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Tutte le malattie hanno origine nell’intestino…

Ippocrate 460 a.C. – 377 a.C.



Il microbiota



Il microbiota



Human gut microbiota is:

• a complex community of 100 trillion archaeal

and bacterial cells

• Composed by more than 1,000 bacterial species

• Composed by more than 90% from Firmicutes

and Bacteroidetes.

• distinct and highly variable from person to

person

• common among individuals (the core gut

microbiota and the core microbiome)

• required for the correct functioning of the gut.

Il microbiota intestinale



Microbial biomass

102-3 cells/ml

103-4 cells/ml

104-5 cells/ml

108 cells/ml

1011 cells/ml

pH gradient

Stomach 1.5-5

Duodenum 5-7

Jejunum 7-9

Ileum 7-8

Colon 5-7

Il microbiota intestinale





Fattori che influenzano la composizione del microbiota intestinale

Composizione del 
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Sviluppo del Microbiota



MODALITA’ DI PARTO



ALLATTAMENTO



ORIGINE GEOGRAFICA

BURKINA FASO EUROPA



Il microbiota nelle diverse fasi della vita



IL RUOLO DEL MICROBIOTA NELLA SALUTE



IL RUOLO DEL MICROBIOTA NELLA SALUTE
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IL RUOLO DEL MICROBIOTA NELL’IMMUNITA’





The 'leaky gut' hypothesis



HOMEOSTASIS DYSFUNCTION DISEASEHEALTH

•Vitamin production

•Resistance to 
infection

•Immune system
stimulation

•Organ vitality

•Healthy ageing

•Cystic fibrosis

•Fatty Liver Diseases 
(NAFLD and NASH)

•Juvenile idiopathic 
arthritis

•Obesity

•Early Inflammatory 
bowel diseases (IBD)

•MDR infection

•Allergy

•Dermatitis

Gut microbiota symbiosis and  dysbiosis



IL RUOLO DEL MICROBIOTA NELLE MALATTIE
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DISBIOSI

• Fattori genetici che possono alterare la barriera intestinale

• Crescita smisurata di batteri patogeni

• Traslocazione di batteri o prodotti batterici

• Attivazione immunitaria produzione di citochine pro-infiammatorie

• Infiammazione cronica che porta alla distruzione dei tessuti

• Leaky-gut



PATOLOGIE CORRELATE AL MICROBIOTA





Gut microbiota and obesity: what is the link?

SCFA 

fermentation

BCFA metabolism

Bile acid microbial 

transformation



Oltre i batteri…..



Disegno dello studio

Ipotesi dello studio

Studio longitudinale

cambiamenti nel microbiota 

(trattamenti farmacologici, stati di 

malattia)

Studio trasversale (cross sectional) 

correlazione microbiota fenotipi clinici 

(relazione tra microbiota e patologie)



Scelta del campione



Metodi di indagine del microbiota



Metodi di indagine del microbiota

tecniche standard di microbiologia 





Metodi di indagine del microbiota

Tecnologie «OMICHE»



NGS sequencing



Culture-indipendent DNA-based methods



Experimental design
Targeted-

metagenomics
Whole 

genomics

Sample type
Human 

microbiota
Soil

Single 

microorganism
Water

Nucleic acid extraction Automated Manual

Technological platforms
HiSeq / 

MiSeq
Ion PGM /

Ion Proton
454 pyrosequencing PacBio

Data analysis
Sequence 

assembly
Statistical 

analysis
Denoising

Gene 

annotation

Food

Next generation sequencing



Il DNA è un ottimo strumento per la tassonomia

Le sequenze di DNA hanno numerosi vantaggi 

rispetto ai caratteri morfologici:

- Marcatori possono essere determinati in modo non 

ambiguo (variazioni di sequenza)

- Il DNA codificante per l’RNA ribosomale batterico 

è il miglior marcatore batterico



Estrazione del DNA

• quantità sufficiente

• alta qualità 

• contenere una rappresentazione fedele della comunità 

microbica presente nel campione. 

Requisiti 

fondamentali:

L’estrazione del DNA da campione fecale può risultare una

procedura complessa a causa dell’elevata presenza

di DNA proveniente da altre matrici come cellule umane e cibo, e da latri 

contaminanti come i metaboliti cellulari.



Metagenomica

Analisi delle comunità microbiche mediante metodi indipendenti dalla cultura microbica 



Metagenomica 16S-rRNA-based



Metagenomica Shotgun



Metagenomica 16S-rRNA-based Metagenomica Shotgun



Single strand fragments

Emulsion DNA positive beadsBead ligation Clonal amplification

454-PYROSEQUENCING



PicoTiterPlate loading

sequencing

454-PYROSEQUENCING



Illumina



Illumina



Bioinformatic methods for metagenomics



Evaluation of Reads Quality



# Onces we have «cleaned» sequences we have to:

1) Clusterize in OTUs:  Operational Taxonomic Unit is an operational definition to clusterize metagenomic 

sequences. Cause most part of microorganisms are not cultivable, we compare each reads obtained to each 

other and all the reads that have a similarity level higher than a preset threshold (generally 97%) are clusterized 

togheter.

