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Microbiome = Microbiota + Metagenome + more!
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Microbiome

{ : - - \ “' - - "
Microbiota <= “Theatre of activity
[ Bacteria J [ Archaea i Microbial structural elements :
o[ protes | | [ Proteins/ e | (e
‘_ Fungi ‘ ‘ Protists ‘ i ‘ peptides Hiis ‘ ~ sacharides |
‘ Algae ‘ \ " Nucleic acids ;
R - SHUSUBIONARNA. o
Internal/external structural elements mobil{a SEneHc s mens .
| . incl. viruses/phages relic DNA
\ Microbial metabolites
Environmental " signalling | ) § (An)organic
conditions molecules | Toxins ‘ molecules

Biome: a reasonably well defined habitat which has distinct bio-physio-chemical properties

Microblome 8:103 (2020)
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Stulberg E, et al. Nat Microbiol 2016

UNG MEDICAL CENTER

Of0| 3 2H}0|=0]| QA stALF

=g+ ALt

Ojoja2Hjo}Za oIy ZZo| k|

Baoge TR
AP B0 ROEIE
A W 2

Yo
LEERTES

Apy ATEIE, [
110y MKIR M 7Y

HU 0148 T
047 LR
Ll o 2

g 1 i

FUN NN DTS AN B
PSS B0 E UU ORI T N0 AR
. B E OARYE WY R

EXM.5012452018.04.13

12



FHLE 1. DlO|Z2H0|Z1t AY =

Cmid s REy

o

Il

1 0}0|A.2H}0| 29| ¥a!

0 —

2. 0(0|32HI0|2 HBo| &R

3 00|32 =H0| = =2| 7HE i

SAMSUNG MEDICAL CENTER

1 010| 2 2640/ 20| YBFE 2= QN Tt

SAMSUNG MEDICAL CENTER

13



= H1942| IHEHEEZS| AU HEHA, DIOIZ2HI0IE 12| O]

et Yl HS8 8=
Aujojde 23 AUojee 224

‘AEY FEBD)2 ARY AL S =ed

i P

£
™ L1p °
L TNFa
o e Ye
®
Poies :
¢ f2ssxas &3
Homeostasis C - Chronic inflammation
SAMSUNG MEDICAL CENTER (Amoroso C, et al. Cells 2020)

S Met
© T

Metagenomics of the Human Intestinal Tract

MetaHIT $X} A3 E

A e | HASHEEHE

60% BD)
R ( )_
60

D oA
Hjgk | 602
= H| g 1209

SAMEUNG MEDICAL CENTER Final Report Summary - METAHIT (Metagenomics of the Human Intestinal Tract) | FP7 | CORDIS | European Commission (europa.eu

14



THYE 1. 00|23 =H0|21} HE

Gut microbiota in human metabolic

health and disease

Yong Fan® and Oluf Pedersena =

Abstract | Observational findings achieved during the past two decades suggest that the
intestinal microbiota may contribute to the metabolic health of the human host and, when
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" Host—microbiota interactions

in immune-mediated diseases

William E. Ruff@ ', Teri M. Greiling® and Martin A. Kriegel@'=

Abstract | Host-microblota interactions are fundamental for the development of the immune
system, Drastic changes in modern environments and lifestyles have led to animbalance of this

Aggregatibacter actinomycet
[ emcomitans’; Forphyromonas

! vﬁm’E&'ﬁ% gingivalis
- FOME|~ 2
- MY B £5FAQ8

Enterococcus gallinarurm®™;
Robl microbiota’

{Bacteroides thetaiotaomicron,
Peeudopropionibac terium
propionicum, Corynebacterium
amycolatum’™’, Actinomyces
massiliensisk Lactobacillus
reuteri fin mice) '

goypioms
-glolxj 582
- Bioi AT
i)

Roseburia intestinalis'™ &
DNMT mimotope -containing
microbiota

Helicobacter pylori™”*

GDP-L-fucose synthase
mimotope-containing
microbiota™

| HAFE
-Cied A=tz

HAZEE0AM2] 21ZE,

04 4258

Propagati | logical P S anor Hits
mechanisms

A. actinomycetem Epitope spread® ™ Prevotella histicola

comitans’; Frevotella T helper {in mice)"; vancomycin

copr :
{in mice)

