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Mikrobioota

Mikroobide populatsioon, mis elab koos inimesega ja ei
pohjusta tavaolukorras tema haigestumist

Mikrobioom

The Importance of the

MICROBIOME

By the Numbers

10-100 trillion

’ ‘ Number of symbiotic microbial cells

) harbored by each person, primarily
bacteria in the gut, that make up
the human microbiota

>10,000

Number of different microbe species
researchers have identified living in
the human body

100 to 1

The genes in our microbiome
outnumber the genes in our
genome by about 100 to 1

22,000

Approximate number genes in the human
gene catalog

99.9% Percentage individual humans
are identical to one another in
terms of host genome

90% Q

Up t0 90% of all disease can be reached in
some way back to the gut and health of
microbiome

10X

There are 10 times as
many outside organisms
as there are human cells
in the human body

¢

3.3 million

Number of non-redundant genes in the

human gut microbiome

80%- 90%

Percentage individual humans are different
from another in terms of the microbiome

Kdigi inimkehas elavate bakterite, seente viiruste ja teiste
mikroobide genoomide kogumi



“Superorganism’ (inimene+mikroorgamismid)

/[ Supraorganism h

Health status
Microorganisms :
> ~100 trillgion cells o . e 150 korda rohkem geene kui
~3 million genes ealth inimestel
A * Inimese genoom on 90 %
Toxins and Immunity sa.rnang _
Environment beneficial and — | t Transition * mikrobioom on ainult 10%
metabolites nutrition sarnane
Y
Human Disease
> ~10 trillion cells —
~23,000 genes




NIH HUMAN

MICROBIOME
PROJECT

HMP1 P— sl
. Gut
Vagina Skin

Healthy cohort study

(%

Demonstration projects
HMP2
| ¥
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Preterm birth

Longitudinal

sampling
+ —_——

Inflammatory
bowel diseases

t_

Pre-diabetes

Community Microbial Host genome
composition pathways sequences

“ - -
“, o GCe o7 ¢

* Characterize microbiomes
* Correlate with phenotype

Community Microbial Virome
composition pathways profiles
%, ~ —-_-__ — f""\.
! N/
s ® .7
Host genomes Epigenome profiles
A 888
(Metajtranscriptomics (Meta)proteomics

* Characterize the host and microbiome

* Follow dynamics over time

Microbial isolate
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Luua vordlus-geenikomplekt inimese seedetrakti
mikroobide metagenoomse sekveneerimise abil.
Otsida mikrobiaalsete geenide ja krooniliste
haiguste seoseid, sh poletikuliste soolehaiguste ja
rasvumise korral.

Teostada funktsioonianalilils, et liikuda seostelt
edasi tekkemehhanismidele.

Leiti 2172 bakterite liiki
Klassifitseeriti 12 erinavad sugukonda
93.5% Firmicutes, Proteobacteria, Bacteroidetes



Inimese soole mikrobioota

Fig 2. Distribution of major bacterial groups in the Gl tract Fig 1. Human gut microbiota

—

Oral cavity Suu
« Corynebacteria epeey
< 600 bakteriliiki

* Lactobacillus

» Streptococcus 103-107 CFU/mI

« Staphylococcus

Stomach
« Helicobacter pylori Magu

» Lactobacillus 103-10% CFU/ml @ et
» Peptostreptococcus @& Bgzz—iiiites
e Streptococcus @ Others

Large intestine
* Bacteroides

| ondopactera Jimesool  1000-2000 mikroobiliiki

» Enterobacteria — 1011-1012 CFU/g
e Koguhulk ca 2.5-3 kg

e Escherichia coli .
1/3 sarnased; 2/3 on erinevad

* Faecalis

* Lactobacillus Enam kui 70% mikrobiootas on jamesooles

- ) ) Peensool
mall intestine
» Lactobacillus 103-107 CFU/mI

« Streptococcus

Yang et al., 2009; Peter Lamb



Mikrobioota Bacteroidetes/Firmicutes
Mitmekesisus suhe

Rasvunud inimese soolestiku mikrobiootas on

* Liikide nimekiri ja nende normaalkaalulise inimesega vorreldes suurem protsent
propo rtsioonid Firmicutes ja vaiksem Bacteroidetes.
* Tervisliku mikrobioota naitaja 4 ———

4 . g~ N About
4 — 90% -—Dysbiosis
Total of
Genera
() ~— Bacteroidetes
T LY ﬁ“@ M Phowe
w k4 % Bacteroidetes % Bacteroidetes

y 3.3 million bacteria « F’l"g’lmt Y FIL“I' .

