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Strevni mikrobiom

Mgr. Adam Wagner
Fakulta sportovnich studii, Masarykova Univerzita Brno
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Mekka mikrobu: strevni mikrobiom

— Nejveétsi mikrobiom

— Bakterie jak v tlustém, tak i v
tenkém streve

— 1000 druhu bakterii

— Na 1 gram strevniho obsahu
100 miliard bakterii

— Vyznamny vliv na fungovani
fyziologie naseho organismu

Stomach and Duodenum
10" - 10° CFL/mL

Lactobacill ‘—'——-——.____.
Streplococci
Yeasls
- \
Colon

10" - 10" CFLU/mL
Bacieroides
Bifidobacteria
Streptococc
Eubacteria
Fusobaciera

Closiridia
Veidloneil,

Laciobacilli

Proteus f." v,
Staphylococci | AN -
Pseudomonades \ / F
Yeasts B E:E: 5
Protozoa |

. L |
e n'“' - —
i : Al s -
5 T 1O |' W = o
‘eilonella
Coliform bacteria \Jj\/\w L,j

Jejunum and lleum
10* - 10° CFU/mL

Lactobacilli
Coliform bacteria
Streptococe
Bacteroides
Bifidobacteria
Fusohacteria

wn =
ol —

O =
A0 =i




Observed operational taxonomic units
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Mikrobiom u novorozencu

— Zavisi na mnoha faktorech:
— Zpusob porodu
— Typ kojenecke vyzivy
— Pouzivani antibiotik
— RocCni obdobi
— Enviromentalni podminky

— lhned po narozeni zablokovany receptory pro spusténi imunitni
reakce na strevni sliznici.
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Zpusob porodu

— Prirozeny porod
— Konte
— Preds
— Pri pc

— Cisar
— Nedo
— Prvni
— Velké
— Rizike
— Rizike

Relative abundances

Microbial signals to the host

e it

— Aplike

Relative abundances

Microbial sigrals to the host

e 1
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Prvni tri roky zivota

— Strevni mikrobiom nejvice formovan a muiZe znaéné ovlivriiovat
nasledny vyvoj a dispozice k nemoci.

— Materské miléko vyznamny oscilator strevniho mikrobiomu

— Oligosacharidy (GOS) — Bacteroides
— Obsah Bifidobacterium, Lactobacillus a Streptococcus

— Zdrave stravovaci navyky
— Od 3 roku stabilni mikrobiom
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Dospélost a stari

— Ovliviiovan primarne vnéjsim
prostredim

— Nemeni se tolik slozeni, jako
spise metabolicka aktivita (vice
nez 55 tisic metabolitt)

— S vékem klesa diverzita = 1
zanetlivost

Stability

. Actinobacteria

. Bacteroidetes

D Firmicutes Adult
D Proteobacteria

D Other

-
D

Neonate

Elderly

Microbial Diversity
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Funkce strevniho mikrobiomu

— Tvorba vitaminu

— Produkce nasycenych mastnych kyselin s kratkym retezcem
(SCFA)

— Ochrana proti patogenum a skodlivym bakteriim

— Vliv na imunitni system

— Tvorba signalnich molekul
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Calcium

Bacteroides, Butyricicoccus
Oscillibacter, Dialister, Parabacteroides
Clostridium
Lactobacillus delbrueckiisubsp. bulgaricus
Streptococcus salivarius subsp. thermophilus

Lactobacillus casei

Magnesium
Lactobacillus plantarum
Lactobacillus reuteri
Lactobacillus rhamnosus
Lactobacillus paracasei
Lactobacillus acidophilus

Selenium

Streptococcus thermophilus
Enterococcus faecium

Bifidobacterium longum

Lactobacillus plantarum

Lactobacillus spp.
Bifidobacterium spp.