E gallinarum**;
L. reuteri'™ (in mice);
Ruminococous

gnavus

ND

ND

Akkermansia
muciniphila"
salt-responsive
lactobacilli™'; SFB*
{inmice)

skewing? 14 orampicillin®™® {in mice)
Translocation

and bystander
activation''";
Cross-reactivity™'™
T helper skewing'*

Resistant starch fermenters or
SCFA producers (in mice)'*;
vancomycin or ampicillin
(inmice); anti-E. gallinarum
vaccination' {in mice)

Cross-reactivity™ Vancomycin or ampicillin®

(in mice)

Bystander activation or -

Fe receptor shewing 7

H, pylori eradication
(for example, omeprazole,
amoxicillinand
clarithromycin)

Cross-reactivity™;
Thelper skewing®"™*

Fasting-induced
microbiota’”; Bacteroides
[fragilis'* {in mice); Sutterella
spp.-enriched microbiota™

(Ruff WE, Grelling TM and Kriegel MA. Nat Rev Microbiol 2020)
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'Host—microbiota interactions
in immune-mediated diseases

William E. Ruff@ ', Teri M. Greiling

* and Martin A. Kriegel@'=

Abstract | Host-microblota interactions are fundamental for the development of the immune
system, Drastic changes in modern environments and lifestyles have led to animbalance of this
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Initiation Prog i I logical Amelioration or luti
mechanisms
Undefined microbiota™ ND Cross-reactivity Broad-spectrum

{in mice)

Leptotrichio goodfellowii'™ (in
mice): Bacteroides dorei LP5'™
(inmice}

ND
microbiota
[in mice)
E. gallinarum®***; Klebsiella ND
preumaniae™; Proteus
mirabilis™
Novosphingobium ND
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after exogenous infection)

NOD2-activating

microbiota™
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Escherichia coli LPS'™

activation™*""
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Bystander activation®

Translocation an
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T helper skewing*-*
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Broad-spectrum antibiotics
{inmice)

Vancomycin or
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d

Early administration
of ampicillin and
streptomycin’ (in mice)

(Ruff WE, Grelling TM and Kriegel MA. Nat Rev Microbiol 2020)

The gut microbiota—brain axis in
behaviour and brain disorders

Livia H. Morais® =, Henry L. Schreiber Vi and Sarkis K. Mazmanion® =

Abstract | In a striking display of trans-kingdom symbiosis, gut bacteria cooperate with their
animal hosts to requlate the development and function of the immune, metabotic and nervous

systerns through dynamic bidirectional communication along the ‘gut-brain axis’. These

Meurological
disorder

AHAHE T

Pothways of the gt
micrabions-brain axi

Souronal sigatling Shrank b

I valprol

e pathays

MR
-I7 kel

o valpros

St il imvmin act i wl ey diC) 1

Studdies in animal modets

(ST mrice Limated with g Cresol 7=

cird mouse model of ASDF
vt et veith pobyED] s model ol ASD
oanse el of ASTF

oen inedivickial vith ASLY

St brarvadgestibe it ol o witrpatoplic Literalaclor ok

WFark D prwcmise el

-xjo

e hunanized with

bikds o 5 TELA

= W A D 3.DOS double-trsnsgenic mouse moded of multiple sclesosiy’

L1 0

Hehisescsie. itk

bt microbiial fa o

Meod disaigery Metabolic s

7| 2ol

[=1 4
-TTES

W pat by

natnal wparation

prec mouse moded of Mhoanor diseay
welel o PO

1D
warhabiditiselegans

il with e ssicen patints microbiots

Chmek: mild stress inmice’

Studlies in
hisrmia

Cernitacing
evidence lacking
ks

Cernincng

k| Ef A2

B W E-L) &

{Morais LH, Schreiber HL & Mazmanian SK. Nat Rev Microbiol 2021)
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(McQuade JL, Daniel CR, Helmink BA & Wargo JA. Lancet Oncol 2018)
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Bifidobacterium bifidum strains synergize with
immune checkpoint inhibitors to reduce tumour
burden in mice