B g :;' W W ,,' g & tr.Ts:u = HT:h?r’ 0
; kﬁ’ Q‘ \ﬁ, @\ - “ MICROBIOME ,
“ﬁ 9 g #Dlver31tyMatters Y |

ﬁ% E 2 o PE oY ,ﬁ\% Q o When firmicutes v,
L} » A 4 N g ) ¥ W R Assimilate improvei nt;\:"zction of
| ' ‘ carbohydrates

Davila et al., 2018



Soole
mikrobioota
mitmekesisus

¢ Madalam
mitmekesisus

Highest count

Enterococcus sp.
Streptococcus sp.
Enterobacteriaceae
Veillonella sp.

C. perfringens group

Bacteroidetes-Prevotell
coccoides group

Total bacteria
Firmicutes phylum

B.

Total bacteria 0,0085 | 10,8692
Bacteroidetes-Prevotella 0,6818 | -0,0042_0,7268
Firmicutes  phylum 05522 0,0629
B.coccoides group 0,6464

C. leptum  group 05562 0,1604  0,6399

C. perfringens  group 00989 02057  0,0569

C. difficile 01261 0,000 -0,3929
F.prausnitzii 04819 0,1855 0,6128
Veillonella  sp. 02865 0,5452 -0,0006 0,056
Lactobacillus  sp. -0,0604 0,1831 -0,2929 -0,2954
Enterococcus  sp. 00644 -0,1864 02101 02573
Staphylococcus  sp. 04561 -0,0070 0,308 0,197
Streptococcus  sp. 01376 03366 02530 0,099
Atopobium  group 00635 -0,0292 -0,1366
Bifidobacterium  sp. -0,2949 05438 -0,0983
Enterobacteriaceae 01226 02474 03251
Desulfovibrio  sp. 005 00865 -0,1988 0,015

Total bacteria

F. prausnitzii

leptum group

Pperfringens group
F.prausnitzii
Veillonella sp.
Enterococcu s sp.
Staphylococcus sp.
Streptococcu s sp.

topobium group
Bifidobacterium sp.

A

Z2 2 2 2 cdifficile
o550

B 2 B 9 Lactobacillus sp.
2ERIS P
= SIS

&

8

&

S

2

3

&

8

8
synpy

:??Qz
gPCR
plasmid gene copies/g feces

Correlation

v
H
] g
8 @
P
] H
2 2
5 I
02066 00219 0,124 Total bacteria
1219 -0,1508 0,0439 Bacteroidetes-Prevotella
02212 01123 02882 Firmicutes phylum
00674 -0,0577 0,582 B.coccoides group
02255 01404 -01318 C. leptum group
00117 -0,2422  -0,3847 C. perfringens group
ND ND <. difficile

F.prausnitzii
Veillonella sp.
Lactobacillus sp.

Streptococcus sp.
Atopobium group

Enterobacteriaceae
Desulfovibrio sp.

Bacteroidetes/Firmicutes

|Total bacteria

Bifidobacterium sp.

