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Yil basina yayin sayisi

3,000 I Dergilerde yayinlanan makale sayisi
JJ Patentler ve patent basvurular L83
2,500+
5 0004 Mikrobiyom arastirmalarina ayrilan 2,036
' toplam fon: 289 Milyon USD
1,546
1.5004
1,000
500
265
O_
2002 2004 2006 2008 2010 2012
Yillar

Microbiome, microbiota, gut flora, ya da gut microflora anahtar
sozcukleriyle saptanan yayinlar ve patentler ya da patent basvurulan
(International Patent Documentation Center, INPADOC, verileri)

(Olle B: 2013)



= 40 trilyon insan hlicresi

= 22.000 insan geni

= 100 trilyon mikrop hiicresi
= 9.8 milyon mikrop geni

Evrendeki yildizlar; ~1021
Vicudumuzdaki molekdiller: ~1027
Vicudumuzdaki mikroplar: ~1014
Bagirsamizdaki bakteriyofajlar: 108-101°
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EDITORIAL
Homo bacteriens and a network of surprises

B. HENDERSON and M. WILSON

‘Unutulmus organ’
‘Son insan organl’
‘Metabolik organ’

(Blaser MJ: 2010)
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Methods for studying the microbiota

(Karlsson F et al: 2013)
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Bioinformatic pipeline for analysis of whole metagenome shotgun sequences

(Karlsson F et al: 2013)




Colonization of germ-free mice

Synthetic microbiota

(Karlsson F et al: 2013)

Keeping germ-free
mice in an isolator

(Macpherson AJ, Harris NL: 2004)



Hair

Nostril

Skin

Vagina

Actinobacteria
Firmicutes
. Proteobacteria
Bacteroidetes
€& Cyanobacteria
& Fusobacteria

Oral cavity

3 Oesophagus

H. pylori (-)
stomach

H. pylori (+)
stomach

Colon

1] ] <

Compositional differences in the microbiome by anatomical site

(Cho I, Blaser MJ: 2012)



Firmicutes

Clostridiumspp.
Eubacteriumspp. | Clostridial

Roseburia spp. Cluster XIVa
Blautiaspp.

Bacteroidetes

Bacteroides spp.
Prevotella spp.
Xylanibacterspp.

Clostridiumspp. -
Ruminococcusspp. | Clostridial
Faecalibacteriumspp. | Cluster IV

Lactobacillus spp.

Actinobacteria

Verrucomicrobia

Proteobacteria

Bifidibacteriumspp.
Propionibacteriumspp.

Eschrichiacofi Akkermansia spp




Enterotypes of the human gut microbiome

Manimozhiyan Arumugam'#, Jeroen Raes"?*, Eric Pelletier®*>, Denis Le Pabher?* 45 Takuji Yamada Daniel R. Mende!,

Gahriel R_Fernande<:® Tulien Tan:? thmm. Brinle®+5 Jpan- Mmhpl Rattn’ Mmmﬂln Rertalan®

T\]mmlm Rorriel?®

d Bacteroides Prevotella Ruminococcus
=] _l_ [=]
0.5 0.3 0.06—
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= .
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1 2 3 1 2 3 1 2 3
Enterotype Enterotype Enterotype
e P
Alkaliphilus ~ Geobacter . Veillonella Akkermansia
Q. ) %) Akkermansia ). Helicobacter Sphin
Catenibacterium_ § 4 r}? T BIPRGO Gordonibacter
N \e., /_f . - TR A T I:\euccncstoc bacterium ks
;Bacteroides . y
Parabacteroides Q e, N LA B % “Ruminococcus
4%  Staphylococcus Rumino O
~ Clostridiales Eggertheﬂ'? P Prevotella~Peptostrepto ~ ¢0ccacea Staphylococcus
,/ Lacmbacfﬂus M PECALOER \
Desulfovibrio IR : : - Dialister
Methanobrevibacter ). Stacka /—f S Mamngwrigﬁbacreﬁum O
Rhodospirilum ~ Y
Escherichia/Shigella

o Main contributors
() Genera co-occurring with main contributors

\ Positive correlation (>0.4)
\ Negative correlation (<-0.4)

