (Psycinfo Database Record (c) 2021 APA, all rights



The H |5tory Of PrOb|Ot|CS Elie Metchnikoff (1845-1916)

* Probiotics, as we know them, began their journey over
a century ago when they were discovered by Russian
scientist and Nobel Prize winner, Elie Metchnikoff of
the Pasteur Institute in Paris.

* In 1907, whilst working in Bulgaria, Metchnikoff was
intrigued as to why certain inhabitants of the
Bulgarian population lived much longer than others.
He particularly focused his study on centenarians,
people who've lived past the age of 100. He
researched possible links between their extraordinary
age and their lifestyle

 What Metchnikoff discovered was that the villagers
living in the Caucasus Mountains were drinking a
fermented yoghurt drink on a daily basis. His studies
Into the drink Tound that it contained a probiotic called
Lactobacillus bulgaricus which seemingly improved
their health and increased their lifespan. born on May 3, 1845 near Kharkow, Russia
(now part of Ukraine).




SCIENCE SIGNALING | FOCUS

MICROBIOME

Microbiome studies in the medical sciences

and the need for closer multidisciplinary interplay

Nicasio Mancini'#, Francesco Peri**, Maria Rescigno®**, Ivan Zanoni**

Copyright © 2020
The Authaors, some
rights reserved;
axclusive licensee
American Association
for the Advancement
of Science. No claim
to original U.S.
Government Works

Next-generation sequencing techniques have enabled identification of the microorganisms colonizing mucosal
tissues. The International Congress "MicrobiotaMi 2020" (Milan, February 2020) will focus on the mechanisms of
microbiota-related functions in health and disease and their clinical application.

The past 15 years have witnessed a genomic
revolution in microbiology and the medical
sciences. Next-generation sequencing tech-
niques have fostered the identification of the
microorganisms that colonize our mucosal
tissues—including the gut, the lung, and the

skin—and have enabled the rapid expansion
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anism or on murine-specific microbes, some-
times with no clear association to their real
clinical importance. On the other hand, clin-
ical studies are often correlative and have
identified microbes of interest, which are not
consistent among studies. In the end, a lack

of communication among different research-
SRR R . SN o RSO [P L —

Gl tract with the microbiota derived from two
monozygous twins, highly discordant for their
fat mass, led to different weight gain in mice
with the same caloric intake (4). Attention
moved quickly from the bench to the clinics,
and back, also because of the “epidemic” ef-

fect of obesity in Western countries. Since
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metabolites

Review

An Integrated Multi-Disciplinary Perspective for
Addressing Challenges of the Human Gut Microbiome

Microbiology
==
- Iy

Gastroeterology
o

Rohan M. Shah 27, Elizabeth J. McKenzie *, Magda T. Rosin ?, Snehal R. Jadhav #,
Shakuntla V. Gondalia °, Douglas Rosendale ® and David ]. Beale >
1

Basic skills

Department of Chemistry and Biotechnology, Faculty of Science, Engineering and Technology,

Swinburne University of Technology, Hawthorn, VIC 3122, Australia; rshah@swin.edu.au

2 Land and Water, Commonwealth Scientific and Industrial Research Organization (CSIRO),
Dutton Park, QLD 4102, Australia

3 Liggins Institute, The University of Auckland, Grafton, Auckland 1142, New Zealand;

liz.mckenzie@auckland.ac.nz (E.J.M.); m.rosin@auckland.ac.nz (M.TR.)

Centre for Advanced Sensory Science, School of Exercise and Nutrition Sciences, Deakin University,
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Clinical problems

Cardiovascular disease
-
: C. difficile colitis

Pharmacomicrobiomics —
Lung cancer

M o




>>o@® A field is born (FOREWORD)
1944 Culturing anaerobes (MILESTONE 1)
OS5 8 Mraccalimicrobiota transplantation for Clostridioides difficile infection (MILESTONE 2)
LY 65 MG It obiora e ler experiments in germ-free animals (MILESTONE 3)
1972 The microbiota influences metabolism of host-directed drugs (MILESTONE 4)
] 98 ] Microbiota succession in early life (MILESTONE 5)
1996 Sequence-based identification of human associated microbiota (MILESTONE &)
1998  stability and individuality of adult microbiota (MILESTONE 7)
Y ty

eyon acteria: studies of other host-associated microorganisms (MILESTONE 8)
2003 ¥ pevondb dies of other h d g
2004 Regulation of mucosal immunity by the microbiota [MILESTONE S)
2005 The importance of adequately feeding your microbiota (MILESTONE 10)

ransfer of host phenotypes through microbiota transplantation (MILESTONE 11)
2006 Transfer of host phenotypes through b L
2 006 Impact of diet—microbiota interactions on human metabolism (MILESTONE 12)
2 007 Mechanisms of colonization resistance (MILESTONE 13)