3

N
]
2
E
IS
g
H
£
&

0,0038 0,1236

0,0055 0,0055
-0,2684 -0,2684
-0,1000 -
0,1342 0,1342
-0,0066 -0,0066

-0,0637 0,0692
0,1786 0,1786
-0,5055 -0,5055

Firmicutes phylum

B.coccoides group

o
B
i}
a
N

0,5576

C. leptum group

-0,0113  0,7569
-0,0820 0,8677
0,0075  0,6646
-0,4221  0,1398
0,2000 0,7111
05281 0,6912
0,2985  0,5497
-0,2168 0,0971
01436 -0,4328
0,3519 00,5872

perfringens group

0,3656 -0,3000 0,3290 0,4022 0,2087|
03769 0,0100 0,5784 0,3424| 0,7591
0,119 0,5000 0,4849 0,4464 0,2958
0,0975 -0,4000 0,5062 0,5063 0,3781
0,0692 -0,5000 0,2615 02215 03121
-0,5053
0,3838| -0,7000 0,5138 0,5221 0,3998

Firmicutes phylum

Lactobacillus sp.
-

S
-0,0789 -0,5106 0,3011 0,1796 -0,0198
0,2672 -0,0061 -0,0971 0,4251 -0,0429
-0,3594 -0,4545 0,4973 -0,4492 -0,0950 -0,4818
0,0351 -0,4863 0,3947 0,3059 -0,0488

0,4601 0,2507 0,2979
-0,1456

000 -0,0912 -0,1436 -0,4308

5 years-old children

Streptococcus sp.

s
5
g
]

Enterococcu's sp.

0,4303 -0,1515 -0,2918
-0,3881

suhe

*Madalam
Bacteroidetes/
Firmicutes
suhe

Bifidobacterium sp.
Enterobacteriaceae

0,1572  0,2176
0,2405 -0,1805 0,3140 -0,0176
0,1558 0,4902 -0,2351 0,2384

°
F Desulfovibrio sp.
2

0,6514 0,0103 -0,5297 0,1876
0,2981 -0,2160 0,2380 0,5120
-0,1667 0,1152 -0,4303 0,0667
0,2770 0,2709 -0,1413 0,1104
0,0948 -0,0166 0,0018 0,1496

Auspia

0,0162  0,2390

Stsepetova et al., (sumitted)



. Infant Toddler
Birth
(<1 year) (1~3 years)
Vaginal Cesarean Milk Solid food Full adult
delivery delivery consumption introduction diet
Bifidobacterium . .
Lactobacillus Stap hy[ococcys Lactobacillus Bacte.rol des Adult-!lke
Propionibacterium ; Clostridiales microbiota
Veillonella
_az
HR T
— =Ty — E%.Q

/ Bifidobacterium

depletion y Christensenellaceae

7/ o \

\ Familial transmission

Environmental exposure
Microbiota Lactobacillus \

[Gut microbiotaJ [Vaginal infection] | Periodontitis]

|Antibiotich [Breast-feeding] [Host genetics | [ Environment l

Maternal factors Postnatal factors

Tamburini et al., 2016



Mikrobiootat modjutavad faktorid

Toit = Ravimid/Probiootikumid

Stress Kliima, elu- ja tookeskkond

flitsiline, metaboolne,
flsioloogiline

o :
7 Impacting
factors on

gut

'
microbiqme I

Beebide M Vananemine

_, toitumine
N ) Sunniviis ”
. I . > ! ! o

Sk




Mikrobioota funktsioonid

Metaboolsed funktsioonid

* Luhikese ahelega rasvhapped

(butliraat, propinaat, piimhape, ~-~----¢t----- > Soolade ja vee absorptsioon
aadikhape...) Energia tootmine
* Vitamiinide produktsioon )/
*  (K-vitamiin, biotiin, folaat ...) /
*  Produtseerib anti-mikroobsed /'/
ained (bakteriotsiinid) )/
5 /!
Reles i leend Strukturaalsed funktsioonid//
(kolonisatsiooni resistentsus) y
*  Epiteelirakkude kasvu ja
diferentseerumise reguleerimine
*  Blokeerib retseptorid *  Soolehattude ja kriiptide areng
*  Immunsisteemi aktiveerimine *  Tiheliiduste labilaskvus
*  Tsutokiinide regulatsioon *  Limakihi omadused

Immuunsiisteemi /'
areng
*  Lumfistusteemi

areng Prakash et al., 2011; R. Méandar
*  B-jaT-rakkude
areng



Tervis

Energia ja
toitained

Kasvajate
valtimine

Patogeenide
parssimine
Normaalne soole

immuunfunksioon

Normaalne
soolemotoorika

Kardiovaskulaarne
tervis

Mikroobide aktiivsus

LUh. ahelaga rasvhapete (SCFA), vitamiinide stntees.