Lactobacillus plantarum
Bifidobacteriaceae
Bifidobacteria

Lactobacillus acidophilus
Bifidobacteria

wn =
mol —
o=
AT ]




Ipl—
U G
O =
ol

Wood-Ljungdahl pathway

Acetyl-CoA

Produkce SCFA
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Microbiota-Accessible Carbohydrates

Hexoses and Pentoses Fucose and Rhamnose

Embden-Meyerhof-Parnas pathway
(glycolysis)

Phospho(eprégl)pyruvate Dihydroxyacetonephosphate + L-lactaldehyde

Oxaloacetate
Pyruvate

Lactate Fumarate

Acrylate pathway Succinate pathway © Propanediol pathway
Acetoacetyl-CoA

Acryloyl-CoA
Classical pathway

Butyryl-CoA Propionyl-CoA Propionyl-CoA Propionyl-CoA

Butyrate Propionate




Benefity SCFA

Enteric Nervous System

‘}/N . Gut Motility
__,r Secretory activity

= GPR41
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Lungs
[_1 Airway epithelium
Intestine <7 inflammation
. . . GPR41
4. 4 PYY 40 ;
B NG B cip-1 1 Treg
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ifferentiation

GPR109A
Liver Pancreas
g s - '
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r Lipid storage . GPR41/43
b Gluconeogenesis =
GPR109A and GPR41/43 :
-
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Acetat > Ll
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- Propionate : . °
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. . % .
Muscles / o::.o White adipose tissue
o Glycogenesis os’ M Lipalvéis
AJ:J Fatty acids axidation vi‘nsulin mediftedyfat accumulation
Mitochondrial content | -
M Lipid storage GPR109A and GPR41/43
v Glycolysis
GPR41/43 |
Immune Cells
4\ L, Inflammation
Brain GPR43 | GPR43/41 | GPR43 Bone marrow
. Neurogenesis 1 4
"'\J' Satgi;ety > ’ Li Hematopoiesis of DC
Mi[f{]g“a Neutrophils Mast cells 7reg CPRAT
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Microbiota Accessible Carbohydrates

Small Colon

intestine

Diet low in

processed
foods

ol -

o -J-- - -

Diet high in
modern
processed
foods

A diet that contains little MACs will be A diet high in MACs will cause SCFA
absorbed rapidly in the first part of the production by bacteria in the colon and
small intestine and will not result in SCFA  this can have several positive effects.
formation
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Ochrana proti patogenudm a skodlivym
bakteriim

— Strevni bakterie konzumuji potravu pro skodlive bakterie

— Produkce vedlejSich metabolitl zabranuijici rust patogenu (SCFA,
bakteriociny)

— Nenechavaji jim dostatek prostoru

— Prevence strevnich infekci E.coli a Salmonella
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Vliv na imunitni systém

2B
N V.
W e
mﬂ: o "

- @&
— 70 % imunitnich buriek ve stifevech \k e ‘
A ,"" SIGNUALLING‘MOLECULES ““‘

LUMEN

— Imunomodulace — posileni Sl
imunitniho systému 1 i s
— Vyvoj imunitniho systému — DJ;: E 2 EEITHELDN
,trénovani imunitniho systému* ”ID
— Vysoka diverzita muze napfiklad |
snizovat prostfednictvim tvorby | o S
diaminooxidazy alergickou reakci f
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Tvorba signalnich molekul

Serotonin
Dopamin
GABA

— Acetylcholine

Norepinephrine
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K, \ / j) Altered cognition
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Altered precursors:
Blood-brain barrier

Altered neurotransmitters:

-Tyrosine -Dopamine

--DOPA —3 -Glutamate
/ -Tryptophan -GABA

/ 5-HTP -Serotonin
-Norepinephrine
// Vagus nerve

/ o / Blood circulation 'rﬂ
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Slozeni strevniho mikrobiomu cusss

Actinomycetales H Carynebacteriaceae
| Actinobacteria H Actinobacteria Bifidobacteriales H Bifidobacteriaceae

— 90 % slozeni bakterie R —_—

— Vétsina bakterii kmen
Firmicutes a Bacteroidetes

— Zbytek tvoti kmeny
Actinobacteria, Fusobacteria
Proteobacteria a
Verrucomicrobia —— e = e H H,.im -
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Microbiome surveys in
athletes and controls

Plasma lactate
M*J#—_D_--R

—~/ k)