2007 Functional human microbiota analyses in vivo using 'omics technologies (MILESTONE 14)

Produced by: Nature, Nature Microbiology, Nature Reviews Microbiologlfl
and Nature Medicine



Nature Milestones in Human
Microbiota Research

2010 Antibiotic effects on microbiota composition and host health (MILESTONE 15)

2010 Bioinformatics tools enable the analysis of microbiome sequencing data (MILESTONE 16)
2010 Microbiome analyses in large human populations (MILESTONE 17)

2011 The microbiota—gut—brain axis [MILESTONE 18]

2012 Modemn culturing efforts expand the culturable microbiota [MILESTONE 19)

20] 2 Global human microbiome (MILESTONE 20)

2013 Microbially-produced short-chain fatty acids induce regulatory T cell production
(MILESTONE 21)

2 O ] 4 Production of antibiotics by the human microbiota (MILESTONE 22)
Yy
2015 Host-targeted drugs affect microbiota populations [MILESTONE 23)

2018 Humen microbiota affects response to cancer therapy (MILESTONE 24)

2019 Metagenome-assembled genomes provide unprecedented characterization of
human-associated microbiota [MILESTONE 25)




l \\) ‘ The goals of the HMP are: -

114

l (1) To take advantage of new, high-throughput technologies to

©,

characterize the human microbiome more fully by studying
samples from multiple body sites from each of at least 250 )
“normal” volunteers

- (3) To provide both a standardized data resource and new
~ technological approaches to enable such studies to be

undertaken broadly in the scientific community

(4) The ultimate objective of the HMP is to demonstrate that
there are opportunities to improve human health through
monitoring or manipulation of the human microbiome




Achievements of
the Human Microbiome Project

Some of the areas currently being questioned by HMP researchers include the
following:

* How a certain microbiome is established in a person
and whether or not it changes over time

e How the microbiota and host interact
e How certain microbial combinations influence disease
* How the microbiome is affected by antibiotics

* How microbes affect a person’s response to
medications

* Whether changing the microbiome can enhance
human health



The healthy human microbiome

*Gilidobactenaceae
+Lactcbacllacesa

* Enterobactenaceae
*Sa

ccharomycataceas
\-mmum 2,

Taxonomy
| Skin Person 1
* Proplordbactenum <o o
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o Moraxeda . "“o%

Nearby speces
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Goography

Host genetics/diet

b

Furction

All body sites

* Broudly conserved pathways (e.g. central carbon

metaboliam, cell cyck, structural protens)

* ColoniznSon resistence
* Immune edacation (e LPS, PANFS)

Mouth
* Simple cartbohydrale breakdown
* Regulation of pH (v nitrale
reduction and arginne deiminase)

Skin

«Vitamin D biasynthosis
Vagina

* Reguation of pH (via lactic acid
productiond

* Production of short chain falty acids via

carbolydrate fermertation

*Glycosaminoglycan degeadaton

Dyramics

« HMP Phase One (2007-2012)
Metagenomic analysis of microbial
community composition

« HMP Phase Two (2013-2016)
Phase Two ($25M): Integrative
HMP “iHMP”

Nondisease
$289M

Disease
$502M

100+ classes of disease over FY12-16

Type of dysbiosis

A change in microbial
community structure
Outgrowth of pathobionts
Loss of commensals

Loss of diversity




Total abundance of bacteria according to the different body
sites. Bounds for bacteria number in different organs, derived

from bacterial concentrations and volume

The Human Microbiome

1. Thousands of microbial species*, possessing millions of genes, live with humans.

2. Known as the microbiome, most are not culturable.
Body region Numbers § ™ '-':\
Mouth (total) 102 o
lngs(est)  ~10%ml T
Breastmilk (est) ~10°L & °

Skin (total) 102 =
Gltract (total) 104 @
Vagina 10/ml :\3 v

“bacteri, fungi, viruses, phoge,archoed, protoros, (helminths)
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3. These microbes
acquired each generation.