M3ju energia tootmisele ja kulutamisele, soole
hormoonidele, kullastustundele.
Lipopolusahhariid (endotoksiin), pdletik.

ButlUraadi tootmine.
Toksiinide, kantserogeenide tootmine, pdletik.

SCFA tootmine, soole pH, bakteriotsiinid, konkurents
toitainetele ja seostumiskohtadele.
Toksiinide tootmine, invasioon kudedesse, pdletik.

Pro- ja anti-inflammatoorsed signaalid, areng.
Poletik, immunoloogilised haired.

Metaboliitide tootmine (SCFA, gaasid) inimese
ensuumide poolt mitteseeditavatest susivesikutest.

Rasvade ja kolesterooli metabolism.

Haigused
Rasvumine,

metaboolne
sundroom

Kasvajate
soodustamine

Patogeenide allikas

Soolepdletik

Kdhukinnisus,
-lahtisus, -puhitus

Kardiovaskulaarsed
haigused

Reet Mandar



Soole mikrobioota Ulekandmisel on voimalik
indutseerida Ulekaalulist

{ e ™\ .\\
u. { ’,/ / ':'.' \
— G
l' /'.l. /’s '.S Low ‘at.
U 3 -
I KW & high fiber diet
! "h “ {. x )
N |
| Microbiota Recipient Increased bodyweight
Obese Twin transplant mice and body fat
N
N PRSI >~
T ; & ) Low fat,
] ' ﬁ i .’%«7\. < "I.d'l fiber &t, .
") ! i S
s v Stayed lean
(0) Lean Twin

Walker et al., 2013
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Seedetrakti mikrobioota muutused

Mikrobioota ulekanne ulekaaluline ja normaalkaaluline

sequences
8 588 &8 8

Percentage of total

Clostridium
Eubacterium : : : . .
PPN i micutes Bacteroides spp e A;t;nzbacterla
Roseburia —H Bifidobacterium
Lactobacillus hOl mkond
Staphylococcus

B Germ-free animals adopt phenotype of microbiota donor
[l Firmicutes [l Bacteroidetes

Donor weight —— Normal Obese Underweight

Microbiota 3 ‘ .t

Transfer 3 g
Adoption of
phenotype

Ulekaaluliste mikrobioota on liigivaesem

0

12
Weeks on diet

26 52 |Lean

-

Ley jt 2006; Béckhed jt 2004; Gill jt 2006; Turnbaugh jt 2006; Kallioméki jt 2008, Duncan jt 2008; Zhang jt 2009;



Relative abundance (%)

Normaalkaaluline vs.

tlekaaluline/haiguslik rasvumine

100

B0

L

40

30

KMi<25 KMI>25

Hoimkond

Chloroflexi

Verrucomicrobia

W Tenericutes
B Synergistetes

W Spirochaetae

W Saccharibacteria

W Proteobacteria
W Lentisphaerae
W Fusobacteria
W Firmicutes
W Euryarchaeota
Elusimicrobia
W Cyanobacteria
®m Actinobacteria

W Bacteroidetes

Haiguslik rasvumine

Mitmekesisus

- Haiguslik rasvumine

* ' Ed kmi>25

5_
4- f
3

s
2_

L ]

Bacteroidetes
Bacteroidia
Bacteroidales

Odoribacter_splanchnicus
'arabacteroides_distasonis

Odoribacter
Actinomyces_oris
Lactobacillales
Leuconostocaceae
Pseudomonadales

pell

B Haiguslik rasvumine HE KMI<25

U'l —= cescccsssscscscsnss

o -
=

2 3 4

LDA SCORE (log 10)
Sebunova, 2021



Methanogens
Methanobrevibacter smithii

Bacteroides

1 Clostridium \V

Clostridium IX

5

| Clostridium XIVa |

Y

Sulfate Reducing Bacteria
Desulfovibrio sp.