Se-Hoon Lee™"", Sung-Yup Cho™'=, Youngmin Yoon™", Changho Park®™, Jinyoung Schn®,

Jin-Ju Jeong®, Bu-Nam Jeon®, Mongjoo Jang®, Choa An®, Suro Lee®, Yun Yeon Kim®, Gihyeon Kim®,
Sujeong Kim®, Yunjae Kim®, Gwang Bin Lee’, Eun Ju Lee”, Sang Gyun Kim*, Hong Sook Kim',
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interactions, growing desired isolates in culture

(=] = [ransker ol bacterla that colonize the targeted site and are engineered to have a desired funcrion
E=SIETE

oF deliver a desired product or metabolits

&, o = Advantages: potential lor producing desired metabalites or compounds in the comect location
(i. using a platform strain background that could be engineered Tfor multiple purposes
= Challenges: limited sbility 1o manipulate many species of the microtdota, have 1o demonstrate
‘9 safety of madifications

‘ETO]'EH E‘_H—ﬁxé, EHA%‘%Q supplementon with beneficial proteim or metabol)

% ) p » Advantages: ralativaly saty To prepare, assess sabity, likely 1o follow conventionsl

pharmaceutical development pathways

‘ . * = Challenges: determining and delivering adequate concentrations 1o desited site

(Sorbara MT and Parmer EG. Nat Rev Microbiol 2022)
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MUCOSAL IMMUNOLOGY .
Causal effects of the microbiota on o Zl%H0j| A Of0| 3.2 H}o| 22| QlaA
immune-mediated diseases

June L. Round'* and Noah W. Palm?®*

The mammalian immune system has evolved in the presence of a complex community of indigenous microorga-
nisms that constitutively colonize all barrier surfaces. This intimate relationship has resulted in the F

of a vast array of reciprocal interactions between the microbiota and the host immune system, particularly in the
intestine, where the density and diversity of indigenous microbes are greatest. Alterations in the gut microbiota
have been correlated with almost every known immunological disease, but in most cases, it remains unclear
whether these changes are a cause or effect of the disease or merely a reflection of epidemiological differences

APPROACH DESCRIPTION OUTCOME/RESULT Cufturaty lat: ) Immure functice

P oetintsn PR r'm dhsease
-

Monazssociation

Complete
collection

A

Human microbiota—
‘associated (HMA) .

B

Defined subset

Rescue?

—
Replacement af
lost taxa

SRR

: @ Germ free '
SRS
8 Transpiant SNRARAAS [ — /_I——
i

SRR

use
WA

(Round JL and Palm NW. Science Immunol Rev 2018)

19



= X1942| FHHEEZS| AU HEHA|, DIO|=E=H[0|Z H+12| Of2f

3 00|32 =H0| = =2| 7HE i

SAMSUNG MEDICAL CENTER

SAMSUNG MEDICAL CENTER

lilzll

ﬁ
o

Credit Christoph Burgstedt/Alamy Stock Photo

First microbiome- based drug clears
phase lll, in clinical trial turnaround

Seres Therapeutics' stool-derived treatment for recurrent Clostridium difficile
infection could become the first FDA-approved microbiome therapy. Several other
live biotherapeutic microbial products are close behind.

(Ken Garber. Nat Rev Drug Discov 2020)
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Biokagy, Helmhaltz Centre for mn. nm ch-UFZ, Ms(n eiprig, Gevmany; “Faculty of Life i I
Leigizig, 04109 Leippg, Cm-uny_ and ‘Center of Micrcblology and Emironmenta |m;-m5cwm Diivion of Tesrestrial Ecosyrtem Research, Lnwenity of
Wienna, 1090 Venna, Auri

Conventional methanotrophs are
responsible for atmospheric methane
oxidation in paddy soils

Sowcs: PLE BOM) Yuanfeng Cai, Yan Zheng, Paul L. E. Bodelier, Ralf Conrad & Zhongjun Jia®
How much each human-caused Nature Communications 7, Article number: 11728 (2016) | Cite this article
gmnh?“.eg“ contributes to total 4404 Accesses I 83 Citations | 24 Altmetric | Metrics
emissions around the globe.