4. Microbiome maturation continues to age 2 or 3,
along with immune system development.

5. These microbial genes encode myriad metabolic
capabilities.

6. The human microbiome augments/extends
capabilities encoded in the human genome.

) é : Oral cavity
| ' 10" - 10"
- pH 62-75
pO2 ~83-113 mmHg

™) Ski

sH5.0.55
pO2 ~145 mmMg
(atmospheric pO2)
A
Stomach f
107 |
pH15-3.0 Duodenum
pO2 ~60-77 mmHg 107
; ¢H 5.6-8.0
Jejunum pO2 ~30 mmHg
107
pH57-7.5 lleum
pO2 ~10-34 mmHg 10" COlon
pH57.75 10"

pO2 ~10-34 mmHg

pH 67-85
pO2 ~0.5-11 mmHg
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Probiotic/Prebiotic
Synbiotic
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Gut Microbiota

Dysbiosis — Brain Axis
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-
ga * - Food 3 Vagus Mental illnes/mood disorder
"'ﬁ ,{, /M nerve {’ Anxiety, depression
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- Autisrrs
Antibiotic treatment T Metabolic disorder
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Dysbiosis

Microorganisms (Phylum)
Firmmicutes (incl, [ actobacillus) Colonization
Bacteroidetes

and toxins

Acli H_, O, bacteriocins

~ | i

Actinobacteria (incl, Bifidobactericurr)
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Microbial balance

“w Healthy Gastro-intestinal tract

Fusobacteria .

4 N

Diarrhea

Locally Roo

Cancer colon

Gut Microbiota
— Liver Axis

Representation of a
bi-or
multidirectional
communication link
or 'axis' between
gut, associated
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Complex interplay of the human gut microbiome and human genome in human health

Demography

n

Interaction‘Genetic Variations

-

_ Gutmicrobiota

Main phyla:
Bacteroidetes, Firmicutes,

Actinobacteria,

Verrucomicrobia

Dicer 1, DNMT31,
DNMT3B

Proteobacteria, Fusobacteria,

microRNA:
miR (s) family




Revisit gut microbiota and its impact on human health and disease

Gut microbiota

P— "1  Dominant microbial(98%)-

/‘J‘_-‘ R ‘—J l —~—

n2  Other microorganisms(2%o)«

-~

12% Actinobacteria

39% Bacteroidetes

49%  Firmicutes

40% Lactobacillae

Obesity+ 40% Streptococci

Hypertension+ 20% Enterobacteria

CVD«

Diabetes+ =




A shift in the understanding of the microbial-host coevolution
from the “separation” theories to the holistic approach

,separation”

Microbiome flexibility:
The potential for dynamic

pathogens =i .1 symbionts restructuring of the host
. € N microbiome in the face of
antagonistic coevolution)) /¢ Mutualistic coevolution environmental change.

|\
| A

HOLOBIONT
evolution

Holistic approach



Overview of (coral) metaorganism (ecological) adaptation
mechanisms
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Putative mechanisms are ordered by time scales on which they may occur (from left to right):

from long-term processes such as (host) genetic adaptation on the left that manifest over the course of
generations, to epigenetic modifications that presumably happen over the course of one generation to the
next, to physiological acclimation that happens within the lifetime of an individual, to microbial
community changes that may happen within the course of months, weeks, or hours. Given the latter,
flexible microbial association may constitute a fast-response mechanism to rapid environmental change.



Paradigm shifts

Method Innovations

Important Discoveries 17th century

-@-ﬁg

single-acting, unsocial organisms causing diseases

strongly interacting microbes that built up stable network structures &
interact with host/environmentin a variety of ways

e
o
’ ‘ONE HEALTH :
Y

wiy

e
o

advances in microbiome research leadingto the One Health concept that
implies interconnection of all areas of life through their respective
microbiota

1670 Microscopy

1857 cultivation based approaches

1911 fluorescence microscopy
1911 mass spectrometry

1931-38 electron & scanning-
transmission microscopy

1969 in situ Hybridization

1970s HPLC

1975 DNA array/colony hybridization
1977 Sanger sequencing

and molecular fingerprinting

1983 PCR technique

1988 fluorescence-insitu-hybridization

1993 quantitative real-time PCR
1995 full-cyle rRNA approach

2005 next-generationsequencing

2008/9 third-generation sequencing

1670 discovery of microorganisms (Anthonyvan Leuwenhook “Father of Microbiology”)

1729 classification of plants and fungi (Pier Antonio Micheli)

1796 first vaccination (Edward Jenner)

1837 yeastin alcoholic fermentation (Charles C. de la Tour, Friedrich T. Kiitzung and Theodor Schwann)
1857-1855 Pasterisation, fermentation, vaccine against rabies (Louis Pasteur)

1875 foundation for bacteriological taxonomy (Ferdinand Cohn)