.,-F""FP. |

| o |

#f'# f II". \HJ\ /

Performance enhancement
In supplementad mice

intestinal mucosa

* Increased Veillonella: . ¥
— Runners versus controls
- Post-race versus pre-race

Sut lumer
DI

» Increased microbial genes for

lactate-to-propionate conversion
via the methylmalonyl-CoA
pathway

OH

Lactate Veiflonella  Propionate
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* Increased treadmill running
times with Veillonella or
propionate supplementation

» Performance gains linked to

propionate production rather
than lactate clearance
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Vybrane rody bakterii z kmene Bacteroidetes

— Bacteroides

— Vyznamny producent SCFA

— Aktivace T-lymfocytl

— Produkce vitamina H

— Pri premnozeni lokalni infekce, zvySena zanétlivost
— Prevotella

— Vyznamny producent SCFA

— Produkce vitamint B

— Protizanétlivy vs prozanétlivy ucCinek

— Revmatoidni artritida
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Dalsi vybraneé rody

— Bifidobacterium (kmen Actinobacteria)

— Produkce vitaminu ze skupiny B a vit K2

— 1 prokrveni strevni sliznice

— 1 motilitu stfeva

— 1 antimikrobialni latky

— Spolecné s rodem Lactobacillus nejCastéjSi slozka probiotik

— Akkermansia muciniphila (kmen Verrucomicrobia)

— Zesileni strevni bariéry
— Snizené zastoupeni u lidi trpici obezitou, diabatem, zanétlivé stfevni onemocnéni
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Obesity / Diabetes P Akkermansia
‘;.u. Alcohol muciniphila [0}

r<:} S 1

~.LIVE AND il Lo
7 Cut Barrier - " |nsulin reslstance
- Irnrnuanri':‘:r PASTEURIZED "= Blood glucose
AKKERMANSIA “u Diabetes
@ Fatty liver
" Liver inflammation

(1)

e & _ﬂ‘?'
o o

“w Cholesterol % Fat mass
% Atherosclerosis % Inflammation

Legend

“w. Akkermansia
9 Amuc_1100
e Tight junction
T TLR2
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Enterotypy

— Enterotyp 1
— Pfevazné rod Bacteroides a Parabacteoides
— U lidi konzumuijici prevazneé zivocCiSnou stravu
— VySSi produkce vit H a B2
— Western diet

— Enterotyp 2

— Rod Prevotella a Desulfovibrio
— Opak enterotypu 1
— Vegetariani a vegani

— Produkce vit B1 a kys.listove

— Enterotyp 3

— Rod Ruminococcus a Akkermansia
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Faktory ovliviujici strevni mikrobiom

— Antibiotika

— Probiotika

— VyzZiva

— Prebiotika

— Fermentovane potraviny

— Pohybova aktivita

— Spanek

— Veék a pohlavi

— Geografické, enviromentalni faktory...
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Antibiotika

HOW ANTIBIOTIC RESISTANGE HAPPENS

Lots of germs Antibiotics kill the bacteria The drug resistant Some bacteria give
and some are causing the ilines as well as bacteria is now able their drug resistance to
drug resistant the good hacteria protecting to grow and take over other bacteria

the body from infection

- Normal bacterium ,«{;’ - Resistant bacterium - Dead kacterium

25
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Probiotika

— Prospésné ba
— NejCasteji rod
— Podpora imun
— Zvysena prodi
— Zmirnéni antik
— Snizuji riziko t
— Pri vyberu pro
kmeny
— Personalizova

26 Zapati prezentace

Co si predstavit pod pojmy ve zprave o slozeni mikrobiomu

Eukaryota

Bacteria

Fu teria Trida

Lactobhacillaceae

Identifikace bakteriiv
mikrobiomu nejéastéji
na urovni rodu = jen
mala cast spolehlivéi na
uroven druhu

W
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o 2 ere” oy 2
ot ar 0 pa¥t \J."\_I-d\q
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Celed

Nékteré firmy stavisva
doporudeni na identifikac
mikrobiomu na urovni
pomerneho zastoupeni
MIKROBIALNICH KMENU

Bacteroidetes . Firmicutes

(nové Bacteroidota)

