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Historické paralely

Johaness Gutenberg (1450) Zpristupnéni védomosti
Vynalez knihtisku verejnosti (=ztrata vlivu cirkve)




A jak to bylo mikrobiologii? a-

The Human | :

Genome Project

Sekvenovani nové generace (2007)
Osekvenovini lidského genomu /

(HGP oficialné zahdjen 1990 a dokoncen 2003)

Trvalo to 13 let k osekovenovani prvniho .. L - .
lidského genomu Zpristupnéni dat verejnosti:

A dnes: WGS — dny; NGS (konkrétni Gseky) Masivni rozvoj mikrobiomové védy
- jen desitky hodin!




Néco co vedce zajima a mozna by melo i vas
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1) Sekvenovani v mikrobiologii



Sekvenovani prvni generace (Sangerovo sekvenovani)
- panbakterialni PCR
- typizace nékterych bakterii (spa typy S.aureus)

Sekvenovani treti generace
(PacBio, Nanopore)
- Sekvenovani v redlném case

M

Second generation
sequencer: 454 GS20

Human Genome
Project

Complete eukaryotic
genome

Sanger method Research Human

Microbiome Project

Nanospace sequencing

1981 1995 2001 2007 2011 2019

1977 1990 1996 2005 2008 2014

Human mitochondrial Complete the Human Second generation

genome sequence Genome Project sequencer: Genetic
. Analyzer 2

Third generation
sequencer: PacBio RS

The third stage Human
microbiome project

Complete cell genome

Sekvenovani druhé generace (next-generation sequencing)

= masivné paralelni sekvenovdni
- Cely genom (WGS) / exony (metagenom) / jen konkrétni

useky (profilovani)
mikrobiomy, viromy, genomy bakterii (rezistomy, pribuznost

S laskavym svolenim
Dr. Marcely Kr(itové

pro epidemiologii)




Diagnostika infekci z primarné
/| sterilnich materiald

Kde se to da vyuzit?

Analyzy genomu bakterii

- Virulentni kmeny

- Geny rezistence (ResFinder)
- Klondlni Sifeni (Bionumerics)

Fekalni mikrobialni terapie
- testovani darcu
- sledovani udrzeni u prijemcl

Studium lidského mikrobiomu
asociace s neinfekénimi nemocemi
- IBD, IBS, T1D, obezita aj.




Panbakterialni PCR Materialy?

Primarneé sterilni!

B
Primer (cilova sekvence pro primer je u viech) Srdeéni chlopné

TGCCGTAA S

-.ACGGCATT...ACGGCATTCGGCAACTGTGCACTTGGA. .. ] Punktaty
Stafylokok

GCCGTAA i Y

ACGGCATT.. ACGGCATTCGGCAACTGTGCACTTGGA... }
Streptokok

TGCCGTAA f"—“ Velmi vzacné i krev, BAL

GACGGCATT.. ACGGCATTCGGCAACTGTGCACTTGGA... J
Enterokok

Likvor




Jak se to dé

* Dvoukolovy proces

*
d! 1. Amplifikace 165 rDNA
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| Y 2. Sekvenovani amplikonu
L SE 16S rDNA

ozncnocbooscnnd
oo

o va E
A(cmc‘"\muucuzﬂuc“u:‘[z%

- ﬁcc;“‘" it
% oo
d R

16S rDNA is a linear structure - > transcribes into a linear rRNA, and folds.

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 bp
i vz v3 va V5 vé v7 va ve

poccucAuceac ¢

Gcociy,
- MY
CONSERVED REGIONS: unspecific applications

— R 1.301-1,542

—= R o0 VARIABLE REGIONS: group or species-specific applicati
R3:501-750
R2:251-500

E R0 Figure 1: An example of a 165 rRNA gene. The regions in green are conserved in all microorganisms. These are the sites that are targeted by primers for PCR

amplification so that all the 165 fRNA genes in a sample are amplified. The grey regions are the species-specific regions that-- when sequenced-- allow for
scientists to see which species are present in a community. Image courtesy of: http://www.alimetrics net/en/index.php/dna-sequence-analysis

Nature Reviews | Microbiology



Dalsi vyuziti
panbakteria

niho PCR

* Zkousi se i z NESTERILNICH
MATERIALU (tedy casto
polymikrobialnich)

U zkousky, ale plati, ze indikace

panbakterialniho PCR jsou
primarné sterilni materialy!