GHG: Greenhouse gas

S8 2¥0| FUHA:
Imbalance: Input > Output

% of Atmosphere CHbeR &1 CRTpoSion of the Mmosphere Contentrations of Greenhouse Gases from 0 to 2005

400 . - . 712000
I;Lllnndnmnnnll 1
= 1800
A = Caorbon Dioxode (CQ;)
= Methone (CH,) ] 1600
Hitrogen & 380F —— Nitrous Oxide (N;0) 1
S0% %
£
S Cfl“lonl:ll“lﬂ! _,Ownen &
/ ! 3 300
o

46 40 30 20 1.0 How

Time (Billions of Years Ago) o
Key | | | J I I 4] 500 1000 1500 2000
Phases 1 2 3 a 5 Year
4540 4,035 3521 2115 1.50.8 illions of
Years befo
Present

* Anthropocene Mass Extinction: o1 21 FA| 2| MEJA BF £ =7} 1,000-10,000 B (doi:
10.1111/cobi.12380)

« cop26 (264t RA7|2HeIH Y HA=EZ|) S 5510 == H 0| B Y(Global
Methane Pledge:203077tX| M|A| Of Bt B = &F 30%Z%)0f 7Het
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7l §H
: Metagenomics-enabled
Microbiome Research (2010~)

Fluorescence microscopy

Nuclepore fil-
ters and fluo-
rescent stain-
ing are used
to count ma-
rine microbes

Yot} B2
0] 4=0]?

Environmental Sample

A MM =
ot xteh

Metagenome-assembled genome
(MAG); Single amplified genome (SAG)

A new view of the tree of life
Hug et al 2016 Nature microbiology

g

Distribution on Earth °*¢%
Bar-On et al PNAS 2018

g4 0ro|3 = Hio| 5 A
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3. Rls-7l3 0|42l 7]
5 A

T e 2| ofal

A
The Biomass

archaea

7GtC

bacteria
T0GtC

animals
2GtC

A genomic catalog of Earth’s microbiomes

e’ |
rotists fungi
&GI:C u&?c
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Nayfach et al Nature Biotechnology 2021
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ARTICLE

doi:10. 1038/ nature 16461

Complete nitrification by Nitrospira

bacteria
Holger Daims', Elena V. Lebedeva’, Petra Pjevac', Ping Han', Craig Herbold', Mads Albertsen?, Nico Jehmlich?,
Marton Palatinszky', Julia Vierheilig', Alexandr Bulaev?, Rasmus H. Kirkegaard', Martin von Bergen®”, Thomas Rattei®,

Bernd Bendinger’, Per 1. Nielsen® & Michael Wagner!

. Article
'Anaerobic endosymbiont generates energy
for ciliate host by denitrification

| https://doi.org/101038/541586-021-03297-6  Jon S, Graf'™", Sina Schom', Kathari inger', Soaren Ahmerk chmmnwmhh
| Recaived: 10 Decamber 2019 Bruno Huettel’, Carsten J. Sehuhorr‘ Mlml!hl M. Kuypers' &Jﬂmllﬂ.u:lu

i Accepted: 27 January 2021

Article

Non-syntrophic methanogenic hydrocarbon
degradation by an archaeal species

https:/fdoi.org/10.1038/s41586-021-04235-2  Zhuo Zhou'’, Cui-ing Zhang™, Peng-fei Liu™*", Lin Fu'®, Rafael Laso-Pérez**’, Lu Yang',
1 a ') L] (] 185
Received: 21 December 2020 Li-ping Bai', Jiang Li", Min Yang', Jun-zhang Lin®, Wei-dong Wang®, Gunter Wegenar**™,