Butyrate <

| vio Rowderio p
| F.provsmilal

|

1 € stridam

| Wgroup

J
-

wie Clostndiaen

X grove
Vedonello 1p.
Proploniboctyriom

= == Propionate
Akkermansia muciniphila Acetate
‘ Obligately homodermentative
! 1 Lactobacillus FacaRatively heterofermentative
Obligately heterofermentative
Li Bifidobacterium -

via E_ o,
AL CoNcoe,
B. ocolesconts

Mikelsaar et al., 2016
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Butilraat: T G 0 S A
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» Kasutusel sooleepteeli energiaallikana o . e

e QOsaleb vitaniin K, biotiini ja folaadi stinteesis

» Poletikuvastase toime tugevdaja

Atsetaat:

* Soodustab rasvhapete oksiidatsiooni, glikoosi homoostaasi ja vahendab
poletikuseisundit.

* Kolestrooli substraat

* Maksas lipogeneesi ja glikoneoglineesi substraat

Propionaat :

 Maksas lipogeneesi ja glikoneoglineesi substraat
* Koos butiraatiga suurendavad soolestiku hormooni produktsiooni, mis vahendab

sO0giisu




Lihikese ahelaga rasvhapped (SCFA)

dicstaryw fibre=
(ccomplesx< carbohydrrates)

microbiot=

-ﬁ@

P t
Atsetaat ______ Propionaa

7
{
{

L =1

r

-

Y
’

msaalinmn sigrasallinmg
‘_—A Fat accuarmmul=ation

=t pocyt€=\

Rasvunud inimestel on 20% kdrgem SCFA kontsentratsioon
valjaheidetes.

Lipoltilisi inhibeerimine ===l Rasvkoe tekke



Soole mikrobioota tuubid - enterotuubid

- é’usivesikud

> Logmnevalk jar.
N \ = Yy

B Bacteroides Prevoteila Ruminococcaceae
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Dieedi moju mikrobiootale

Family Metabolites Diet Effects
e  Energy source for
colonocytes
e  Signaling molecules
Prevotellaceae SCFAs Fiber-rich diet e  Regulation of intestinal

transit ime

e  Modulation of host appetite

and food intake
Enterobacteriaceae LPS Western diet MEtE.'bDlic endutﬂxelmja .

Pro-inflammatory signaling
Eg::;?iﬂ:;;zmﬂef . Risk factor for Met5S,
Run‘dnncnccacéae TMAO Dietary source of choline cardiovascular and
Lachnospiraceae ! cerebrovascular events

. Chronic kidney disease

Clostridiaceae ?gj;ll zﬁzt;’ Western diet: VLCKD . Cardiovascular, metabolic

and brain disorders

LPS: lipopolysaccharide; MetS: metabolic syndrome; SCFA: short chain fatty acid; TMAC: trimethylamine N-oxide; VLCKD: very low
carbohydrate ketogenic diet.



Rasvarikka
toidu tarbimine

Muudab toidu
tarbimist

Rasvarikka toidu
soomine

Mulders jt 2017

HFD —High fat diet

Increased aﬂerHFDfeediEH

Protecbacteria F: Proteobacteria
Erterobacteriaceae

Desulfovibronaceae
Bilophila wadsworthia

Clostridiales
Streptococcaceae
Streptococcus
Anasrofruncus
Coprococcus
Dorea
Favonifracior
Lacfococcus
Oscilibacter

F: Firmicutes

Lelembacienes

Mucispirifum

Ocinibaciar F: Bacteroidetes

Parabacieroides

Decreased after HFD feeding
Actinobacteria F: Actinobacteria
Bifidobacteriaceae
Bifidobacterium
Verrucomicrobia
Akkermansia muciniphila

Prevotellaceae
Prevolella
Barneziella

F: Bacteroidetes

Lipopolusahhariidid (LPS)

Dietary
Lipids/
Obesity
& mCcD14
A 4 TLRe
1. Transportation /‘5\ ¢ LPS
by chylomicrons 4
Activation
R ® L > .‘0
L 3% Yennennne
Vandl .
> n.....
ﬂ; 3 Tissue macrophages. o -
LISV 3 Decreased .Obe'l.ty
alkaline Insulin resistance
phosphatase Systemic inflammation

