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Our Microbiome: A Hot Topic  



PubMed items on «microbiota» 
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microbiota, growing evidences (?) 

Suez J et al.: Nature 2014 Sep 17. [Epub ahead of print] 
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However, most people share: 
 

1. A core microbiota that comprises 

50-100 bacterial species  

2. A core microbiome harboring more 

than 6000 functional gene groups 

Human Gut Bacteriome 
the second genome of the human body 

Zhu,  Protein Cells 2010 



Human Gut Bacteriome 

8 bacterial divisions (superkingdoms) 
95% genes identity 
 
>1100 species 
98% genes identity 
 
>15000 strains  
100% genes identity 

1.5 kg of bacteria, >3.300.000 genes 

Microbiome             Metabolome 
Lozupone et al –Nature 2012                           Qin et al - Nature 2011 



Qin J et al, Nature 2010 

The 
 
Minimal Core  
 
Gut Genome  
 
And  
 
Metagenome 



COMPOSITION OF THE GUT MICROBIOTA: 
MOLECULAR APPROACH 

Eckburg et al, Science 2005 
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THE PYRAMID OF LIFE: human gut microbiota 
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At birth the human body is sterile 

Ambient  Diet 

Vaginal microbiota (mother) 
Skin microbiota 
(mother) 

Fecal microbiota  
(mother)  

Native CORE microbiome  
(4-24 months of life) 



BF 
Bacteroidetes 
>Firmicutes  

EU 
Firmicutes  
>Bacteroidetes 

De Filippo et al, PNAS 2010 



Ottman et al. Functionality of the human microbiota
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FIGURE 1 | Human microbiota: onset and shaping through life stages and
perturbations. The graph provides a global overview of the relative abundance
of key phyla of the human microbiota composition in different stages of life.
Measured by either 16S RNA or metagenomic approaches (DNA). Data

arriving from: Babies breast- and formula-fed (Schwartz et al., 2012), baby solid
food (Koenig et al., 2011), toddler antibiotic treatment (Koenig et al., 2011),
toddler healthy or malnourished (Monira et al., 2011), adult, elderly, and
centenarian healthy (Biagi et al., 2010), and adult obese (Zhang et al., 2009).

foods. Diet-related diseases such as allergies and obesity are also
characterized by microbiota changes. Obesity is characterized by
a typical Firmicutes to Bacteroides ratio. Energy harvest potential
and short chain fatty acids (SCFA) are determined by the micro-
biota composition and have a direct effect on the host epithelial
cell energy availability. A microbiota stimulated with probiotic
microbes can even decrease the incidence of infant diarrhea and
atopic eczema due to host immune stimulation (Niers et al., 2009;
Sjogren et al., 2009).

Numerous meta-omics approaches have vastly increased the
knowledge available on the genome, activity and functionality of
the complex ecosystem residing in the human gut. By far the most
commonly applied technique is metagenomics, which is based on
direct isolation and, in most cases, sequencing of the complete
genetic material obtained from an environmental sample, such as
the intestine. However, one of the biggest drawbacks of this tech-
nique is its inability to display the actual metabolic activity due to
the fact that it detects both expressed and non-expressed genes.
In addition, it may generate information from dead cells as it is
known that more than half of the cells in fecal samples are non-
viable or heavily damaged (Ben-Amor et al., 2005). Instead of
focusing on microbiota composition the purpose of this review is
to combine the available knowledge on microbial genomics with

reports on the functional metagenomics, i.e., transcriptomics and
proteomics approaches. This combination is expected to provide
a refined understanding of the role of the microbiota and its
capabilities in regulating human health.