(Nature 2011: 473: 174-180)




Respiratory tract:
bacteriophages, retroviruses
and Epstein-Barr virus

=
Oral/nasopharyngeal:
bacteriophages, herpes viruses,
Coronaviruses, respiratory
syncytial virus, adenoviruses,
influenza A virus, picornaviruses
and uncharacterized eukaryotic
viruses

Gastrointestinal tract:
bacteriophages, adenoviruses,
parvoviruses, caliciviruses,
astroviruses, picornaviruses,
papillomaviruses, plant viruses
and uncharacterized eukaryotic
viruses

Skin:
bacteriophages, polyomaviruses,
and P and y-papillomaviruses

Anatomical locations of resident viruses in humans

(Duerkop BA, Hooper LV: 2013)



B Aspergilluz

B Aureobasidium

[ Arthrodermataceae The human
W At mycobiota
B cCandida

O cladosporium

[ Cryptococcus
B Cystofilobasidium
[] Debaryomyces
[] Epicoccum

[ Fusarium

B Malassezia

B Meyerozyma

[ Rhodotorula

Saccharomyces
O yee

B Others

. Uncultured

\‘ (Underhill DM, lliev ID: 2014)

Tos web space

The human mycobiome includes 390 fungal species detected on the
skin, in the vagina, in the oral cavity, and in the digestive tract that
includes 335 species and 158 genera. Among these, 221 species are
found only in the digestive tract, 88 only in the oral cavity, and 26 in
both. These species belong to 126 genera of yeast and filamentous
fungi, of the Ascomycota, Basidiomycota, and Zygomycota phyla.

(Gouba N, Drancourt M: 2015)



OPEN @ ACCESS Freely available online '.'@'-PLOS | ONE

Eukaryote Culturomics of the Gut Reveals New Species

Nina Gouba, Didier Raoult, Michel Drancourt*

100% -

Yarrowia lipolytica Westerdykella cylindrica
] Vorticella campanuia <——— w Trichosporon asahii
Trichosporon faecal » Stentor roeseli ~€——
sl » Sclerotinia sclerotiorum w Saccharomycezales sp.
: » Saccharomyces cerevisiae = Rhodotorula mucilaginosa
ik » Rhodosporiduom babjevae = Puccinia poarum
u Pleosporales sp u Piytophthora pinifolia
b ® Penicillum chrysogenum w Malassezia pachydermatis
" Malasseziasp ® \Malasseziarestricta
0% 1 = Malasseziaglodosa = Galactomyces geotrcichum
u Galactomyces candidum ® Fomitopsis pinicola
o5 ] = Fomes fomentarius w Filobas idum glodksporun
u Filobasidum capsuligenum w Exophila equina
0% 1 = Dipodascaceae sp. u Debaryomyces hansenii
u Clitopilus prunulus u Clavispora lusitaniae
20% - u Candida glabrata u Candida dublimiensis
u Candida albicans u Blastocystis sp.  &——
10% - u Bisporachristiansenii  Aspergillus restrictus
u Alternaria alternata
0% - T T T T
Amazonial Amazonia2 Polynesial Polynesia2  Polynesia3 India Senegal

(Gouba N et al: 2014)



Methanobrevibacter smithii
- Miller TL ct al, 1982

Methanosphaera stadtmanae
Miller TL et al, 1985

\’/ Methanomassifiicoccus luminpensis

.4 Dridi ctal, 2012

I ‘ Methanobrevibacter oralis

Khelaifia et al, 201 3

' l Methanobrevibacter arboriphilicus
Khelaifia et al, 2013

- S Methanobrevibacter millerae
' Khelaifia et al, 2013

v Candidatus Methanomethylophilus alvus
Borrel G et al, 2013

o Candidatus Methanomassiliicoccus intestinalis
Borrel G et al, 2013

Archaeal species detected in or cultured from the human gut

(Lagier J-C et al: 2015)