2) After that we chose a representative sequence for each OTUs and that will be alligned to a reference dataset 

to get the taxonomical classification of that OTU

Databases



Taxonomy: Is the science of defining and naming groups of biological organisms on the base of their shared 

characteristics

Carl Linnaeus (1707 –1778)

Phylum

Class

Order

Family

Genus

Species



# Several informatic pipelines have been developed to analyse metagenomics data

Each one with different features → New discoveries in the field are often integrated within these pipelines

Some of them are useful just in some passage of metagenomic analysis while other contains most of the 

principles steps of analysis

Mothur



Ecology

It describes the existing biodiviersity within a same area

: It describes the differences among different area

These ecological indices are now used even in metagenomic study to describe the microbial community living within human gut.

Indeed we can consider the human gut as an ecological area where different species of microorganisms are living togheter.

Thus, taken two groups of samples (such as patients and control group) we can use both indices to describe how is the variability

within a same group (alpha-diversity) and between the two groups (beta-diversity)



Mass Spectrometry

 Different compounds can be 

uniquely identified by their mass

 For small organic molecules the 

MW can be determined to within 1 

ppm or 0.0001% which is 

sufficiently accurate to confirm the 

molecular formula from mass 

alone

 For large biomolecules the MW 

can be routinely determined 

within an accuracy of 0.002% (i.e. 

within 1 Da for a 40 kD protein)



From Proteomic to Metaproteomic



Metabolomics

Metabolomics has been defined as the identification and quantification of all

metabolites (chemical fingerprints given by specific cellular processes) in a

biological system.

Metabolome refers to the complete set of small-molecules, metabolites (such as

metabolic intermediates, hormones and other signaling molecules, and secondary

metabolites) to be found within a biological sample, such as a single organism.



Diet and caring (i.e probiotic consumption,
antibiotic treatments, etc) has a key role in
the gut microbiota modulation and shaping

Foods or their ingredients and “drugs” play a
crucial role in microbe selection and in a
metabolic signaling network construction

Vernocchi et al., 2012. Front Cell Infect Microbiol. 2012;2:156

The chemical dialogue via low molecular weight 
metabolites, peptides, and proteins between 

cell-cell and host-microbes leads to the 
metabolite production

which may influence host healthy status 
………and possibly represent disease 

biomarkers. 

Host-microbiome metabolic interaction and cell-cell 
communication



Technological platforms

GC-MS

1H-NMR

LC-MS

Data analysis Statistical approach

GC-MS chromatogram

1H-NMR spectrum

LC-MS spectrum

PCA

Heat map

Scatter plot

ANOVA 

Sample 
collection: blood, 

plasma, 
faeces, urine and 

saliva

METABOLOMICS

Del Chierico, Gnani, Vernocchi et al., 2014. Meta-omic platforms to assist in the understanding of 

NAFLD gut microbiota alterations: tools and applications. Int J Mol Sci. 2014 Jan 7;15(1):684-711 

http://groningen.bio.ucalgary.ca/bio/img/700.jpg
http://groningen.bio.ucalgary.ca/bio/img/700.jpg


INTEGRATED APPROACH: DEVELOPMENT OF ORIGINAL PIPELINES

Nano-LC chromatogram

METAPROTEOMICS

peptides protein 

MS and MS2 spectra

METAGENOMICS METABOLOMICS

Del Chierico F, Vernocchi P, et al. Early-life gut microbiota under physiological and pathological conditions: the central

role of combined meta-omics-based approaches. J Proteomics. 2012 Aug 3;75(15):4580-7.



DATA ANALYSIS



•Description of microbiota charts in physiological condition

•Description of microbiota charts in pathological condition

•Discovery of microbial biomarker in different diseases

•Discovery of molecular biomarker in different diseases

•Discovery of the interplay between human and microbes

•how do microbial communities work and how are stable 

WHY WE STUDY THE MICROBIOTA BY SYSTEMS BIOLOGY APPROACH?



FECAL MICROBIOTA TRANSPLANTATION (FMT)

FMT è un trattamento medico non farmacologico in fase sperimentale

Lo scopo di questa innovativa terapia è quello di ripristinare l'ecologia microbica e l'omeostasi 

del colon, reintroducendo un microbiota umano «sano» derivante dalle feci di un donatore, in 

un paziente affetto da patologie associate con l’alterazione della flora batterica intestinale



PROCEDURA

Screening infettivologico del donatore 

Produzione della mappa del microbiota del donatore

Raccolta di feci del donatore

Emulsione feci del donatore in soluzione fisiologica

Filtrazione della emulsione per eliminare detriti macroscopici

Introduzione per via rettale in sede endoscopica nel paziente ricevente

Valutazione clinica dell’effetto benefico sul ricevente in follow-up

Valutazione del ripristino del microbiota «sano» nel ricevente mediante mappe del microbiota in follow-up

Valutazione per un successivo FMT