1884 RobertKochs' postulates

1888-begin of microbial ecology by Sergei Winogradsky (nitrification, nitrogen-fixation, soil microbiology,
cycle-of-life)

1892 tobacco-mosaik-virusextraction from leafs (Dmitril. vanovski and Martinus Beijerinck)

1922 chemolithotrophy (Sergei Winogradsky)

1904 the rhizosphere concept (Lorenz Hiltner)

1928 transformation of the genetic information to their offsprings (Frederick Griffith)

1928 discovery of antibiotics (Alexander Fleming)

1944 DNA as carrier of genetic information (Oswald Avery, Colin MacLeod, Maclyn McCarty)

1946 ‘sexual reproduction’ of bacteria (loshua Lederberg and Edward Tatum)

1953 3D-double-helixstructure (James Watson and Francis Crick )

1970 central dogma of molecular biology (Francis Crick)

1977 discovery of Archaea (Carl Woese and George E. Fox) and first full genome sequence of a virus
1982 discoveryof prions (StanleyB. Prusiner)

1991 theoryof the holobiont (Eugene Rosenbergand llana Zilber-Rosenberg)
1993 discovery of the complexstructures of biofilms (Hans-Curt Flemming)
1995 first Genome of Haemophilus influenzae (John C. Venter and colleagues)
2005 HMP: Human Microbiome Project

2008 TerraGenome: Reference Soil Metagenome Project

2010 EarthMicrobiome Project

21th century

The history of microbiome research from 17th century until our days, highlighting the
shift of the paradigm from microbes as unsocial organisms causing diseases to the
holistic view of microorganisms being the center of the One Health Concept:
positively interconnecting all areas of our lives.



Toward a Predictive Understanding of Earth’s
Microbiomes to Address 21st Century Challenges
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MEETING REPORT Open Access

Microbiome for Mars: surveying C@w
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Microbiome-based innovations can support the achievement of the United Nations
Sustainable Development Goals
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Broad-band applications

&

Dietary change TR T : Soil management

8 Blo.econom\t(/I 3
environmenta o
FMT - . < ~» Complex communities
microbiome
R 2 - 8
. . 7 —— . -
Microbiota-based products , g i Single inoculants
|
Precision medicine  » | f = Precision agriculture

Precision treatments
—_——_

The schematic showing the cross-field microbiome-application trend that goes from broad-band applications direction
microbiome-based precision treatment in all areas of microbiome research, such as agriculture, human and animal
medicine, and bioeconomy, while the interconnection between these areas by the means of the cycling of subsets of
microbial communities is an underlying concept behind the One Health approach. The synergies between the microbiome
applications in the areas of medicine (left) and agriculture (right) are shown with the horizontal arrows following the flow
(vertical arrows) from the broadband applications (upper part) to the precision treatments (lower part)



Scientists identified two bacteria from gut microbiota linked to
mental health

» That is precisely what researchers of the Catholic University of Leuven, in Belgium, have just
done. They have found most human gut bacteria do produce neurotransmitters, which are
chemicals like dopamine and serotonin that enable communication among neurons, which are the
nervous cells in the brain, but also in the enteric nervous system of the gut.

« These neurotransmitters are known to influence intestinal functions, but also our mood and
behavior.

» Moreover, scientists, led by microbiologist Jeroen Raes, coauthor of the study that has
been published in Nature Microbiology, have discovered
people suffering from depression lack two bacteria in their gut microbiota, .

called Coprococcus and Dialister.

The neuroactive potential of the human gut microbiota in quality of life and depression. Nature Microbiology, 2019. doi: 10.1038/s41564-018-0337-x
Antidepressants affect gut microbiota and Ruminococcus flavefaciens is able to abolish their effects on depressive-like behavior
Translational Psychiatry :volume 9, : 133 (2019)

32


https://www.kuleuven.be/english/
http://www.vib.be/en/research/scientists/Pages/Jeroen-Raes-Lab.aspx
https://www.nature.com/articles/s41564-018-0337-x
https://rdcu.be/bmVI7
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Gut microbes in neurocognitive and mental health disorders

(F)
HPA AXIS

Hypothalamus
CRH

>
<@

Blood Stream

(E)

Pituitary

Bacterial Translocation due to

(D) increased gut permeability
Cortisol Chemokines
and
cytokines<4 > (B)

Adrenal
Gland

SCFA, LPS, Peptidoglycans
Microbial metabolites

Endocrine

Intestinal Epithelium

Intestinal Lumen

Depiction of the bidirectional (two-way) communication between the brain and gut through the vagus nerve (A) and the immune system. Communication is achieved through various
mechanisms including microbial by-products, such as SCFA, LPS and peptidoglycans (B), release of neurotransmitters (GABA, Norepinephrine, Serotonin, Acetylcholine, and others)
and endocrine messengers via the enteroendocrine cells (C) as well as chemokine and cytokine release that can lead to neuroinflammation (D). Stress can influence the microbiota
causing dysbiosis leading to an alteration of the immune system, SCFA and tryptophan levels, increasing gut permeability (“Leaky gut) (E) and activation of the HPA axis (F).