Antibiotics Dysbiosis
reshape linked to %
community obesity, asthma “
infections P
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.“ T. vaginalis+M. hominis Rarhaitic Helminths confer .
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o ‘ .V|rulenc_e infections autoimmune diseases o’
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Q.. "O
Q.... ""O
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./ Susceptibility R
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Pathogens ‘.‘
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Effect of Interactions of Bacteria, Viruses, and Eukaryotes in Health and Disease
(Clemente JC et al: 2012)



Mouth, Pharynx &

(a) Respiratory System

cl’\i 23 Streptococcus salivanus
\ ﬁ Neisseria spp.
Ry 5

@&'\% Candida albicans

(b) | Gastrointestinal tract

Proximal

\v Lactobaciilus

g:;r_[ Helicobacter
@ Veilionella

Q Bacilli

Streptococcaceae

\\’-'7'\""‘?

"&. Actinobactena
,& Actinomycinacae

é Corynebactenaceae

& Lachnospiraceae

\ . Bacteridetes

(c) Epithelium

Skin

#¥EY  Staphylococcus epidermidis

@ Pityrosporum ovale

(f v :
: 1_.!,..«:.--. Trichosporon cutaneum
L\

Urogenital tract

& Corynebacterium spp.

«» § Lactobaciflus cnspatus

Candida albicans

4 [ .
1| Bacteroides Ruminococcus

- Cosmaum ’& Bifidobacterium 4% Clostridium

¥oF Lactobacillus
"Wy Enterococcus o Streptococcus *’ Lactobacillus
(S
ot o
= § Enterobacteriacea "Wy Enterococcus

A \f ' |

Epithelial surface Mucus layer Intestinal lumen

(Bakthiar SM et al: 2013)



Dogum sekli Erken koloniciler Enterotipler
Vajinal Firmicutes
Lactobacillus Staphylococcus Bacteroldes
Prevotella Streptococcus Diyetteki protein ve hayvansal
Atopobium Enterobacteriaceae yag iceriginden etkilenir
Enterococcus Ruminococcus
Sezaryan Lactobacillus
Staphylococcus Prevotella
Corynebacterium Bifidobacterium Diyetteki karbonhidratlarla
Propionibacterium spp. Clostridium etkilenir
Dogum Bebeklik (0-2 yil) Erigkinlik
Degisken » Sabit =
Diyet
1
v Y
Anne sutu Kati besine gegcis Organizma diizeyinden ¢ok gen diizeyinde bir kor
i : Bifidobacterium T Bacteroiaes spp. . . o 3
Ml.!(rf)blyal Bactarcite * Clostridium mikrobiyomunvarlig, ortak islevsel grup
Obiyoz t Streptococcus Kor genler dizisindeki degisiklikler hastalik
Mama siti d lih&in degistirirl
Clostridium difficile Rl i

Escherichia coll
Bacteroides spp.

(Jain N, Walker WA: 2015)




Dogum sekli Erken koloniciler Enterotipler

Vajinal Firmicutes Baciarom
Lactobacilius Staphylococcus Sl i
Prevotella Streptococcus Divetiekl proteirn ve hayvanss
Atopobium Enterobacteriaceae yag iceriginden etkilenir
Enterococcus Ruminococcus
Sezaryan Lactobaclllus
Staphylococcus Prevotella
Corynebacterium Bifidobacterium Diyetteki karbonhidratlarla
Propionibacterium spp. Clostridium etkilenir
Dogum Bebeklik (0-2 yil) ‘ Erigkinlik
Degisken » Sabit -
Diyet Enfeksiyonlar Antibiyotikler
1 1
Malniitrisyon ¥ Y * Y Y
Yetersiz beslenme immiin kaynakl hastalik Clostridium difficlle
Mikrobiyal Kwashiorkor :Ilterjiler enfeksiyonu
Disbiyoz Asiri beslenme ST
Tip 2 Diyabet e 1, Dyt
Obezite Multipl skleroz

