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== Definitionen

Ihrer Genome, Proteome und Metabolome

“microbiota”: Ansammlung von Mikroorganismen,
definiert durch ribosomale oder andere Marker-Gene

(Marchesi und Ravel, 2015; Whiteside et al., 2015)

Was und wo?

« Bakterien, Archaeen, Viren/Phagen, Hefen/Pilze,
Protisten, Wurmer, Parasiten etc...

 am ganzen Korper: wo man auch sucht, findet man
Mikroorganismen...




mm Komplexitat

Genom vs. Mikrobiom

23T Gene 3.3 Mio Gene
1074 Bakterien
1-2 kg mikrobielle
Biomasse (Mensch)




mm Mikrobiom des Verdauungstraktes
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mm Phylogenie

Fungi-Basidiomycota (15)Fungi-Ascomycota (49)

Stramenopiles (1)
Amoebozoa ( Euryarchaeota (6)

Apicomplexa 18
\\Crenarchaeota (§) Actinobacteria (164

Ciliophora (1
Metamonada (

Melainabacteria
TM7

Chlorg i

Microsporidia ( Wergistetes (2

Fornicata (2)

DeinococcusdThermu,
Bacilli — Baclillales, Lactobacillales etc.

Clostridia — Clostridiales etc.

Firmicutes (450) | Erysipelotrichia - Erysipelotrichales

Negativicutes — Acidaminococcales,
Selenomonadales,

Gemmatimonadetes VeiIIoneIIaIes

irmicutes/Halanaerobiales (1) | Unclassified Firmicutes

Lentisphaerae (1) etc. (75127 taxonomy entries)

100%

Spirochafetes (3

Proteobacteria (214)

Fusobacteria (13)

Planctomycetes (1)

Bacteroidetes (99

M. Rajilic-Stojanovic & W. M. de Vos (2014) The first 1000 cultured species of the human gastrointestinal microbiota.
FEMS Microbiological Reviews. 38:996-1047. 5




mm Djversitat

[C] Bacteroidetes
[ Firmicutes
Actinobacteria
[[] Proteobacteria

] Fusobacteria _

~ Aeromonadaceae

A. D. Kostic et al. (2013) Exploring host—microbiota interactions in animal models and humans.
Genes Dev. 27:701-718




mm Djversitat

einfaches System (Mensch, Schwein, Hund)

Dominant gut phyla:

s, Actinobacteria, P

Bacteroidetes, Firmicute

Predominant families in the:

Small intestine

Bile
duct\%

M Appendix

Caecum

Rectum

Donaldson et al. 2015 Nat. Rev. Microbio.

Inter-fold regions

Digesta :
Bacteroidaceae,
Prevotellaceae,

Rikenellaceae




mm Diversitat

einfaches System (Mensch, Schwein, Hund)

= Firmicutes
» Bacteroidetes
Proteobacteria
= Spirochaetes
Synergistetes
u other

Dunn -
darm

lleum

Feces

Dickdarm

Magen

Blinddarm

Looft et al. 2014 ISME J.

multiples System (Wiederkauer) The percentage of phyla (%)
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Duodenum-D M Spirochaetae

Jejunum-D
leum-D

Reticulum 0 Unclassified
- GacliniD = Actinobacterig
Large '"tes“”e[ Colon-D B Proteobacteria

Rectum-D I Bacteroidetes
Mao et al. 2015 Sci. Rep. I Firmicutes

Small intestine [

Abomasum

Blinddarm

aviares System (Huhn, Pute, Ente) o0-

Proventriculus (Driisenmagen) 2 70 13 14
. © 60
Blinddarm 8
Dickdarm % 50 9
:'Cj 40 8
Kloake 2 30- Lactobacillaceae !
6

Muskel-

magen Dinn- s

Videnska et al. 2013

BMC Vet. Res. -

crop gizzard stomach duodenum ileum caecum  colon



Wer ist da? Wer ist aktiv?

DNA RNA Protein

LY I
i Metaﬂgenomics M: [\ W\/\A M i M i

Meta-
transcriptomics _ _

P proteomics Meta .
metabolomics

Metabolisches
Inventar der
Mikrobiota

Phylogenetische
Struktur und
mogliche Funktionen

Aktive Phyla und
exprimierte Proteine




Metagenomics
of the Human Intestinal Tract

European research project

eta

Budget Laboratories

the European consortium
MetaHIT have been analyzing
the collected genomes of the

INTRODUCTION 2 2 1 8
Since 2008, researchers with m I I I I o n cou ntries

euros 14:i:ssn

microorganisms present in our

: el . : The 4 year program was financed in large part by the institutions are involved in the
intestine ; the microbiota. European Union under the FP7 (7th Framework consortium, with more than 50
Programme). researchers and cooperation

between Europe and China.