3.3. Suspected polymicrobial samples

Proleus Proteus mirabilis
Klebsiella' Klebsiella pneumoniae |

KlebsiellaEnterobacteriaceas_gen_sp-

Veillonella' Veillone lla dispar

Velllonella' Vel lonella atypica
Strepiococcus/Streptococcus ALIF_s/salivarius/
Sweplococcus/GLT32452 s
Staphylococcus/Staphylococcus_sp

Porphyromonas/Porphyromonas_sp

Porphyr

Porphyromonas/Porphyromonas somerae |

Murdochiella/LTE32322 s
Mobiluncus/Mobiluncus curtisii
Lactobacillus/Lactobacillus gasserl
KI259813_g/EUITI544 s
JRNA_g/JRNA s.

Halnia/FMIC_s
Finegoldia/Finegoldia magna
Ezakiella/Bacteroides coagulans |
Escherichia/Escherichia_sp-

Enterococcus/Enterococcus faecalis

Clostri Clostridium perlri

Clostridium_g24/DS890270_s

Clostridium_g24/Clostridium bolteae

With_ i HegE:
160 é
W
144
34

183

196

67

Figure 7: Suspected polymicrobial samples with single or no pathogen reported by P
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https://static.metagenlab.ch/2023 ESGMD_ metagenomics/



https://static.metagenlab.ch/2023_ESGMD_metagenomics/

RFU (1073)

Material: Kultivacné negativni

1. Hodnoceni krivky PCR Kloubn punktat

Ampilification

- ........................... ............................. =je Vtom bakterie.

o Pozitivni
; kontrola

Ale jaka?

C, hodnota reflektuje cyklus,
kdy dochazi k nar{stu
fluorescence nad prah pozadi

1 ; i Interni

I e Prahovy cyklus (Ct) 1 kontrola

_F — Negativni
— ' kontrola

10




2. Hodnoceni sekvence

Sekvence miri do databaze NCBI BLAST

Hodnoceni:
- Similarita sekvenci (98-100%)
- Pocet shodnych nalez

Vzorek: BA-9454

CGCCGCGTGAGTGAtGAAGGTCTTCGGATCGTAAAACTCTGTTATTAGGGAAGAACATATGTGTAAGTAACTG
TGCACATCTTGACGGTACCTAATCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTG
GCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGTAGGCGGTTTTTTAAGTCTGATGTGAAAGCCCACG
GCTCAACCGTGGAGGGTCATTGGAAACTGGAAAACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAG
CGGTGAAATGCGCAGAGATATGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACGCTGAT
GTGCGAAAGCGTGGGGATCAAACAGGATTAGATACCC


https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome




Trochu terminologie na zacatek

Mikrobiom Mikrobiota / mi%léra
= genom = Zivé organismy

Molekularni Kultivacni
metody K metody /




FYZIOLOGICKA MIKROBIOTA

‘ Koaguldza-negativni

n 4
N = stafylokoky, difteroidy
‘ | é%/% 1 Viridujici streptokoky, ustni

‘ neiserie, difteroidy

E Viridiujici streptokoky

< (zpolykané)

Viridujici streptokoky, ustni
neiserie, difteroidy

Témeér vse: Anal Swab
- kromé pavodcl Gl infekci A
(Campylobacter, Salmonella,
Yersinia)

- Toxigenni C. difficile and H.
pylori (ve stolici)

- Parazité (Cryptosporidium,
Entamoeba histolytica atd.) ale
nikoliv Blastocystis nejsou-li
priznaky

KN stafylokoky, difteroidy,
enterokoky (103 a méné v
moci)

Laktobacily, difetroidy

. ' KN stafylokoky;,
C viridujici streptookoky

Koaguldza-negativni
stafylokoky, difteroidy,
mikrokoky (Cutibacterium
acnes)




FYZIOLOGICKA
MIKROBIOTA

Nejcastéjsi materiadly s fyz. mikrobiotou
 Stér kUze

Vytéry z nosu a nosohltanu
Vytér z krku

Vytér z vaginy

Vytér z rekta a stolice

(Sputum a aspiraty z DCD —to je ale
kontaminace z HCD)

NOS
KN stafylokoky, SA
difteroidni tycinky, MC

NOSOHLTAN
difteroidni tyCinky
viridujici streptokoky
Gstni neisserie

DU, ZALUDEK
viridujici streptokoky
stni neisserie
veillonelly, GNAC
prevotelly, bakteroidy
v zaludku vse

v mensim mnozstvi

DCD A PLICE
dynamicka mikrobiota
(viridujici streptokoky,
prevotely, veillonelly)

DISTALNi URETRA
KN stafylokoky
difteroidni tyCinky

enterokoky
e A—|

P ——————————
VAGINA (DOSP. ZENA)

laktobacily
korynebakterie

KN stafylokoky
streptokoky, bakteroidy
G. vaginalis, M. hominis
et genitalium

U. urealyticum

kvasinky (zejm. rod
Candida)

VNE)Si GENITAL
KN stafylokoky
difteroidni tyCinky
Mycobacterium

TENKE STREVO
laktobacily
bifidobakterie
bakteroidy
streptokoky
enterobakterie aj.