Metabolik sendrom

(Jain N, Walker WA: 2015)
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ME“‘IE sitiine baslama Ates Piring Mamayave Amoksisilin Sefdinir; inek siitiine baslama
lapasina yemeklere ve tam eriskin diyeti
[l Actinobacteria [ |Bacteroidetes baslama baglama

Meme siitii ve
mamaya son

n Firmicutes |:| Proteobacteria

A A Ia In 1a Ia

Bebeklik Erkencocukluk  Cocukluk Adolesans Geng erigkinlik Eriskinlik Emeklilik Geg ddnem
Konak genetigi is gelisimi Artan Puberte Sik yer degistirme Sabit birlikte Yaglanma ileriyas
Dogum sekli Cocukluk sosyalizasyon Cinsel aktivite Partner degistirme yasam Menopoz Hareket yitimi
Meme siitii hastaliklari Viicutta biiyiime ilag kullanimi Ev halki degisimi Kilo alma Tibbi ilaglar Dar alanda
Mama Ates Oyuncaklar ve Sigara Seyahat Gebelik Hastahklar aktivite
Beslenme niteligi gevreden Diyet deneyimi Bildik rutinler Yeme
Oyuncaklarve antibiyotikler Bedensel diizey Seyahat ahskanhginda
gevreden Yeniyerlesim degisiklik

antibiyotikler

Miktar Yukseku Dayaniklilik

Dayanlksmma‘!amkh

Mikrobiyotanin gelisimi ve dayanikliligi ile barsak mikrobiyomunu yagsam
boyu etkileyen ¢evresel faktorler (Bati ulkeleri bireyleri)

Diisiik

(Spor A et al: 2011)



healthy
solid food
4

e

healthy
™ s ‘ 65 to 80 years

obese : ‘

formula-fed

breast-fed malnutrition

antibiotic >100 years

treatment

P
Firmicutes
' Bacteroidetes
M Actinobacteria
B Proteobacteria
' others
Unborn Baby Toddler Adult Elderly

Human microbiota: onset and shaping through life stages and perturbations

(Ottman N et al: 2012)



Host Remodeling of the Gut Microbiome
and Metabolic Changes during Pregnancy

Omry Koren,! Julia K. Goodrich,! Tyler C. Cullender,! Aymé Spor,'-11 Kirsi Laitinen,?4 Helene Kling Backhed %7
Antonio Gonzalez,B Jeffrey J. Werner, 212 Largus T. Angenent,2 Rob Knight,®? Fredrik Backhed,%7 Erika Isolauri,®

Seppo Salminen,* and Ruth E. Ley*

First Third
trimester trimester
\ N
.\ \'
Normal \ Altered
microbiota Weight gain ‘ mlcrobiota
_—_ B ' -
' Sp® [ Insulin / | O™
2 ‘% ;3 J desensitization ‘,./ : *Q @ X
-y ” l\ (/; -~ -
\ I
I
Transplant Transplant
first trimester third trimester
microbiota microbiota
3 - "; \‘ o %
! o 1 Q
=
@@ | 2 *
" .~ - J
Normal Fatter mouse with
mouse insulin desensitization

(c: Firmicutes e Bacteroidetes @ Proteobacteria * Gut inflammation ]

The composition of the gut
microbiota changes dramatically
during pregnancy

Third trimester stool is associated
with greater inflammation and
energy content

Third trimester microbiota induce
pregnancy-like metabolism in
germ-free mice

Gut microbiota impacts
metabolism in pregnancy similarly
to metabolic syndrome

(Cell 2012; 150: 470-480)



Long-Term
& Gut Microbiome v
'»‘5'& Bacterial Dominance Shift 2

Bacteroides Pole BT O NS Prevotella Pole

The adult gut microbiome is characterized as existing in a steady state that
requires a major disturbance to permanently alter that state

Short-term diet interventions may transiently alter the gut microbiome community structure,
but long-term diet changes are required to shift to a new steady-state.