Stress and the psyche-brain-immune network in psychiatric diseases based on

psychoneuroendocrineimmunology

EPIGENETIC CHANGES
IN NEURAL CIRCUITRY

/ AND BRAIN FUNCTION r.no. | Neurotransmitter | Gut microbiota families/genera | Examples of Bacterial Strains
STRESS g - TREATMENT
« EARLY LIFE ADVERSITIES = MIND- 0D THERAPEES 1 Acetylcholine Lactobacillus Lactobacillus plantarum
* TRAUMA, ABUSE « PSYCHOTHERAPY
S S 2 Dopamine Bacillus, Escherichia Escherichia coli, Bacillus subtili
2 3 GABA Bifidobacterium,  Lactobacillus, | Bifidobacterium adolescentis, Lactobacillus
QA b RGBIRTC e Bacteroides,  Parabacteroides, | plantarum  (ATCC14917),  Alistipes
\ REVERSION Alistepes putredinis
4 Noradrenaline Bacillus, Escherichia Escherichia coli (K-12), Bacillus mycoides
- HPA SNS
FERISSEESS l l 5 Serotonin Lactobacillus, ~ Streptococcus, | Lactobacillus  plantarum  (FI8595),
BEHAVIOR CORTISOL  NFkB Escherichia Streptococcus thermophilus (NCFB2392)
CHANGES MOOD  IMMUNE
IMMUNE CYTOKINES *DIET i Sale—u b Histamine Lactobacillus, Enterobacter Lactobacillus  plantarum  (FIB595),

CELLS * SMOKING

* SEDENTARY LIFESTYLE
* SOCIAL AVOIDANCE

* DRINKING

* ADDICTION

METABOLOMIC

\-|: RESILIENCE

CIRCULATORY, METABOLIC,

BIOLOGICAL BN
SYSTEMS PERIPHERAL NERVOUS

HEART, LIVER, GUT,
GONADS, LUNG.

Lactococcus lactis subsp. cremoris (MG
1363)

Moody Microbiome

Chronic psychosocial stress, that is, early life adversities, trauma, abuse, and major life
events, can induce neuroendocrine stress system activation and epigenetic changes in

neural circuitry



Timeline of the history and milestones of intratumoral microbiota. The eight
key research milestones of intratumoral microbiota were retrospectively
summarized from 1550 BC to present day
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Importance of the microbiota in cancer. (a) Bar graphs showing the number of manuscripts published by
interrogation of the PubMed bibliographic database using the keywords “microbiome AND cancer” (red,
top) and “gene mutation AND cancer” (blue, bottom). (b) Graph showing the growth rate of the
“microbiome AND cancer” topic (red) vs the “gene mutation AND cancer” topic calculated in the last 10
years



-0mics, -ome, -omes

* Ome and omics are convenient ways to describe a holistic way of looking at complex systems. In the mid 1990's
bioinformatists started realizing the convenience of -omics and used terms for many fields; such as,

Genome, metabolome, textome, interactome, bacteriome, virome, microbiome, mycobiome, resistome, eukaryome,
funciorne, transcriptome, metabolome, connectome, proteome, neurome and so on.

 An “ome” is a totality. So a genome is all the DNA, including the genes, in a cell or organism. All of our proteins make
up our proteome. Omic technologies allow researchers to see a more-complete picture of the ome they’re interested
in.

* _Genomics and epigenomics: The cell’s hardware and software
The study of the GENOME; how many GENES, physical map, sequence of their DNA, structure...

Transcriptomics:

¢ Proteomics and Proteogenomics: Doing the work. The study of the PROTEOME; which PROTEINS, when,
where and how much...

 Metabolomics: Fuel for living

* _Maeta-omics of the microbiome: We are not alone




The Human Project story

@ Human Brain Project The human connectome: just another ‘ome?