Observations Research themes

RESEARCH : e
Jlchronic JSg o iem Nimw

!.itttletg n?er§toog_ tJtntil ?ow, tthe v of genes, we c:
intestinal microbiota interests o . i

3 - overview of th
researchers as an avenue of >I |nfect|0us |1 J ‘ —— A individuals anc

inquiry to explain the evolution discovery of er

of chronic diseases. Observations made in the Nutrition. Better knowledge of the the upcoming
past 50 years cannot be solely intestinal microbiota of individuals will diagnostic ore
explained by variations of our ~ enable the nutritional needs to adapt to human health.
N I H H U M A N genome. everyones specific nutrient needs.
Genome sequencing Discovery of the

MICROBIOME SN NGA illi s b
The MetaHIT consortium m I I o n P i bty |
published two major findings in - 4
P R OJ E ' I the scientific journal Nature : an W Otherbactera \2. ’
established catalog of bacterial Interactions between ]

s 2 - bacteria populations
giesrclgflér;;gi :":;Srg’t‘;b:?d the The gut bacterial gene catalog, which can be compared to ¢

a molecular scanner, was established by metagenomic high °

throughtput sequencing and allows the observation of the

human gut microbiome. a. Bacteroi¢

Chronic diseases Nutritional impact
PERSPECTIVES © If it is possible to reveal early warn

a— signs of obesity, one can imagine 1
tritional intervention and diet advi
being used to reestablish a healthy
human microbiome research : crobiota. The possibility of intervel
early detection of chronic [ [ directly in the flora, in the case of ¢
diseases, personalized medicine Disturbances in the microbiota can be early warning turbance to the intestinal ecosyste
and more healthful food. signs for certain diseases like Crohn'’s disease or could also be envisioned.
diabetes.

MetaHIT opens avenues for
further efforts in the field of
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RMG NETWORK

RUMEN MICROBIAL GENOMICS NETWORK

B2 &

\

o

pCY186

Hungate 1000

il o The Hungate 1000 project aims to produce a reference set of

rumen microbial genome sequences by sequencing the

genomes of available cultivated rumen bacteria and

methanogenic archaea, together with representative cultures of

rumen anaerobic fungi and ciliate protozoa.
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SEVENTH FRAMEWORK
PROGRAMME

* X %
* %
* *
5 K

* 4k

An FP7 financed Project

- CcOos t COST s supported by

| %] the EU Framework Programme
EUROPEAN COOPERATION
IN SCIENCE AND TECHNOLOGY

Horizon 2020

BB About  Workinggroups>  Participants  Activities»  COST  Publications  Contact

inal microbial balance and the impact on the health
s of pigs

Restricted area
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mm Nukleinsaure Extraktion

In Mikrobiota Forschung des Nutztieres gibt es kein einheitliches Protokoll!
Vergleichbarkeit der Ergebnisse !?

Verschiedene Protokolle:

Lyse der Zellen (mechanisch, chemisch)
DNA/RNA Aufreinigung

Pb&erFéeﬁl"‘ DNAT\ b ¥
|solation Kit i

50 Preps
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mm Test von Extraktionsprotokollen und variablen Regionen

Phylogenetische Zusammensetzung der Kotprobe
V1-V2 V5-V6

... Acidaminococcaceae
--- Clostridiaceae 1
--- Coriobacteriaceae
--- Erysipelotrichaceae
--- Lachnospiraceae
---- Lactobacillaceae
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NN e
----- ---- Ruminecoccaceae
NN o
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[]
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Empfehlung: Protokoll von FastDNA™ SPIN Kit for Soil (MP Biomedical).
Beide variable Regionen eignen sich fur die phylogenetische Analyse der Mikrobiota.

Burbach K. et al. (2016) MicrobiologyOpen 5(1): 70-82 13




mm Variabilitat des Mikrobioms

14

Borda D. et al. in Vorbereitung



mm Variabilitat des Mikrobioms

Crop lleum Caeca
replicates replicates replicates

100 1 2 3 4 5 6 1 2 3 4 5 6 7 1 2 3 4 5 6 7
Anaeroplasmataceae [ ]

Bacillaceae 1 [ ]
Burkholderiaceae O
Carnobacteriaceae
Clostridiacae 1

Clostridiales incertae Sedis IV
Clostridiales incertae Sedis XI 1
Clostridiales incertae Sedis XII
Corynebacteriaceae

0 Enterobacteriaceae
Erysipelotrichaceae
Gracillibacteriaceae

Lachnospiraceae _

50

Lactobacillaceae B T e

Moraxellaceae
Nautiliaceae
Peptococcaceae 1
Peptostreptococcacae -
Piscirickettsiaceae
Planococcaceae
Pseudomonadaceae
Ruminococcaceae
Staphylococcaceae
Streptococcaceae B

others | N
1

5

Borda D. et al. in Vorbereitung
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mm Dynamik des Mikrobioms
Alterung Diat

1818

|
20
ol Wie schnell passt sich das Mikrobiom
einer experimentellen Diat an?
1.0

N Andlss

1 2 3 4 B 12 22 2616 189 34 55 38 45 60 &1
age of chickens (weeks)