TLUSTE STREVO
obligatni anaeroby:
bifidobakterie
eubakterie
fusobakterie
peptostreptokoky
klostridie aj.
fakultativni anaeroby:
napr. enterokoky
enterobakterie

KUZE

KN stafylokoky*, SA*
difteroidni tycCinky*

C. acnes, mikrokoky
NEHTY

vSe oznacené *

+ mykotické organismy

smegmatis




Stér kuze
Vytéry z nosu a nosohltanu

Vytér z krku

Sputum a aspiraty z DCD
Vytér z vaginy

Vytér z rekta a stolice

Koagulaza negativni stafylokoky,
difteroidy

Kozni mikrobiota, nosicstvi S. aureus

Viridujici streptokoky a neiserie,
anaeroby

Témér , sterilni”
Laktobacily, kozni mikrobiota

Enterobakterie, enterokoky, kozni
mikrobiota



Koagulaza-negativni stafylokoky

* Kde je ma smysl resit? U vSech

materidlld s rizikem tvorby

Hemokultury*
Katetry se sign. kvantitou*

Ortopedické materidly (tkané, stéry,
punktaty)

Stéry ran u spondylochirurgickych
pacient(

Hluboké rany se znamkami infekce

B e S
RIS

= 2 & e P
Biofilm Staphylococcus aureus odebrany z infikovaného zavedeného katétru (The
Role of Bacterial Biofilms in Antimicrobial Resistance, ASM, 2023)



S. aureus Fyziologicky v nose (asi 20%);
(neni KNS!) Patogenni potencial:
- IKMT, ortopedické, pneumonie (!
KNS neni jen S. epidermidis a S. saphrophticus PVL+), IMC, IKR,
- Enterotoxikdza, STSS, SSSS
S. capitis Ano +
S. epidermidis Ne + Fyziologicky na kuzi;
Kolonizace katetrt, ndhrad a chlopni
S. hominis Ne +
S. haemolyticus Ano +
S. lugdunensis Ano ++ Fyziologicky na kiazi;
IKMT, ortopedické, endokarditida, IKR
S. saphrophticus Ne =+ Fyziologicky na kGzi;
IMC

* |[KMT = infekce kiize a mékkych tkani; IKR = infekce krevniho Fecisté; IMC = infekce mo&ovych cest; STSS =
stafyl. syndrom toxického Soku; SSSS = stafyl. syndrom oparené kliZze; PVL = Panton-valentin(v leukocidin)




**l Vymaz I(opiel F2-ramec F3-oper Fo-vyd

aerobni periferie
INDM Interna - standard. 7_stanice

upf+lok:
oddél:

prjato:

o 16.12.2023-00:12
16.12.2023-09-48

uzavieno:

Pozitivni:

2/4 lahvicek

L-Identif

Hzolace

D-Maldi I C-ceka I H-Dohfati I O-opak I E-Klin IV—Iden.KDkyIZ—Zamraz'rlI S-ser I X-mimo IF—DUPLIKATl

Operace
MIKROSKOPICKY

17.12-05:41 I Preparat z Klinického materialu:

18.12-07:16 I Maldi - koky

citl zény Stafylokoky (3 fady)
Doba do pozitivity

MacCon key puda HK

17.12-07:55
. 17.12-00:52
L 1712-05:41

Visledek ([F10]-vstup do editoru, [Ins] - tisk, [Ctrl /ins] - kopie operace , [Altns] - kopie vétve, [Shift/Ins] - vioZit kopii )

g+koky wve shlucich

Staphylococons epidermidis

0XA+ PEN? COT+ ERY+ KLI+ TET+ RIF+ OFL+ VAN-

14 Ok 41m

TEI- GEN+ LNZ+ TGC+ CPT+

Materid:  Hemokultivace aerobni periferie

VySetfeni: hemokultivace, hemokultivace pozitini |

hemokultivace vyockovani

MIEROSKOFICKEY

Preparat z klinického materidlu:

Kultivace

Staphylococcus epidermidis
ANTIEIOGRAM

C

Nalez 1:

oxacilin....
kotrimoxazol
=5 o ol o R
KlindamyCine e ssenssssanannnn
tetracykline e e snnnnannan
rifampiciNeiesesssassasansannns