ROLE OF THE MICROBIOTA IN EARLY AND LATE LIFE
EARLY LIFE
During natural birth, a newborn is exposed to the environmental,
mainly maternal, microbiota which commences the acquisition
of what we assume is a normal microbiota. The mode of deliv-
ery strongly affects the composition of the microbiota. In the case
of caesarean delivery (C-section), other environmental bacteria
form the basis for the microbiota instead of vaginal and faecal
bacteria from the mother, reportedly resulting in a substantial
reduction of bifidobacteria (Biasucci et al., 2008). In a compari-
son of the microbiota of babies delivered either vaginally or via
C-section, it was shown that the newborns harbored undiffer-
entiated bacterial communities across skin, oral, nasopharyngeal,
and gut habitats regardless of delivery mode, and that the micro-
biota of C-section babies was similar to the skin communities of
the mothers whereas vaginally delivered infants acquired bacterial
communities resembling the vaginal microbiota of their mothers
(Dominguez-Bello et al., 2010). Other factors influencing the

Frontiers in Cellular and Infection Microbiology www.frontiersin.org August 2012 | Volume 2 | Article 104 | 2

Ottmann N  et al. Front Cell Infect Microb 2012 

Bacterial diversity is affected by ageing 
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GUT microbiota has a powerful metabolic action 
in ruminants: herbivores derive 70% of their 
energy intake from microbial breakdown of 
dietary plant polysaccharides 
 

HJ Flint et al. Nature Review Microbiol 2008 



Gut Micome 
Candida from commensal to pathogen 

•  Yeasts are commensal to the gut 
at low concentrations 

•  Candida overgrowth is a 
consequence of disturbances in 
the host’s defense systems: 
antibiotic therapy and change in 
physiological gut microbiota, pH, 
partial CO2 pressure, amino acid 
availability, iron deficiency… 

•  Yeast genome can be modified by 
repeated point mutations 
(«microevolution») in order to 
overcome host protective 
measures 

Thewes S, Mol Microbiol 2007 



HOW THE HOST-GUT MICROBIOTA 
BALANCE IS MANTAINED? 

Ø Secretion of :  
Gastric acid 
Mucus 
Biliary salts 
Mucosal Ig 

Ø Mucosal pH  
Ø Mucosal barrier integrity 
Ø Intestinal motility  
Ø Local mucosal and systemic immunity 
Ø Interactions among different bacteria species 
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But…specific effects in each GI tract! 

EFFECTS OF GUT MICROBIOTA ON 
HOST HEALTH 

 

Ø Barrier effect  
Ø Immunocompetence/Tolerance 
Ø Synthesis 

Ø Metabolic/Trophic function 
Ø Drug metabolism 
Ø Behavior conditioning 



Unbalanced DIET: 

High fats
Low fibers
High calories
High meat content
….

WHEN DO THESE MECHANISMS FAIL? 



WHEN DO THESE MECHANISMS FAIL? 

Anti H2-PPI 

Gastric atrophy 

Surgery  

Autoimmune disease 

Aging 

Vascular diseases 

Surgery 

Diverticula/fistula 

Neuromuscolar diseases 

Radiation/Inflammation 

Infectious diseases 

Connective diseases 

Drugs 

Endocrine disorders 

Selective IgA deficit 

HIV 

Immunosenescence 



When these mechanisms fail… 

Quali-quantitative alterations of gastric, small 
bowel and/or colonic microbiota 

 
  Bacterial Overgrowth/Reduction: 

 DYSBIOSIS 

...Gut microbiota associated diseases 

Bacteria or bacterial fragments cause 
inflammation or translocate in circulation 
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[ Undigested complex 
carbohydrate polymers are  
bound to the Bacteroides’ 
surface proteins 
[ Surface localized 
glycohydrolases liberate simple 
sugars from complex sugar 
polymers 
[ Simple sugars are partly used 
by Bacteroides itself, partly are 
absorbed through the intestinal 
villus into the host bloodstream 

Gilmore, Science 2003 

Bacteroides Theta-iota-omicron  
a key for host-microbial interactions understanding 

Sonnenburg JL, Nat Imm 2004 



GUT MICROBIOTA and REGULATION OF 
ENERGY STORAGE 

 
 
 
 

WT mice have 42% more 
total body fat and 47% more 
gonadal fat than germ-free 
(GF) mice 
 

Colonisation of GF mice with 
microbiota from control mice 
produces a 60% increase in 
body fat mass, associated 
with increased insulin 
resistance  