Intestinal
lumen

Grammnegatiivsete bakterite
aktiivsus (Proteobacteria)

Seerumi LPS kontsentratsiooni
tousu

Endotokseemia ss===Jp Rasvkoe
teke



Mikrobioota mitmekesisus

Rasvarikkas toit

A Proteiinid 3]
3.0- 3.0-
2.5- 2.5-

3 3

g 2.0 'g 2.0

S B g 1.5-

= =

% 1.04 % 1.04

I g . r=0.309 |
= - p < 0.0001 o
0.0 T T 1 0.0
5 10 15 20 10
Protein intake (E%)
D Kiudained
3.0-
2.5-
>
% 204
£“
S 1.54
c
g 1.0 3
® e r=0.200
0.5 . p = 0.004
0.0 1 ] 1 | L}
0 1 2 3 4 5

Fibre intake (mg/kJ)

Fat intake (E%)

(@]

Shannon index

e
o

e
=}

(3, ] o (3] o (3, ]
1 1 1 1 1

Susivesikud

LR r=0.074
¢ p=0.290

8

40 50 60 7'0
Carbohydrate intake (E%)

Laursen et al., 2016
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e Pohjamaade dieet

62 Ulekaalulist persooni

/ Y

Madal Prevotella/Bacteroides Korge Prevotella/Bacteroides

New Nordic Diet: kiudainerikkam valik (tdisteratooted, marjad,
puuviljad, koogiviljad), kala ja madala rasvasisaldusega

Change in body weight (kg)

piimatooted.

4 = Prevotell, “uus Pohjamaade” dieet All were advised to follow 26 nada |at

3 Prevotella, “Lidne” dieet the NND (New Nordic Diet)

2| L e s des Peaaegu pool elanikkonnast vastab

1 |

0 |
-1 - N .
2] K&rge suhe Prevotella/Bacteroides
3 soodustab keharasva kaotamist vorreldes madala
4 Prevotella/Bacteroides suhtega.
-5 |
-6

0 2 4 8 12 16 20 24 26 52 78
Weeks

Hjorth et a., 2017



Uuring
,100-aastased bakterid eestlaste terviseks”

Too eesmargid:

* vOrrelda Eesti Vabariigi algusaastatel (100 aastat
tagasi) ja taasiseseisvumise jarel (1990-datel)
sindinud inimeste seedetrakti mikrobiootat ning
seostada seda toitumisharjumuste ja lapseea
keskkonnatingimustega

Lisainfo:
ev100bakterid@ut.ee
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Mikrobioota liigirikkus ja mitmekesisus
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Enterotuup
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EESTI

100-aastastel domineerib

Prevotella enterotitp, mis 025°

on iseloomulik grupp

kiudainerikkale dieedile o o
noortel Bacteroides - cluster

enterotuup, mis on s iy o
iseloomulik loomse valgu ja
rasva tarbimisele
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poliifenoolid Kartuli soomine

Bacteroides
Porphyromonas
Clostridium
Dorea
Lachnospira

\ Butliraat

1 SCFAs Piimhape Coprococcus
Rumminococcus



Eestlaste toidupuramiid

SOOVITUSLIK EESTI ELANIKU NADALA TOIDULAUD
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Jareldused

Seedetrakti mikrobioota on tahtis sisteem inimkehas.

Nii kehakaalu tousus kui ka langusega on tahele pantud soolestiku mikrobioota
koosluse muutusi.

Mikroobide poolt toodetud lihikese ahelaga rasvhapped on olulised soolestiku

metabolismis.

Soolestiku mikrobioota kooslust on voimalik muuta dieediga:
- soovitatakse jalgida juur-ja puuviljade rikast dieeti
- vahendada loomse valgu, soola ja suhkru osakaalu toidulaual.

—)

Mikrobioota moduleerimiseks ( sh antibiootikumravi
jargselt taastumiseks) soovitatakse kasutada probiootikume



Tanan tahelepanu eest!