(Voreades N et al: 2014)



An integrated catalog of reference genes in the

human gut microbiome namre
& biotechnology
Junhua Li'-31?, Huijue Jia1?, Xianghang Cail»!?, Huanzi Zhong!-!?, Qiang Fengl:*1?, Shinichi Sunagawa?,
Manimozhiyan Arumugam’56, Jens Roat KultimaZ, Edi Prifti’, Trine Nielsen®, Agnieszka Sierakowska Juncker®,
Chaysavanh Manichanh®, Bing Chen!, Wenwei Zhang!, Florence Levenez’, Juan Wang!, Xun Xu!, Liang Xiao!,
Suisha Liang!, Dongya Zhang!, Zhaoxi Zhang!, Weineng Chen!, Hailong Zhao!, Jumana Yousuf Al-Aamal®11,
Sherif Edris! 112, Huanming Yang!!L13, Jian Wang!13, Torben Hansen®, Henrik Bjorn Nielsen®, Soren Brunak?,
Karsten Kristiansen*, Francisco Guarner?, Oluf Pedersen®, Joel Doré”!#, S Dusko Ehrlich”!3,
MetaHIT Consortium!6, Peer Bork®!7 & Jun Wangl:+6:11,18
Gene " Sample Number of Complete Total length Average N50 N90 Max Min
catalog size ORFs ORFs (%) (bp) length (bp) (bp) (bp) length Ilength
Current study 760 8,096,991 56.18 6,039,847,368 746 1,023 381 88,086 102
European
MetaHIT 2010 study 124 3,299,822 46.26 2,323,171,095 704 909 378 23,034 102
Current study 139 2,681,342 55.45 1,996,356,219 745 1,005 387 40,011 102
American
HMP 2012 study* 139 4,581,984 NA 2,571,088,392 561 765 285 26,109 102
Chinese Current study** 368 3,547,396 60.05 2,750,208,618 775 1,053 405 88,230 102
3CGC Current study 1,267 9,750,788 56.34 7,298,407,194 748 1,029 384 88,230 102
SPGC Current study NA 659,492 99.77 612,211,588 928 1,221 513 24,615 100
IGC Current study 1. 26" 9,879,896 57.74 7,436,156,055 753 1,035 384 88,230 100

(Li J et al: 2014)



Genes assigned to KEGG

10,000

9,000

8,000

7,000 -

6,000

5,000

4,000

3,000

2,000

1,000 ~

I

Human
microbiome

= Polyketides/NRPS
Xenobiotic metabolism

= Biosynthesis of
secondary metabolites

M Glycan biosynthesis
and metabolism

® Nonpeptidal
amino acid metabolism

B Amino acid metabolism
M Nucleotide metabolism
M Lipid metabolism

B Energy metabolism

B Carbohydrate metabolism

Homo sapiens

Comparison of the
number of KEGG (Kyoto
Encyclopedia of Genes
and Genomes) genes
involved in metabolic
pathways within all the
assembled data of the
human genomes and
the human intestinal
metagenome. KEGG
genes are organized in
functional categories
according to their
belonging to different
pathways of cellular
metabolism.

(Maccaferri$ et al.: 2011)



<

—

Lo S S S e S

sml 1
i

T [
L 2 .
{; |
l{

|
41:

I
o\

o

T 7t T .,
I Lk i *® ! 004 1
[T i f e Cofacton ang Vitaming
: 1 b _
et T
N ) .
. A ommmen ) \:‘k;;‘ ‘[ >;':‘.!'-m« =
e ) t .- v---.—-m-: 4 Yomu 4
s e G i ] e ) O 28
> a bt B 22 A I A O ‘I. R
11 | Neo-é-o b ;i ) fj
1 paphas \
X 4 b e | s O U1 e
> vy k : z T ioovases ave
IL".L ] II{{{I%
szl - —
’ PR y—y e ‘9, @ e e o e 2.
1 I3 1Ty ,.,...,'3 rl‘ P | )
f 2y =B [ S ¢ o {IR!
>4 v et -
1: D ( P K o e e - ‘ .
' i —— -
S et d tEmeel 1)1
4 RN ) B & | 1 g
e ’ N‘.: ) 1: B s T:l
= oA Y i ° L ] g-_-::-—u.uz.‘ : e
A J!r - Qiﬁ:"—;*“‘ - .‘ * o o o @ . m;ﬂ
. TR (et -
r & & , I : : L —] r \.' o [
S \./ v’ vzﬁrnv-u»— ‘_T
M T
X > - \’ ) .
* p —_— .1‘0 S B Ao | |
B T2 u DU B =2 : ol
§ . 31
7' \‘ g
- ) 7 D § Y. L 1 L
e ot e ] |
el j ﬁ 1]
I —,. — y L
+ — - -y ¢
s F—1 11 T
; |
{ L &
L]