A a8

g+koky we shlucich

diskovd difusni metoda)
ofloxacin.
gentamicin
linezolid. seeieininninnnninnan
tigecyklin.eese v eeenennnncnnnn

ceftarolingé.....ciininnnennnan

00060

Zkratky: C = citlivy, R =

ATB stiediskem

rezistentni, I =

intermedidlni, *

= vysledek k dispozici po konzultaci s




Signifikantni

kvantita (>15 CFU)

15.12.2023-12:01
16.12.2023-13:33

=]

centréini Zilni
CH34 3_chir_klinika-JIP asept uzavieno:

= — aldi I C-ceka I H-Dohfati I O-opak I E-Klin IV—IUen.KDkyIZ—Zamraz'rtI S-zer I X-mimo IF—DUPLIKAT'

Vysledek ([F10]-wvstup do editoru, [Ing] - tisk, [Ctrl /ins] - kopie operace | [AltIns] - kopie vétve, [Shiftng]

16.12-08:12 || izolace na Krevni agar dete
18.12-08:32 I Maldi - koky Staphylococcus hominis
18.12-10:23 citl zény Stafylokoky OXA PEN? COT ERY FKLI TET RIF OFL VAN TEI GEN LNZ TGC CPT
16.12-08:12 | | kvantita > 15 CFO

. 16.12-08:12 |] duplikat operace
16.12-08:12 I izolace na Krevni agar
18.12-08:32 I Maldi - koky

J (=H . 15.12-13:33  Krevni agar (Columbia) SONO negativni
J L 15.12-13:33  Trypton-sojovy bujon

Materidl:  Katetr cévni centralni Zilni
VySetfeni: céwni katetr - vySetfeni

MRAET

Walez 1: Staphylococcus hominis =15 CFU

SO0ND

Nalez: pegqativni




o 12.12.2023-10:40

pfijato: 12.12.202313:54

uzaviena:

*‘l Vymaz KopialF?_-ra'mEc F3-oper F6-wyd D-Maldi I C-ceka I H-Dohfati I O-opak I E-Klin IV—Idan.KDky I Z—Zamraz'rll S-ser I X-mimo IF—DUPLIKAT

Kult Dat Operace Vysledek ([F10]-vstup do editoru, [Ins] - tisk, [Ctrl /ins] - kopie operace |, [AltIns] - kopie vétve, [Shiftins] - vioZit kopii ) T(U|O
MIKROSKOPICKY

J 12121354 I Preparat z klinického materialu: bunééna drt, lenkocyty masivné, bez mikrobun

J__I—I III
L 12121354 I Krevni agar se stafyl.Carou (Columbia) negativni -

|| L 12.12-06:50 [ doniati asse = O

| 12 12-1354  MacConkey agar e

. 12.12-13:54 | | bujén thioglykolatovy
. 1212-1354 I Kkrevni agar (Columbia) - pomnozeni dees

14.12-08:18 I Maldi - koky Staphylococcus epidermidis

14.12-08:18 | | citl zony Stafylokoky (3 fady) OXA- PEN? COT+ ERY- KLI- TET+ RIF+ OFL- VAN+ TEI+ GEN+ LNZ+ TGC+ CPT+
. 1212-13:54  MacConkey agar - pomnoZeni

— . 1212-1354  Schaedler - 1.éteni Begativad < |oco O
s . 12121354 Schaedler VL Wysledek prodlomZené kultivace sdélime dodatedné. -
|+ . 12.12-13:54 | Bujén pro anaerobni kultivaci - thioglykolatovy O
b sarster. wackonos. ey - [ . O
| (= . 1212—13:54. Schaedleniv agar - primokultivace a5 - O x
| |: 1412—07:05. Maldi - anaerobi il s e |eea O D

14.12-08:33 | | kvantita seela—-ojedinsle = O



Material:  Stér z rany, defektu, pistéle, eflorescence... hluboka operacni 1.vzorek (Odbér)
VySetfeni: hluboka rana - kultivace vé. anaerobu

FRIMOEULTIVACE

Nalez 1l: Staphylococcus pseudintermedius
BNTIBIOGRAM (diskova difusni metodal

o¥aCilin. . ceseennnsanasnnannan C REE=ha B £ e o
KOLPimoXaZ0l. e e saseennannsaman C telkoplanin. . ue senwaanans snsan
= oyt vt 4 a7 a8 C s (=301 v2='1 o 5.+ AR
Elindamycife e eevunssnssnnsnnas C linezolid. vevennvnnnnnnnnnnns
tetracykline e nen s nesnnsnnas C tigecyklin. . cennnnnnnsnnnan
hga T f-'h1 ) o X o o C ceftaroling. v sennannansnnnan
0ElOXBCIiN. cnnssnnassmasnmannas C