After the Human Genome Project there came proteomes, transcriptomes, and epigenomes.
There was even a Human Microbiome Project launched last year by the US National Institutes of
Health. Are neuroscientists just jumping on the ‘ome bandwagon, oris there truly a benefit to
deciphering and detailing the human connectome? Ruth Williams reports.

‘Ome,’ the Sound of the Scientific
Universe Expanding

- CONNECTDME Studies -~ Software

k}J COORDINATION FACILITY

Human Connectome Project for Early
Psychosis

Study Home About This Study ~ Data ~ Documentation Contact

>> DISEASE STUDIES = HUMAMN COMMECTOME PROJECT FOR EARLY PSYCHOSIS = STUDY COMTACT PAGE
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Growth of the “ome-
ome”, or the types of
“omic” data, over time —

based on mentions in  Sof e
Medline abstracts.
Chaol analysis indicates

that there may be over
3,000 “omes”




Gene Expression Level

Omic technologies and the information they provide in gut-microbiome
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Gut microbiome research —>  Omics technology —> Information they provide

Gut '. = '..._‘ ==
microbes ’*.

-
3 "
@ ’ Metagenomlcs{

Which microbes are present?
What is their relative abundance?
What microbial genes are present?

DNA "}

Which microbial mRNA are present?
What are their potential functions?
What is their relative abundance?
Which microbes produced them?

Which microbial proteins are present?
How much of the proteins are present?
What are their known functions?
Which microbes expressed them?

P >

o ,. ’ Metaproteomics

“~

Protein

Which microbial metabolites are present?
How much of the metabolites are present?
What are their known functions?
Which microbes produced them?

-~

L .
Moatabolites ,,OQ_\_O'° g J‘ ' Metabolomics :

Cancer pharmacomicrobiomics:
targeting microbiota to optimise
gut microbiota has extremely complex interactions with cancer
drugs by means of pharmacokinetics (eg, metabolism,

cancer therapy outcomes. The

enzymatic degradation) and pharmacodynamics (eg,
immunomodulation).
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Seeking the Psilocybiome: Psychedelics meet the microbiota-gut-brain axis m
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The defensome of complex bacterial
communities
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Bacteria have developed various defense mechanisms to avoid infection and

™ Check for updates killing in response to the fast evolution and turnover of viruses and other

Bacteria have developed various defense mechanisms to avoid infection and killing in response
to the fast evolution and turnover of viruses and other genetic parasites. Such pan-immune
system (defensome) encompasses a growing number of defense lines that include well-studied
innate and adaptive systems such as restriction-modification, CRISPR-Cas and abortive
infection, but also newly found ones whose mechanisms are still poorly understood.

the defensomes of 7759 high-quality bacterial population genomes
reconstructed from soil, marine, and human gut environments. That
observed a wide variation in the frequency and nature of the defensome
among large phyla, which correlated with lifestyle, genome size, habitat,
and geographic background.



Antiaging Strategies and Remedies:
A Landscape of Research Progress and Promise

Rumiana Tenchov, Janet M. Sasso, Xinmei Wang, and Qionggiong Angela Zhou*
Cite This: ACS Chem. Neurosci. 2024, 15, 408-446

Anti-aging strategy Hallmark of aging
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Relationship between antiaging strategies and the hallmarks of
aging they counteract.




Fecal Microbiota Transplantation Emerges as a Novel
T T Strategy to Combat Aging | i
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potential mechanisms and challenges of FMT, highlighting its potential to enhance aging-related health outcomes.
Aging and Dysbiosis: Age-related changes lead to dysbiosis—an imbalance in gut microbiota.
Restoring Balance: FMT, transferring beneficial microbes from a healthy donor to recipients with disrupted microbiota, shows

promise in restoring balance.
Youthful Impact: Studies indicate FMT from young donors yields more significant benefits than from aged donors. Across

Organs: FMT holds potential to ameliorate aging-associated impairments across diverse organs.
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A host—microbiota interactome reveals extensive
transkingdom connectivity

Micole D. Sonnert, Conmnnor E. Bosen, Andrew B, Ghazi, Eric A. Franzosa, Brianna Duncan-Lowey, Jaime A,

Gonzaler-Hernmander, John D Huck, ¥i Yang, ¥ile Dai, Tyler &, Rice, Mytien T. NMguyen, Deguang Song, Yiywun

Cao, Anjelica L. BMartin, Aqgata A, Bielecka, SuFzanne Fischer, Changhui Guan, Julia Oh, Curtis Huttenhower,

HSaron MM, Ring B & MNoah W. Palm B3

MNature 628, 171179 (2024) | Cite this article

21k Accesses | 1 Citations | 109 Altmetric | Metrics

* Classical pathogens often invade host tissues and modulate immune responses through interactions
with human extracellular and secreted proteins (the ‘exoproteome’). Commensal microorganisms may
also facilitate niche colonization and shape host biology by engaging host exoproteins; however, direct
exoproteome—microbiota interactions remain largely unexplored.