E-
gg. \

Visualization of the most common (present in >70% of the samples) metabolic reactions (59 reactions)
of the group of healthy individuals. Glycolysis, pyruvate metabolism, fatty acid metabolism, amino acid

and nitrogen metabolism were the most conserved parts of the metabolic network.

(Jacobsen UP et al: 2013)



Barsak Mikrobiyotasinin islevleri

Koruyuculuk islevi
— Patojenlerin uzaklastiriimasi
— Besin rekabeti
— Reseptor rekabeti
— Antimikrobiyal faktorlerin tUretimi
Metabolik islevier
— Sindirilemeyen maddelerin fermentasyonu
— Kisa zincirli yag asitlerinin liretimi
— Enerji kaynaklarinin kurtariimasi
— Esansiyel vitaminlerin sentezi (K, B12, niasin, biotin, folat)
Yapisal islevler
— Epitel hiicre dongiisiiniin diizenlenmesi
— Epitel hiicre diferansiyasyonunun harekete gegirilmesi
— Epitel engelin gug¢lendirilmesi
— Siki bileskelerin dayanikhlastiriimasi
immiin islevler
— Sekretuvar IgA’nin uyarilmasi
— Oral toleransin uyarilmasi
— immiin mikrogevrenin sekillendirilmesi



Xenobictics metabolism

Drug disposition

Immunocompetence Tt ' ipid .
b e it T A Behavior
Tolerance metabolism

GIT surface maturation
GIT functional maturation

Some examples of the effects of intestinal microbiota and host physiology

(Brandt LJ: 2013)



CVD
* TMA/O Production Bile
e L-Carnitine (Diet)

INTESTINE

e Chol. Transport
(Liver, Bile)

FOOD —1— microbiota

Diet, Obesity
e Altered Diversity
 Specific Gene Expression
e.qg., CHO utlization
e Pathogen Exclusion

(Liver, Bile)

Plasma
1] 250 m?
Liver
4
epithelial E;f] ";f:zgg! \
g s
4l L a a S
T+ | v I¥
microbiota —f> EXCRETION
SMALL A
LARGE
Drugs Inflammation
» Altered Diversity * TLR, NLR, CLR, ILC, T,
» Specific Enzymes Modulation
'| ® Immune Activation * NKT, TH Cell Engagement
* Targeted Modulation * PKS, H,S Production

(Liver, Bile)

Features associated with the microbiota and diet and obesity, cardiovascular
disease (CVD), inflammation, and drug toxicity

(Redinbo MR: 2014)



Extrusion zone
apoptosis

Turnaover rate
about3tosd

Villus

Proliferation

prt [

Stem cells

Paneth cells

B Pathogens
Gut lumen * * *
[ * Commensal
COuter loose layer * * * backia
Miliciis Antimicrobial o .
Inner firm layer peptides Secrete: O )
_; +<500D <O IgA .oo
| o
| : il
& = D)
Tight O :
i
T
Enterocyte " {'!.;
Ny »
Proinflammatory
Lamina propria — cytokines

Neutrophil
Macrophage

Intestinal crypt-villus axis and formation of intestinal barriers for luminal
confinement of commensal bacteria

(Yu L C-H et al: 2012)



Klasik

Mikropsuz

ortamda kosullarda

yetistirilmis yetistirilmis

fare kolonize
fare

Ince bagirsak villus morfolojisi

Jejunal sections from germ-free and colonized mice stained with

phalloidin (F-actin; red) and DAPI (nuclei; blue). (Bdckhed F: 2012)
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IL-10 Sl