Hominidé

111111 Na
Rod
J‘/
oetobociiiig
Hom
Druh sapiens
toboac
lDrus
Poddruh
(strain)
10 saple
Lac f
R nderthio
5
!

/i, konkrétni
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ALTEY FOOD o~

VITAMINS, MINERALS AND SUPPLIMENTS eoceece

PURPLE

Immune system

Protection of
stomach

©
2
g Low cholesterol
&

Healthy heart

Healthy gut

27

Low cholesterol @ Healthy heart

@ Healthy heart

Healthy heart +Healthy blood vessels +Healthy blood vessels

Healthy joints mxskin protection

{}.. Improve your
C memory

. 8 " ’ L . ;
Eye protection 1 ‘w» Cellular rejuvenation 1'\".‘ Cellular rejuvenation

Preventing cancer @ Preventing cancer

f‘\! Protecting of
\‘J the urogenital system

Protection of
stomach
Healthy bones

Eye protection

Immune system

Preventing cancer
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PREBIOTICS
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ARTICHOKES

28

ych zdroju
mikroby
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Fermentovaneé potraviny

— Potraviny vytvofené Zzadouci aktivitou zZivych organismu

— Mikroby prirozene se vyskytujici nebo umeéle pridani

— Mnoho potencionalnich benefitu: zvyseni diverzity, produkce
antimikrobialnich latek, ze3|len| strevnl barlery enzymatlcka
aktivita, imunita.. = ‘

— Domaci vs kupované

— Véda?
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Kratka prace ve skupinkach

Sepiste si kolik druhu obilovin (pseudoobilovin), ovoce a zeleniny jste méli za
posledni tyden

Dale si zkuste vzpomenout jestli jste zaradili néjaky fermentovany vyrobek
Diskutujte ve dvojici/trojici

30
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Pohybova aktivita

31

Progressive increase of physical activity level generates
changes in the intestinal microbiota

e
Light Moderate Intense
activity activity activity
Patho- - - A > —a
species - 1 m——
$ - ) T
:% - .

ﬂ\_\ * Bacterial diversity




32

Spanek

Korelace mezi
kvalitou a kvantitou

spanku

2 dny spankove

vyznamnym

deprivace vedou k

zmenam ve slozeni
Y

Il
S

U
P

I
0

I
R
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Strevni mikrobiom a zdravi cév

!71 Potraviny obsahujici cholin,
S0 lecitin a L - karnitin

L

\ Strevni
mikrobiota

4]

Trimethylamin - N oxid

’/‘/ (TMAO)

m k"/ Potlaceni zpétného

vychytavani cholesterolu

Infarkt myokardu

Hyperaktivita
krevnich desticek

Ateroskleréza
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— Méli bychom tedy vyradit

zminéné potraviny?

— Multifaktorialni podklad
— Aerobni aktivita snizuje hladiny

TMAO

— Potraviny bohaté na DMB (3, 3-

dimethyl-1-butanol)

— Dostatek ovoce a zeleniny
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Microglis
‘.
Brain r
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Digt ==t = . s Meuron
Astracyle ;
Dietasy
: ~ Mutriticnal metabolites ) ]
Mircobiology  science j B s @
[ Gut-Brain Axis p ! v x B
imscience  Psychology ]
= Tryptaphan Bile acid
NLFW metabolites metabalites
= e . —
. ﬂ: . .-: I & E.
Gut & % w

Gut microbiome
Ovlivnéni Cinnosti stFev
(produkce neurotransmiterd, neuropeptidd,
zvySeni/ snizeni propustnosti)
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Cagnition
filccerd

Behavior

Cell-to-call
signaling

a
molecibes ;Va
Community

Metabolic
activity
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Gut — muscle axis

Posstive effect of the Microbi_ota-
physical activity accessible
carbohydrates
anti-inflamantory
cytokines
GLUT 4 expression
Diet

mitochondrial
biogenesis

fat oxidation

_—, — —p —p —p —>

IGF-1 W
mTOR \ SCFA producting
bacteria
SCFAs
(butyrate,
propionate,
acetate)
Better
training
adaption
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Gut — bone axis