Meng L™ & Lel Cheng"™*
Accepted: 10 November 2021

Cavicchioli et al Nat Rev
Microbiol. 2019

CONSENSUS

OPEN

-~

Scientists’ warning to humanity:
microorganisms and climate change

Ricardo Cavicchiolit»'*, William J. Ripple?, Kenneth N. Timmis®, Farooq Azam*,

Lars R. Bakken®, Matthew Baylis(®®, Michael J. Behrenfeld’, Antje Boetius(®®°,

Philip W. Boyd'®, Aimée T. Classen'', Thomas W. Crowther’?, Roberto Danovaro” "
Christine M. Foreman(®'*, Jef Huisman('®, David A. Hutchins'’, Janet K. Jansson(®'?,
David M. Karl('®, Britt Koskella(®°, Dawd B. Mark Welch®?', Jennifer B. H. Martiny®’,
Mary Ann Moran(®?, Victoria J. Orphan®*, David S. Reay?®, Justin V. Remais(®?¢,
Virginia I. Rich(»?’, Brajesh K. Singh®?, Lisa Y. Stein»?°, Frank J. Stewart*,

Matthew B. Suh‘wan. 231, Madeleine J. H van Oppen(235, Scott C. Weaver*:,

Eric A. Webb'” and N;co!es Webster (3335
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B (Ci= Ofsh)

GHG (Greenhouse gas: 247t2)

1. HEFX|=5-7|8t 2= 00|32 2H0|F 7|5 2 X A2 #38

“Sulfur and methane oxidation by a single microorganism”
Gwak et al. 2022 PNAS revised

O Purple non-sadlur bactera
@ Furple subiurbocteris

B cotokess sullur bacterin
B Groes sulfur bacteria
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Warming Questions: Positive 7| <« 247}A «- EE &8 <- 010|3 2 H}O| 2
or Negative Feedback? | D 4

== oY 2t o B2 A2|/4E

amielong 1 At Microbiome

RESEARCH Open Access
Genomic and metatranscriptomic analyses ,.@
of carbon remineralization in an Antarctic
polynya

(-

! This process releases carbon dioxide and methane
}| into the atmosphere. ; '

Kim et al Microbiome 2019

https://sos.noaa.gov/education/phenomenon-based-
learning/plastic-in-mariana-trench/
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Genome-inferred information

Changes in environmental conditions

Species- and site-specific genome

editing in complex bacterial

communities

Climate Change Microbiome ¢t

Dean 2020 Science

(Rubin et al Nature Microbiology, 2022):

Most old methane is oxidized before
it can reach the atmosphere

Whether releasad rom melting methane hydrates or produced trom
thawing permafrost, to reach the atmosphere. oéd methane must avoid
being oxidized to carbon dioxide by microorganisms.

-f Climate-driven disturbances such as warming s,
=t temperatures, pressure changes. and erosion 3,
co, co,

A .
Owidationto =
urbu::hmliscor? CH, Quiciation to earbion
|rl|wwnswf = . CH,  dioxdeinowryirg
Mettiane [CH,) production 1.~ s
_material as permafrost thaws - T .
Permatrost carbon
frozen in soits

Mathane trapped

I an icelike stricture by

tornperature and pressure
GEOENGINEERING SOLUTIONS TO CLIMATE CHANGE

Place giant
reflectors
in orbit

\ Shoot aemsols

Iron femllxatmn
of sea
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Of2§ XEM|CH DFsEREC| 2F4d: Consortia Project
Long-Term Microbiome Observatory Project
‘3t 00| 2 7|0 2 D20 Wiy

g3 ojo|3 20| & FEO| K-&F
ojo|3 2Hi0| & #F 1tH|
+ X|Het, s e,

Crop Plants
.

co,

From sea ice to seals:

a moored marine ecosystem
observatory in the Arctic

.

HCOy~+ H* o4 H,0 + CO;
H* + CaCO, — Ca™ + HCO;
Finnish Ecosystem
Observatory FEO

e
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Furusawa, Y., et al., Nature 2013; Trompette, A., et al., Nat Med 2014; Fukuda, S., et al., Nature 2011;
Trompette, A., et al., Immunity 2018; Kiss, E.A., et al., Science 2011; Geiger, R., et al., Cell 2016; Morita, N., et al., Nature 2019

[ 21X OI0|Z2HI0IF ]

Ol0|22HI0|2 =M/7|s

O1=(Genetics)
410|(Diet/Nutrition)

A(Lifestyle)

Ang, Q. Y., et al., eLife 2021; Goodrich, J., et al., Cell Host & Microbe 2016; Falony, G., et al., Science 2016;
Zhernakova, A, et al., Science 2016; David, L., et al., Nature 2014
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