— Lumen

— Single {thin and porous) mucous layer
Muc2 mucin network (discontinuous)
Presence of specific bacteria

— Intestinal epithelium

— Lamina propria

e \ loo
1 1-22 TGF—B i *
Flagellin . X "»-r 55 OBCRI mos
@ 2 CD103+ DC a13'DC | JLOEEE sampling and uptake
\ TLR5 l, oA Todtion of luminal Ags
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IL-23 " @ IL-IZL%%nd secondary and tertiary
S lymphoid tissues
250 -
":‘. Microbiota \Pathogen =® MAMPs  © Mucin granules ===-Muc2 -Secretory IgA

® Bacterial metabolites

Maintenance of intestinal homeostasis in the gastrointestinal tract

(Caballero S, Pamer EG: 2015)



Clostridium
clusters IV and XIVa

%
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i e
proliferation
Tissue repair ‘___,/
Tolerogenic DC

— Lumen

Outer (loosely

attached) mucous layer

— Muc2 mucin network
Commensal mucolytic bacteria
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Kadeh hiicreleri (yesil),
epitel hiicreleri
(kirmizi), epitel

niikleusu (mavi) ve
liiminal bagirsak icerigi
ile bakterileri (mavi ve
pembe) gostermek
Uzere boyanmis
bagirsak epitel
yiizeyinin fluoresans
mikrografi

Besin partikiillerine §

tutunmus ¢ok sayida
luminal bakteriyi
sekestre eden

bagirsak liimeninde §

(epitel hiicreleriyle

cevrelenmistir) ¥/
goriilen biiyiik bir g%

miisin tikaci

Bagirsakta immiun dislama

Carnoy fiksatifi
kullanilarak korunmus
miisini gosteren epitel
ylizeyleri ve iiniversal
16S rRNA problu
(Eub338 probu)
fluoresans in situ
hibridizasyon (FISH)
kullanilarak ortaya
ctkarilmis bakteriler

Bagirsak limeninde
bir besin partikuliinii
kolonize etmis
bakterileri gosteren
biyik buyiitme.

# Bakteriler Eub 338
| probunun kullanildigi

FISH ile ortaya

cikariimistir.

(Kelly D et al: 2012)



Metabolik 6zelliklerine gore bakteri

topluluklari

* Fibrolitik topluluk
— Bacteroides
— Roseburia
— Bifidobacterium

* Glikolitik topluluk
— Lactobacillus
— Enterococcus
— Staphylococcus
— E. coli

* Mukolitik topluluk
— Akkermansia
— Bacteroides
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More soluble,
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Colonization of fibre
and mucus

Distal colon tissue

Glycan utilization along the length of the human gut

(Koropatkin NM et al: 2012)



Coziinmez bitki hiicre
duvari polisakkaritleri
(seliiloz, arabinoksilan,

RS Primer polisgii::iflgr ve
mannan, pektinler ve .
lignin) degrade ediciler oligosakkaridler

Diger kaynaklardan gelen
sindirilemez kompleks
polisakkaritler

Sintrofik
ortakliklar: primer

SCFA ve diger < ve sekonder
metabolik liriinler degrade ediciler

(Candela M et al: 2010)



inﬁlin Nisasta
FOS

a-amilaz
B-fruktofranozidaz pullulanaz

Bifidobacterium spp amilopullulanaz
Bacteroides spp

Siiksinat

Faecalibacterium
prausnitzii
Clostridium cluster
XIVa

Endojen L-laktat

indlin

Roseburia inulinivorans

Faecalibacterium
prausnitzii

Biitirat

Ksilan

Roseburia intestinalis

H, + CO,

Ruminococcus
hydrogenotrophycus
ve diger asetojenler

Siiksinat

(Candela M et al: 2010)