* Developed and validated a novel technology, BASEHIT, that enables proteome-scale assessment of
human exoproteome—microbiome interactions.

 Using BASEHIT, researchers interrogated more than 1.7 million potential interactions
between 519 human-associated bacterial strains from diverse phylogenies and
tissues of origin and 3,324 human exoproteins.

e The resulting interactome revealed an extensive network of transkingdom connectivity
consisting of thousands of previously undescribed host—microorganism interactions involving 383 strains
and 651 host proteins. Specific binding patterns within this network implied underlying biological logic;
for example, conspecific strains exhibited shared exoprotein-binding patterns, and individual tissue
isolates uniguely bound tissue-specific exoproteins.

potential roles in niche colonization, tissue remodelling and immunomodulation,




Oncobiome Project presentation

In view of the world-wide epidemic of cancer, which is linked to environmental and life-style factors,
there is an unmet medical need in breakthrough concepts to understand the causes of neoplasia.

l Incidence . Prognosis Sl e e e
g to therapy therapy

4 operational objectives

To identify and validate core or cancer-specificGut OncoMicrobial
signatures (GOMS), associated to cancer occurence or progression 0

To decipher the functional relevance of cancer-associated gut
commencal ecosystem to regulate host immunity and impact on
prevention or progression

To develop novel
diagnosis
tools

To integrate and combine gut GOMS with other relevant
biomarkers to define accurate diagnostics sighatures for
predection and prognosis of cancer

2 main goals

To harness
the gut
microbiome
in prophylaxis
measures against
cancer

To design optimal diagnosis tools, based on those integrated
signatures that will allow prediction of cancer occurence and
progression




THE HUMAN MICROBIOTA: A Novel Scientific Avenue with Potential for Improving Services Across the Entire
Continuum of Cancer Care

e Non-invasive
monitoring via
microbiome as
surrogate marker for
assessing state of
immunity and health at
individual or
community level.

e Assessing efficacy of
diet, physical activity
regimen.

e Monitoring of
potentially cancer-
predisposing
environmental
exposures.

Early screening/
assessment of cancer
predisposition, and
risk.

Monitoring recovery
and therapeutic
progression.
Evaluating efficacy and
side effects of drugs
and other xenobiotic
interventions.
Routine monitoring of
health.

Patient stratification
(Responder- Non
Responder).

TREATMENT

Dose optimization.
Control undesired
microbiome dysbiosis
via adjunct pre-/pro-
biotics.
Microbe/microbiome
formulations (live
biotherapeutics), e.g.,
probiotics, synbiotics,
etc.

Microbiome
derivatives
(Postbiotics).

PALLIATIVE CARE
AND
SURVIVORSHIP

Surveillance for
predicting disease
recurrence.

Early screening for
related cancers in
individual, family or
community.
Pharmacovigilance via
mapping syndrome
symptoms to
microbiome structure.
Palliative care via
personalized
pre/probiotics.

The Human Microbiota: A Novel Scientific Avenue with Potential for Improving Services Across the
Entire Continuum of Cancer Care. The figure illustrates the potential role of the human microbiota in
various stages of cancer care, including prevention, screening, diagnosis, treatment, palliative &

supportive care.



©1943

Penicillin
introduced as first
commercially
available
antibiotic.

The Development of

ANTIMICROBIAL
RESISTANGCE

© 1946

Streptomycin
introduced
commercially as first
drug effective
against tuberculosis.

®©2017 °©

A Nevada
woman dies
from a
bacterial
infection
resistant to all
26 antibiotics
available in the
United States.

| |
2016  ®2015

A new resistance The National Action
gene, mcr-1, Plan to Combat

which conveys Antibiotic Resistant
resistance 10 Bacteria is unveiled as a
several last line multipronged approach
antibiotics is found to addressing the
circulating in increasingly dire threat
several US states of antimicrobial

for the first time. resistance.

r s
1950's-70’s
more than 20 new classes of
antibiotics are introduced
commeercially in this thirty year
period often referred to as the
“Golden Age of Antibiotics.”

[ rf..

©2013

The Centers for
Disease Control and
Prevention release their

® 1950

®1959 ©1960

Tetracycline Strains of Methicillin is
introduced Shigella bacteria introduced as
commercially as begin to show a next

a new class of resistance to generation
antibiotic. tetracycline. penicillin.