Halez 2: Corynebacterium sp
ANTIBIOGRAM (diskovid difusni metodal

Penicilife snnssnanssnssnnannns R CefotaXiM. vesansnansnnnssnnnns

BMPICIiliN. cuwaesannsnsanssnnan C bl o o o AR

ElindamyCiN. eue sasssssans snman R VARKOMYCIN e s s s s nsanans sanan

kotrimoXazol. e weerienesnnsnnas C linezolid. vesencnananmnnsnnnas

NorfloXaciNeessvanssnsanssamwan C Ligec¥klin.e.euw sanwaanans nnean
POMNOZENT

Walez: dtio

Anasrobni Jultivace

Nalez: negativni

e ErEs R ]

N rErEzrEt]



Vsechno ve sterilnim vzorku:

O Tkané
1 Srdecni chlopné

H Hemokultu 'Y (kromé jedné z vicero

lahvicek, kde KN stafylokoky — susp. kontaminace)

O Kloubni aspirat

J Mozkomisni mok

Mimo jiné:

O Vice nez 103 CFU ze
suprapubické punkce

O STD patogeny u déti

 E.coli in ze vzorku stolice u
kojencl a batolat



O T

Caggaant’
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Trochu terminologie na zacatek
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Lidsky super-organismus
Ziji oni s ndmi nebo my s nimi?




Jsme vic lidi nebo mikrobi (bakterie)?

human cells

A
[ ‘L

cells
(x107) I

B erythrocytes O others W bacteria

Sender et al, PLOS, 2016



Jsme vic lidi nebo mikrobi (bakterie)?

human cells bacteria

A A
[ | |

cells
[x10?] I _

B erythrocytes O others W bacteria

Sender et al, PLOS, 2016

Clovék 2 30 biliona
@ (3.0x10%)

Bakterie 38 biliont
@ (3.8 x 1013)

1.3x vice bakterialni ,@



Jsme vic lidi nebo mikrobi (bakterie)?

human cells bacteria

A A
[ | |

cells
[x10?] I _

B erythrocytes O others W bacteria

Sender et al, PLOS, 2016

Clovék 2  30biliond 20-25 tisic
ﬁ (3.0 x 1013) (2.0 x 10%)
Bakterie 38 bilionu 2-20 milionu
@ (3.8 x 1013) (2.0 x 106 — 2.0 x 107)

1.3x vice bakterialni @  100x vice bakterialni



Jsme vic lidi nebo mikrobi (bakterie)?

human cells bacteria

A A
[ [ |

cells
H 13 10 - 0.2 M erythrocytes [ others W bacteria

M adipocytes B muscle cells

mass
[ke]

Sender et al, PLOS, 2016

I L T N

Clovék 30 bilionu 20-25 tisic 70-100 kg
@ (3.0x 1013) (2.0x 10%)
Mikrobi 38 bilion( 2-20 milionu 0.2 kg
@ (3.8 x 1013) (2.0 x 106 — 2.0 x 107)

]

1.3x vice bakterialni @ 100x vice bakterialni '@ 350-500x vic clovék @



Microbiome

Microbiome

IN NUMBERS
Interfacing Food & Medicine

o
3 8 b| | |O n u . The microbiome is more
g therell medically accessible
Symeohc MICroeas live N and on eveary 5 1 bl th th
person and make up the human microblota and manipulable than the
human genome

Itis
thought that

%

of disease can be linked in some
way back to the gut and health of
the microbiome

5:1

Viruses:Bacteria
in the gut microbiota

Tha rnumber
of times
- your body’s

microbes would cirde tha earth
f positionad end to end

—

e
Each ir:\di\/ideal has a unique ﬁ
gut microbiota, as 2 //4/}),/1

personal as a fingerprint

[ o You have
| A 7| : V ‘ X
L # I @

more microbes than human cells

2k The gut microbiota can
Numbear of diferent morobel spacies that resaamchers g weigh up to 2Kg
have idensfisd iing in and on the human body



Fyziologicka role mikrobiomu

* Traveni
/5?"" . {éﬂ‘;

pathogenic
microbes

and mastné kyseliny s
kratkym retézcem)

O g [ S
* Regulace imunitniho @ {Fp

. "o
N

Stimulate the

SyStému immune system Gut Microbes
v . Vé oo JN N
* Obrana pred infekci 5 j“w)
* Integrita stfevni steny Protect epithelial

cells of the gut

g»’«l)

Metabolismus (vitaminy Vi {9 Fend off %9#

Break down
food

“ra.