Karbon dioksit

Ure
AEROP
Oksidatif
Karbonhidratlar Sekerler fosforilasyon
Q [N Karbonik asitler
e mi ve alkoller
Yaglar Yag asitleri Hidrojen,
SRS T ~ asetik asit,
Hidrojen, karbon karbon dioksit,
. dioksit, amonyak
Proteinler Aminoasitler
? o
é’f’kg S
Hidroliz Asidogenez Asetogenez
ANAEROP Metanogenez
Metabolizmanin prokaryotik yolaklari v

Metan

(Macpherson AJ, McCoy KD: 2013)



Diyet bilesenleri

l

Mukus ve diger
konak bilesenleri

<\

Polisakkaritlerve Protein Yag Fitokimyasallar

oligosakkaritler
Degradasyon ==p ¢ l \ /

Monosakkaritler Aminoasitler Biyokonversiyon

Fermentasyon wsp l l l l ll l l

H, SCFA Laktat Etanol BCFA Biyoaktif bilesikler
o, NH,
Hidrojenin atilmas| == Aminler
/ l’ \ Fenoller
H,S CH, Asetat indoller
Nefes, bagirsak gazi Adsorpsiyon ve ekskresyon

plazma, idrar, digki

Bagirsak mikrobiyotasi karbonhidrat ve proteinleri degrade eder,
yag ve fitokimyasallari biyoaktif bilesiklere doniistiirir

(Salonen A, de Vos WM: 2014)



SCFAs

Potential effects of SCFAs on gut epithelial biology and immune cells

MCT-1 monocarboxylate transporter



Clostridi
A Segmented

Candida filamentous Bacteroides
Bacterﬁde; B 7 albicans baCt,ena frag’hs

Lactobacilli

A

Epithelia
cells '

Q

ILc3

celkgg
|

IL-22
Immune homeostasis Inflammation
Mucosal Mucosal protection
immunity AMP production
Systemic
immunity
Tolerance Autoimmunity

Examples of how microbiota shape host mucosal and systemic immunity
(Romani L et al: 2014)



Increased risk
of disease

Health

Modern life style factors associated with the development
of intestinal microbiota and later life health

(Nylund L et al: 2014)



‘Life would not long remain possible in the absence of

microbes.’
Louis Pasteur, 1883

‘Without understanding the environment in which cells or
species exist, life cannot be understood. An organism’s

environment is ultimately as unique as its genetic code.
J. Craig Venter, 2007

‘There is increasing evidence that the microbiome and its
output (our interactome) touch many, if not most, pathways
that affect health, disease, and aging. The composition of the
microbiome and its activities are involved in most, if not all,
of the biological processes that constitute human health and

disease, as we proceed through our own life cycle.
Martin J. Blaser, 2014



Biological questions

Longitudinal
variation?

Targetable
host—microbiome
interfaces?

Prebiotic/probiotic
and transplantation
interventions?

Detectable dysbiosis
triggering events?

9 Host
Homeostasis immune Immurne defence Pathogen

Immune training system Infection/immune training

&
& Host
. :  Metabolic cooperation metabolism Parasitism
Colonization/ 'S Virulence
fransmission 4 acquisition
A Microbiome types? Host ?

? ganetlcs Viral infection/cancer

Nuirient competition

?

Environmental microbiomes

Technologies

Metagenomics

Metatranscriptomics

Metametabolomics

Metaproteomics

Single cell
sequencing

Open biological questions in microbial community biology, and emerging technologies
and models for their exploration. Microbial communities are complex biological
entities interacting with the environment, host organisms, and transient microbes.
Predictive models for most of the interactions within these ecosystems are currently

rare, but several studies have begun to provide key insights.

(Segata N et al: 2013)



Sorular

Hayvan modellerinden elde edilen veriler
insanlar icin ne kadar gecerlidir?

Sonuclar insan sagligi icin nasil kullanilacaktir?

Mikrobiyata Uyelerinin sadece tlrler arasi
degil bireyler arasinda da degismesi elde
edilen verilerin gecerliligini nasil etkiler?

Diyet aliskanliklarinin etkisi nasil
degerlendirilmelidir?



Mikrobiyomolojiye
hos geldiniz!

Tesekkdurler...