P
Sails

©2012 ©2009

“Antibiotic R it
Threats in the United
States” report which
lists 3 "urgent” threats,
12 “serious” threats,
and 3 "concerning”
threats.

Several hospitals Strains of

report outbreaks of Neisseria

carbapenem gonorrhoeae are
istant found that are

Enterobacteriaceae resistant to all

(CRE) due to
improperly cleaned
duodenoscopes.

known treatments
are discovered.

© 1964

©1965 1968

1970’s-80’s

®1972 *© 1988

IDSA's first Penicillin First US case over 60 antibiotics are Vancomycin is Vancomycin
President Maxwell  resistant of methicillin discovered in this twenty year introduced in resistant
Finland warns of pneumonia resistant period, mostly variations on the US. Enterococcus
the dangers of begins to Staphylococcus  ajready discovered classes. (VRE) are
antibiotic spread. aureus (MRSA) discovered.
resistance in in a Boston

bacteria and hospital.

champions some
of the early work in
the field.

© 2008

A new gene called
New Delhi
metallo-beta-lactamase
(NDM-1} is discovered
that gives bacteria

|
=

1990°'s-2000’s

The number of companies
conducting antimicrobial research
plummets from several dozens to
single digits as 'low hanging fruit'
already has been discovered and
commercial returns on new
antibiotics become inadequate.

1990’s-2010’s

Only 2 new classes of antibiot-
ics are commercially introduced
in this thirty year period.

©2004/5 ®2000 *® 1996

Strains of
Acinetobacter and
Pseudomonas are
discovered that
have become

complete 1t to
two of the largest and
most used classes of
antibiotics.

resi: tto
virtually all known
antibiotics.

The first case
of extremely
drug resistant
tuberculosis is
diagnosed
(XDR TB}.

Levofloxacin introduced as
a second line antibiotic to
combat pneumonia
resistant to more common
antibiotics, but some
strains develop resistance
to this new treatment
within the year.

Legend
@ Progressive Steps

@ Events of Resistance




The antibiotic resistome: what's new?

The term “antibiotic resistome” was first coined in 2006 by Gerry Wright’s groupLater, the resistome was defined as
“a collection of all the ARGs and their precursors in pathogenic and nonpathogenic bacteria. Its constituents were
precisely described as “all ARGs, including those circulating in pathogenic bacteria, antibiotic producers, and benign
nonpathogenic bacteria”. Considering the origin of ARGs, the resistome has been suggested to include
protoresistance genes as a deep reservoir of ARG precursors, as well as clinical, environmental, and intrinsic

In summary, the antibiotic resistome encompasses all types of ARGs (acquired and intrinsic
resistance genes), their precursors, and some potential resistance mechanisms within
microbial communities that require evolution or alterations in the expression context to confer
resistance

Resistome e Group of all existing resistance genes (known or unknown) in the world
Acqguired resistance e Phenotypically resistant to an antibiotic due to the presence of a resistance gene that is not natively present in
other taxonomically related bacteria.
e Resistance gene is present on a plasmid or on the chromosome
e Resistance can be vertically or horizontally transferred
Intrinsic resistance e Phenotypically resistant due to a trait common to all taxonomically related bacteria (e.g. LPS, efflux pumps)
e Resistance gene(s) is/are present on the chromosome only
e Resistance is vertically transmitted
Silent/cryptic resistance e Phenotypically sensitive (no growth in presence of antibiotic)
e Resistance genes are functional, but are not expressed
e Clinical/environmental prevalence unknown
e May become clinically significant if expression is restored by either mutation or mobilization
Proto-resistance e Phenotypically sensitive (no growth in presence of antibiotic)
e Proto-resistance genes have little/no activity against antibiotics, but could gain activity if mutations occur
e Genes are part of the environmental reservoir but are farthest from clinical significance due to need for both
activation and mobilization.
e Prevalence unknown
Environmental resistance e Any of the above types of resistance when noted in a non-pathogenic strain of bacteria
Clinical resistance e Any of the above types of resistance when noted in a pathogenic strain of bacteria
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Nested heterogeneous levels of external
behavioural influence (Social sciences)

Brown arrows represent connections between the various levels. Dotted boxes reflect the central targeted unit, namely humans,
in (A,D); human groups in (C); and microbes and hosts in (B). Orange-colored areas represent the influence of time in all systems
(human, microbial, individual species, and institutions).

B) Host and Microbe heterogeneities and interactions
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