Synthetise
vitamins, SCFA



1 EN?
CiMm JE NEJVICE OVLIVNEN?

C-section |
Formula feeding
Environmental Pollutants
Exercise Circadian disruption
- Stress
Diet
! Sedentary lifestyle
Breastfeedmg :
) \ Processed diet
Vaginal birth o
Genetics

ther Medications
Antibiotics
DYSBIOZA
EUBIOZA

P
Nespecifické strevni

Aterosklerdza a
zanéty (IBD)

KVO

Crohnova

Syndrom drazdivého
tracniku (IBS)

choroba (CD)

Alergie, astma,

Obezita, T2D
celiakie




Co je tedy
~dobra“strava?

(microbiome-wise)

¥ruraid
D% bW
> HH
%B P 4,3 “g’
'R E LR

»Thirty different plants

«“
per week
(Knight et al, American Gut Project, 2012)

a Weekly defecation b
Monday
% %34 ! ;s Tuesday
&
Diet low in animal fat and protein | Diet high in animal fat and protein
g
but high in plant fibres w but low in plant fibres
Host enzyme | Acid Wednesday Host I -
digestion | hydrolysis + proteases Y
Indigestible DO D Peptides
polysaccharides Thursday / 1 \
rermentation Sulfur Other Aromatic
Indigestible but amino acids amino acids amino acids
DO fermentable Friday l \
polysaccharides ®
l | * Methionine Tyrosine Phenylalanine Tryptophan
h * Cystine ~
/m% O‘*gg\ gp s ; Cysteine /,,h\“"i\‘\
= aturday * Taurine L d
Q fg\:& {a L G = < ~=
[ Microbiota related to metabolic health I Sunday I Aberrant microbiota related to metabolic diseases
Sulfate * Deamination Miscellaneous
reduction * Decarboxylation reactions
SCFAs
T Mucus Hydrogen = Ammonia Phenylacetate T Luminal pH
Nacration sulfide = Amines
- Hb = p-Cresol * Indole
- * Phenyl- propionate
Propionate Acetate Butyrate T Methane + sh:::‘f:tsion - ng propionate « Indole
« Organic acetate
acids = Indole

4 Luminal pH
T Acetaldehyde

PCR-41/43> (GPCR-41/4
\ / PPARY
. ng " B-Oxidation = - g N o > @

Gut hormones TBCFAs T TMAO PAMPs (LPS)
PYY or GLP-1
¥
.89 050% 8,06  © 00O °"~°E/ ® o®o
oo L 2t ) o005 m e o
1 Blood T Energy T Glucose-stimulated T Blood T Metabolic 1 Glucose-stimulated
glucose expenditure insulin secretion glucose endotoxaemia insulin secretion

Fan &Pedersen; Nature Reviews Microbiology, 2020



Short chain fatty acids (SCFA)

Non-starch
polysaccharides

Resistant
starch

—>| Succinate
Pyruvate Acetate
Lactic acid
Acetyl CoA bacteria -
Bacteroides
Ruminococci
Lactate
Acetyl-CoA Lactic acid

| Acetate |

— < bacteria
I I ¥
| Butyrate Propionagl
|

Bacteroides Clostridia Bacteroides
Bifidobacteria Eubacteria Clostridia
Clostridia I Fusobacteria I Propionibacteria
Desulfovibrio Ruminococci Veilonella
Eubacteria

Fusobacteria I_ — o —

Peptococci

Peptostreptococci

Propionibacteria 4

" Vyziva pro enterocyty:
Veillonella

 podporuji proliferaci a opravy bunék
 podporuji difernciaci
* upeviuji spojeni (tight junctions)

Ramakrishna BS. J
Gastroenterol Hepatol 2013



Jak se to analyzuje?
Aneb krok za krokem - od vzorku k hezkym obrazkum

Laboratorni prace

Izolace DNA

. PCR #1: amplifikace 16S rDNA
(odstupriované ,staggered” primery) s
kontrolou na ELFO

. Precisténi #1
Ptiprava knihovny . PCR #2: indexovani
DNA . Pietiiténi #2

. Ekvalizace vzorku
Sekvenovani . Poolovani
. Ziskani findIniho poolu knihoven DNA

Ziskani dat
(OTU tabulka)




Stool collection

Stored at -80°C

| ___—™] DNA stored in -80°C

DNA Extraction

PCR for 16S rDNA

Mass sequencing of
this gene

Group reads by
similarity, count them

Classify taxonomy

>0TU1: AAGCATATGCTATGATCGATCATGACT
>0TU2: CATGATCTGACTATTATTCGCGATTTG
>0TU3: GCGATATTCGATCTATTCGATGCGGAT

>0TU1: Firmicutes; Clostridia; Clostridium piliforme
>0TU2: Firmicutes; Clostridia; Ruminococcus bromii
>0TU3: Firmicutes; Bacilli; Leuconostoc

Randomly
fragment
total DNA

Sequence,
assemble genes

Analyze composition

SRR RERLY

P8
Pl
PL
Pl
P 23
P2n
#73
P
PL
(Xl

controls

Compare cases with

Data analysis

Actinobacte] _Bacterodete p_Fimict unes _proe

caco

bundance.