% of total microbiota
B 83883388

"y
o

o

07 . '1—(7)7 207 30 40 7 50 60
age of chicken (weeks)

Videnska P. et al. (2014) PLoS ONE 9(12): e115142 16



Wer ist da?
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Metagenomics
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mm Dynamik des Mikrobioms

Relative abundance (%)

Fltterungsversuch mit Schweinen (16 Wochen alt)
Kotprobenahme in den ersten 4 Wochen der Umstellung: 7 Zeitpunkte
Analyse des Metaproteoms: > 9500 bakterielle Proteine
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Tilocca B. et al. in Vorbereitung

Other

B Rhodocyclaceae

m Enterobacteriaceae
Chromatiaceae

M Rikenellaceae

m Prevotellaceae

m Porphyromonadaceae

m Flexibacteraceae

m Bacteroidaceae

W Spirochaetaceae

m Bifidobacteriaceae

m Veillonellaceae

m Streptococcaceae

m Ruminococcaceae

m Peptostreptococcaceat
Oscillospiraceae

m Lactobacillaceae

W Lachnospiraceae
Eubacteriaceae

m Clostridiaceae

m Alicyclobacillaceae
Acidaminococcaceae

PCO2 (9.9% of total variation)

10
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PCO1 (22.5% of total variation)




mm Dynamik des Mikrobioms

Fltterungsversuch mit Schweinen (16 Wochen alt)
Kotprobenahme in den ersten 4 Wochen der Umstellung: 7 Zeitpunkte
Analyse des Metaproteoms: > 9500 bakterielle Proteine
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Balance
1927

Anpassung des Mikrobioms an
Ration sehr dynamisch, stabil erst a0, | 1 | 1 | |

nach 3-4 Wo. (oder noch langer?) 30 20 -0 0 10 20 30
PCO1 (22.5% of total variation)

PCO2 (9.9% of total variation)
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Tilocca B. et al. in Vorbereitung



mm [Funktionen des Mikrobioms
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== Funktionen des Mikrobioms - Broiler
Ausnutzung des Futterangebotes — Bsp. Phosphor

Inositol-hexaphosphat (InsP6)
Bestandteil in Pflanzen (Getreide)

x Nicht direkt verfligbar, geringe endogene
Phytaseaktivitat

v Mikrobielle Phytasen:
InsP6 = InsP5, InsP4, InsP3 + P

Veranderung des Mikrobioms bei unterschiedlichen P und Phytasezugaben?

Mikrobiota (16S rDNA Sequenzanalyse) und Metaproteom entlang des
Gastrointestinal Traktes im Broilern:

+/- anorganischem Phosphor (BD+/BD-)
+/-
Phytasezugaben (0, 500, 12500 U) 21




mm Ausnutzung des Futterangebotes — Bsp. Phosphor

16S rDNA Sequenzanalysen

D- BD-500 BD-12,500 D+ BD+500 BD+12,500

-0000060
000000

ILEUM
ceca | P G W
NN N
= Aeromonadaceae = Flavobacteriaceae = Lactobacillaceae ® Rhodocyclaceae = Enterobacteriaceae
= Peptostreptococcaceae = Enterococcaceae = Bacteroidaceae = Erysipelotrichaceae = Lachnospiraceae
= Helicobacteraceae = Rikenellaceae Ruminocaccaceae Unc. Clostridiales = Others

Witzig M. ef al. (2015) PlosOne. 10(11):e0143442 22




mm Ausnutzung des Futterangebotes — Bsp. Phosphor

Metaproteomische Analysen des Caecum

Phosphor-Limitation:
1 Proteine der Lactobacillaceae (f)

Proteine deuten auf ein
BD+ gestresstes Mikrobiom hin
BD+12,500 (Chaperonine, Transporter etc.).
BD-

BD-12,500
Gute Phosphor-Verflugbarkeit:
1 Proteine der Bacteroidaceae (a),
Ruminococcaceae (e)
g @ A Proteine zeigen ,normale’
Yo RS oo mikrobielle Zustande. Viel C-

e

Transport und Wachstum.

Tilocca B. et al. eingereicht 23




mm Mikrobiota Forschung in der Zukunft
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mm Mikrobiota Forschung in der Zukunft

Mukosa-assoziertes Mikrobiom: Schnittstelle zum Wirt

Wiederkauer Broiler - lleum
Digesta Mucosa Digesta Mucosa
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Mao et al. 2015 Sci. Rep.



mm Mikrobiota Forschung in der Zukunft

Verstandniss zur Interaktion

-> innerhalb der Mikrobiota

-> zwischen Mikrobiota und Wirt
-> zwischen Mikrobiota und Futter

zur Unterstutzung des Tierwohis,
Ressourcenschonung (Futtermitteleinsatz),
Klimaschutz, ldentifizierung neuer Enzymfunktionen

,some Important points to remember’
Standardisierung der experimentellen Arbeiten
Betrachtung des Einzeltieres

Kombination der Methoden




Vielen Dank fur ihre Aufmerksamke

Carl Zeiss Stiftung