Backhed et al – PNAS 2004 



Ley RE, PNAS 2007 

Microbiota of obese 
mice have a 50% 
reduction in  
Bacteroidetes relative 
to lean mice, and a 
significantly greater 
proportion of 
Firmicutes 



Gut microbiota in obese humans 

Changes in gut microbial ecology 
•  Reduction in Bacteroidetes and proportional increase in Firmicutes 
•  Dramatic fall of overall diversity 
•  Bloom of a single class of Firmicutes: the Mollicutes 

Tilg H, Gatroenterology 2009 

Alteration of metabolic potential 
•  Enrichment for phosphotransferase systems 
•  Enrichment for genes encoding beta-fructosidases  

Consequences 
•  Increased capacity to import “Western-diet”-typical carbohydrates  
•  Increased capacity to metabolize imported sugars  



Ob/ob mice are enriched of genes able to harvest 
calories from complex polysaccharides in respect to 
their lean littermates 
Transplantation of gut 
microbiota from ob/ob mice 
to germ free results in a 
greater increase in adiposity 
in the recipients than does a 
transplantation of 
microbiota from lean donors 

Tumbaugh et al, Nature 2006 



Microbiota transmit adiposity phenotype 

Ridaura et al. Science 2013 
Walker AW et al. Science 2013 

TRANSFERRED INTO THE 
INTESTINES 
OF GERM-FREE MICE  
(Ob) twin + mice = éadiposity  
(Ln) twin + mice = ê adiposity  
 

Fecal microbiota from 4 human female twin pairs discordant for obesity 

COHOUSING 
(Ob) twin transplanted mice + (Ln) 
twin transplanted mice =  
(Ob) mice became LEAN 
(Ln) mice remain LEAN 

TRANSMISSIBILITY  
OF INTESTINAL MICROBES  

AND ADIPOSITY PHENOTYPE  
ARE TIGHTLY LINKED 
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Ø 22 species of bacteria from 
the phyla Bacteroidetes , 
Firmicutes and Actinobacteria 

Ø 4 OTUs from the order 
Clostridiales 

Zupancic   
PloS ONE 2012 

Positive and negative correlations 
with BMI, triglycerides, HDL 
cholesterol, total cholesterol, fasting 
glucose levels, CRP 



GUT MICROBIOTA  in TYPE 2 DIABETES 

v Case-control metagenome-wide association study (MGWAS) 
v Faecal DNA samples from 345 Chinese T2D patients and nondiabetic controls 

Qin – Nature 2012 

Butyrate-producing bacteria 
 (E. rectale, F. prausnitzii, etc.) 
 
 
Opportunistic pathogens  
(C. hathewayi, C. ramosum, E. coli) 
 
 
 Mucin degrading species  
Sulphate-reducing species 

T2D vs Controls 



Diamant M et al., Ob Rev 2010 

The “Second Meal” effect 



Cani et al, Pharm Ther 2010 
Miele and Gasbarrini, Hepatology 2009 

Scarpellini and Gasbarrini, Am J Gastro 2010 

GUT HYPERPERMEABILITY LEADS TO 
METABOLIC ENDOTOXEMIA 



Balfour S, Gastroenterology 2008 

LPS and inflammatory cascade 



Immune  cells 

LPS 

Liver Muscle Adipose tissue 

Increase mRNA expression of: 
•  IL1      
•  IL6    
•  Tumour Necrosis Factor alpha   
•  Plasminogen Activator Inhibitor-1 

CD14 

Metabolic effects 





Ley RE et al, Science 2008 

herbivore 

omnivore 
carnivore 

alcune considerazioni 
•  lo scenario è certamente complesso 
•  certamente esistono influenze 

reciproche, ma è difficile stimarle 
• grandi quantità di dati permette alta 

potenza statistica 
•  reale ruolo deve essere confermato 



Ley RE et al, Science 2008 

herbivore 

omnivore 
carnivore 

alcune considerazioni 

•  l’approccio deve essere da 
astronomo, non da astrologo 