S0

AN

Classify genes
by function

the microbiome

> glucosidase

> lambda phage capsid
> lactase

> cable pilus

Assess functional capabilities of

Compare cases with controls




Gen pro 16S rRNA

* Je cast malé ribosomalni e i,
podjednotky bakterii (30S, tvorena
21 proteiny a 16S rRNA)

* Velikost: 1542 bp

e Struktura genu:

» konzervativni oblasti (tam nasedaji
primery) a 9 hypervariabilnich
oblasti V1-V9 (to se amplifikuje a pak
sekvenuje).

* \/yuziva se nejvic oblast V3-V4 (asi
440 bp)

Yarza P,. Nat Rev Microbiol; 2014

Nature Reviews | Microbiology



Gen pro 16S rRNA

16S rDNA is a linear structure - > transcribes into a linear rRNA, and folds.

0 100 200 300 400 500 600 700 8OO 900 1000 1100 1200 1300 1400 1500 bp
Dvil ve [ v [ ve [vsl ve | vil vel v

unspecific applications
VARIABLE REGIONS: group or species-specific applications

Figure 1: An example of a 168 tRNA gene. The regions in green are conserved in all microorganisms. These are the sites that are targeted by primers for PCR
amplification so that all the 16S tfRNA genes in a sample are amplified. The grey regions are the species-specific regions that— when sequenced-- allow for
scientists to see which species are present 1n a commumnity. Image courtesy of: http://www.alimetrics net/en/index. php/dna-sequence-analysis

Vyhody a proc€ se vyuziva:
* Jeto jak vysoce konzervovana, tak ubikvitarni sekvence
e Jetorelativné jednoduché a levné sekvenovat
» Existuje dobra referencni databaze (Silva, GreenGenes, RDP)




Jak muze vypadat vysledek

British Gut Project (] microbio.

i 4ot YOUR AMERICAN GUT SAMPLE

df
P

10f1

What's in your American Gut sample?

‘Your most abundant microbes:  Your most enriched microbes:

T Sample Taxonor Sample F i Fold
Genus Bacteroides 26.6% Genus Peptoniphilus 1.21% 011%  11x
Genus Faecalibacterium  15.8% Genus Lachnospira 7.29% 0.88%  8x
Family Lachnospiraceae  10.5% cont. Genus Ruminococcus  1.78% 0.71%  3x

us L i 7.3% Genus P X 0.07% 0.00% 37x
Your sample contained 8 rare taxa. indiuding the folowing: Genus Acti Genus Gerwus Anaero-
tustis, Genus Selenomonas, Genus Succiniciasticum.

How do your gut microbes compare to others? = @™ - cmes - unspostes

1 vour Courny
[ Westom Diet
[ ] Amarndians
W asawars

Different Body Sites Ditferent Nationalities

The American Gut Population




Kompozice - co tam bydli?
Hlavni kmeny Tridy Priklady rodu

Actinobacteria

Actinobacteria Actinomyces; Bifidobacterium

Bacteriodetes Bacteroidia Bacteroides; Prevotella; Alistipes

Firmicutes Bacilli Bacillus; Staphylococcus

Enterococcus; |Lactobacillus; Lactococcus;
Streptococcus; Leuconostoc

mm Firmicules
| W Bacieroidotos
Proteobacteria

Actinobactaria
Verrucomicrobia

\ Tenericutes

| 55 Omuincin Clostridia Clostridium; Coprococcus; Roseburia;

. Other . . .
Faecalibacterium;|Ruminococcus
Negativicutes Veillonella
Proteobacteria Epsilonproteobacteria Helicobacter; Campylobacter

Gammaproteobacteria  Citrobacter} Escherichia; $higella; Klebsiella;
Providencia ....