Inhibition of
. osteoclastogenesis
f SCFAs modify leading to reduced
High-fiber Intestines ~Increased SCFA preosteoclast mature osteoclast
diet - b concentrations metabolism
f’ s - 'I &/#
= { - \ -
— | " Microbial | A
~ fermentation < v
) of fiber -
ps
NS 4
Bone
marrow
v 9 o
<~ = CTLA4 CDB0/86 = NIK. IDO P
- %ﬂ ik -
e :‘f
Induction Preosteoclast Apoptosis
of Tregs

S |
Increased
bone density
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Leaky gut syndrom

— ZvySena propustnost strevni bariéry

— Pric€ina je podminéna nékolika faktory: sedavy
zivotni styl, nizka diverzita mikrobiomu, nedostatek

probiotickych potravin, vysoka stresova zatéz
— Zaklad pro vznik celé rady onemocnéni

— Neékteré projevy: kozni problémy, zvySena
plynatost, prajmy, potravinové alergie, chronicka

unava...

Good

Healthy -
tight
junctions

; teri\\ ® @ » Food particles — )
acteria i\“

Mucus

Virus

(Bad bacteria iToxins
Gluten — 7' P Q& ®oy

|

Normal tight junction

Leaky, and inflammation
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WHAT DOES THE
Color of Your Poop Mean?

e A @

Brown Yellow Green
Normal Parasitic infection, liver Lots of leafy
and healthy or gallbladder issues greens or antibiofics

Red White Black
Blood in stool, lower Gl
problems, red foods

= 4

Pancreatic disorder Upper Gl
or antacids fract issue

TYP 1 - TEZKA ZACPA
Tvrdé hrudky jako ofechy.

TYP 2 - STREDNI ZACPA

Tvar klobasy s vyrazné hrudkovitym
povrchem,

TYP 3 - NORMA

Tvar klobasy s prasklinami na povrchu.
Idedlni tvar.

TYP 4 - NORMA

Jako hladka jemna klobdsa nebo had.
IdedlIni tvar.

TYP 5 - LEHKY PRUJEM
Mékké kulicky s jasné ohrani¢enymi
okraiji.

TYP 6 - LEHKY PRUJEM

Nadychané kousky kaSovité konzistence.

TYP 6 - TEZKY PRUJEM

Tekutina bez pevnych &astic.
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Co délat pro podporu strevniho mikrobiomu?

Konzumace celistvych potravin a omezeni primysloveé zpracovanych potravin

Zvysit zastoupeni rostlinné slozky
Managment stresove zateze
Zarazeni fermentovanych potravin

Rozmanitost

Zvazit uziti antibiotik
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Vyzvy pro podporu strevniho mikrobiomu

=

b= |

=
N
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4

Bl
et
d’(/

\
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VyzkousSej fermentovany vyrobek, ktery neznas.

Konzumuj denné alespon 1 fermentovany vyrobek.

Zkonzumuj béhem jednoho tydne ovoce a zeleninu vSech barev.

Provadéj 20-60 min aerobni pohybové aktivity denné.
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Kde hledat informace?

Emeran Mayer

DRULY ZDRAVA
MOZEK STREVA

Poznejte tajemstyi mikrobioty a ziskejte diouhodobou
kentrolu nad svou vahou, néladou a zdravim

M. Finl . PhD

MIKROBIOM
LIDSKEHO TELA

STREVO NENI TABU

Nase pocity, Justin a Erica Sonnenburgovi

gut microbiome or gut microbiota X Search

Advanced

PubMed® comprises more than 36 million citations for biomedical literature from MEDLINE, life science journals, and online books.
Citations may include links to full text content from PubMed Central and publisher web sites.
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Fibor Fuelod 3nfind 0ut how” —WILLIAM W, L1, MD, e o s st e 1 1 ot e

The Plant-Based Gut Health Program
for Losing Weight, Restoring Your Health,
and Optimizing Your Microbiome

FIBER
FUELED

B

2L S

WILL BULSIEWICZ, MD, MSCI
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,vsechny nemoci

zacinaji ve strevech”

Hippokratés
400 pr. n. |.
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