Verrucomicrobia Verrucomicrobiae Akkermansia




y

group
time_point

Weighted Unifrac distance, PCoA, the level of genus
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Mimo bakterie: Blastocystis

* Nejvice zastoupeny eukaryont v lidském streveé 1-3

» Marker vysoké bakterialni diverzity #>

* Prevalence se lisi
Vyssi v rozvojovych zemich (40-100%) 68

* Nizsi v industrializovanych zemich (7-50%) a stfevnich

onemocnéni (do 5%) °12

* Klasifikuje se do subtyp( (ST1-ST41) 13

* Potvrzeno 37 STs

Z toho 15 u ¢lovéka (ST1-ST4 predstavuji 90% vsech)

> f@ ,{}-

External environment

Large intestine

Gut mlcroblota

SEESN

. 4 :

High bacterial dlversny and richness

) . Anaerobic conditions
Binary fission

Stensvold, Trends in Parasitology, 2020

1)Tito. Gut. 2019; 2) Andersen. FEMS Microbiol Ecol. 2015; 3) Rostami.
Parasitol Res. 2017; 4) Clark. Adv Parasitol. 2013; 5) Cinek. Parasit Vectors.
2021; 6) Poulsen. Am J Trop Med Hyg. 2016; 7) Mohammad. Asian Pac J Trop
Med. 2017; 8) Oliveira-Arbex; Infect Genet Evol. 2018; 9)Wawrzyniak. Ther
Adv Infect Dis. 2013; 10) Stensvold. Parasitol Int. 2016; 10) Bart. BMC Infect
Dis. 2013; 11) El Safadi. BMC Infect Dis. 2016; 11) Scanlan. Infect Genet Evol.
2016. 11) Scanlan. FEMS Microbiol Ecol. 2014. 12) Lhotska. Front Cell Infect
Microbiol. 2020; 13) Hernandez, J Eukaryot Microbiol, 2023)
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Co je ,dobry a Spatny” vysledek?
DOBRY SPATNY

Vysoka alfa diverzita (300-1000 species) Nizka alfa diverzita (méné nez 100
species)

Anaerobni prostredi (napt. velmi mélo Mnoho fakultativnich anaerobt (napf.

Proteobacteria) vice Proteobacteria)

Vice producent( SCFA Malo producentt SCFA

Blastocystis pozitivni Blastocystis negativni

Zdravy mikrobiom?




KdyzZ se rodi¢e /pacienti zeptaji

Co ovliviiuje stifevni mikrobiom
C"SeCtion

Formulia feeding

na strevni mirobiom

E rci E ir
- "l‘)eiectse mC,;r:::?ae:za,' pOlh:,tants
Av4 oo ’. 'sruptlon
Reknéte jim at: Breastfeeding Stress
.. ; Vaginal birth sede"tar'y Iifestyle
- Jedi Siroké spektrum Genetics Processed diet
rostlinn / h H Other Medications
ych potravin w
- Dobre spi, cvici a jsou venku 7
“SYMBIOSIS” “DYSBIOSIS”

Konzultace vysledkuii: mj.
diverzita a ¢etnhost anaerobU

Co mUzete délat jako lékari:

- Rikejte jim to samé bez vyzvani Budte v klidu kdyZ uvidite

- Pfedepisujte ATB jen kdy? je to tfeba - fyziologickou mikrobiotu
antibiotika nejsou lentilky!

- Nelecte Blastocystis u - Ale klidné nam radsi zavolejte

asymptomatickeho pacienta



Take-home message

1. Jste superorganismus (bunécné: 1.3x vice mikrobialni nez lidksy)

2. Potraviny bohaté na vlakninu jsou nejlepsi potravou pro strevni mikrobi, kteri

produkuji SCFA a ty jsou potravou pro enterocyty a udrzuji mj. strevni integritu

3. Hlavni kmeny bakterii ve stfeveé jsou Firmicutes a Bacteroides

4. Rikejte pacientlm at ji diverzitu rostlinnych potravin, cvi¢i a popdorujte kojeni.
Predepisujte ATB jen kdyz je to treba.

5. Naucte se jak vypada fyziologicky ndlez z kazdého vzorku, at jste pak v klidu
kdyz ho uvidite



Vice informaci o mikrobiomu a vsem
novém kolem néj nyni najdete snadno!

-
'.\(.‘S CMS CMs v Proodborniky v Propacientyalaiky v  Podcasty Procleny  English v & — . . = -
eska mikrobiomova spolecnost CLS JEP

Ceska mikrobiomova
spoleénost CLS JEP

Ceska mikrobiomova spole¢nost je mezioborové sdruzeni viech
zéjemcu o problematiku mikrobiomu a jeho vlivu na zdravi a
vznik nemoci a to jak z fad odbornikd, tak z Fad laické veFejnosti Sleduji

¢i pacientskych organizaci.

Ceska mikrobiomova spoleénost CLS JEP

Oficialnf G&et CMS CLS JEP.
Pravidelné informace ze svéta mikrobiomu pro odbornou i laickou verejnost %

https://www.mikrobiom-cms.cz/
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