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Introduction 
 
Human intestine is a complex ecosystem maintained by interactions of numerous species of microbiota, 
human organism and the ingested substrates. It’s estimated that number of bacterial cells colonizing 
human intestine exceeds the number of human cells in the rest of the body. Between 10 to 100 trillion of 
bacteria existing inside the intestine belong to 10 phyla and at least 15000 recognized species. Two phyla 
dominate numerically intestinal microbiome: Firmicutes and Bacteroides (3). 
 
Phages and viruses serve as predators of intestinal ecosystem. They are important in interspecies gene 
transfer. Such gene transfer has been documented in many in-vitro systems and may be responsible for 
development of new traits including antibiotic resistance, or change in immunological properties of 
bacterial proteins (1,2).  
 
Human intestine is also a host to Archaea, newly discovered kingdom of organisms known to inhabit 
thermal vents at the bottom of the sea, or hot volcanic springs. Methanobrevibacter smithii is a dominant 
species of Archaea in human intestine (1,2). 
 
Recent progress in understanding of intestinal microbiome is associated with development of ribosomal 
RNA (SSU rRNA; 16S rRNA) sequencing in Bacteria and Archaea. Importance of this technology stems 
from the fact that majority of intestinal microbiota is cannot survive in-vitro. Sequencing of ribosomal 
RNA allows classification and study of bacteria without isolating them in culture (1).  
 
In healthy individuals composition of intestinal bacteria is also remarkably stable through the lifespan. In 
particular there are only minor changes in bacterial composition from the time of weaning from breast 
milk till adulthood. Intestinal flora tends to return to homeostatic balance after disturbance. 
Environmental factors such as exposure to antibiotics, change in diet or surgery can affect composition of 
bowel flora, but after disturbance is removed composition of bacterial species returns to baseline within 6-
52 weeks (1,2). Intestinal microbiome is adaptable in a sense that expression of bacterial genes and 
activity of metabolic pathways is influenced by host developmental stage, nutrient availability and 
presence of other microbial species (2). 
 
In contrast to stability of individual’s flora there is significant variation in the composition of bacterial 
flora between the individuals (1,2).   
 
Intestinal microbiome has enzymatic capabilities that are not encoded in human or animal genome. This 
allows organism access to extended array of biochemical pathways which depend on microbial genetic 
make up. Metagenomic analysis focuses on all biochemical pathways which are active in given ecosystem 
with an understanding that different organisms have capacity to perform only limited number of chemical 
reactions (Figure 1). Some pathways can be redundant with many species performing same chemical 
reactions frequently competing for limited resources. Some pathways will be available only to few 
species frequently making otherwise unavailable substrates enter circulation within ecosystem. From 
metagenomic perspective intestinal microbiome is a system of biochemical reactions in which human and 
bacteria complement each other. 
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Figure 1. Concept of meta-genomic complementary metabolic pathways in ecosystem consisting of 
human and intestinal microbiota. From biochemical perspective humans are nearly identical. Many 
metabolic pathways are common when microbioms of different individuals are compared. Frequently 
different organisms may participate in different aspects of the same metabolic pathway. In general 
diversity of microbial metabolic pathways greatly exceeds differences between individual humans.  
 
Within intestinal ecosystem multiple human/bacteria and bacteria/bacteria relationships have been 
described. These relationships span all known interspecies relationships ranging from pathogenic to 
commensal and mutualistic.  
 
Intestinal microbiome and energy metabolism – animal studies 
 
Germ free mice model provides opportunity to study energy metabolism in absence of intestinal bacteria. 
In comparison with conventionally raised mice, germ free mice have approximately 40% lower weight. 
This discrepancy is not related to a difference in food intake or in resting energy expenditure. Germ free 
mice will achieve normal body weight once it’s transferred to normal (non-sterile) environment and 
becomes colonized by intestinal microbiota. Based on this experiment researcher hypothesized that 
intestinal microbiota may increase bioavailability of some dietary substrates. Indeed further studies 
showed increased uptake of dietary monosaccharides. Interestingly intestinal microbiota also increase 
insulin resistance, increase hepatic lipid production, change bile acid composition and increase integrity 
of intestinal epithelium. These metabolic and endocrine changes result in increased deposition of body fat. 
Mechanism of these changes is not yet fully understood (10). 
 
Fasting-induced adipose factor (Fiaf) is one of the mediators linking intestinal flora with adipose tissue. 
Germ-free mice have increased levels of circulating Fiaf. Fiaf inhibits endothelial lipoprotein lipase which 
is responsible for releasing triglycerides from circulating chylomicrons and VLDL. Consequently less 
triglyceride is available for deposition in adipose tissue (Figure 2). Colonization of germ-free mice by 
conventional intestinal flora leads to suppression of Fiaf through yet unknown mechanism. Subsequently 
transfer of triglycerides from chylomicrons and VLDL into adipose tissue increases (Figure 3). 
Confirmation of Fiaf hypothesis comes from similar experiments on Fiaf knockout mice (Fiaf -/-). In this 
model germ-free Fiaf -/- mice had weigh not different from conventionally raised mice. This suggests that 
effect of intestinal bacteria on deposition of fat is mediated by Fiaf (Figure 4). 
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Figure 2. Germ free mice has high levels of Fiaf (Fasting-induced adipose factor). Fiaf acts as an 
inhibitor to LPL (lipoprotein lipase) and decreases uptake of TG (tigliceride) by adipocyte.  
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Figure 3.  Colonization of intestine decreases levels of Fiaf and leads to activation of LPL and transfer of 

triglycerides to adipose tissue. 
 
 
Adenosine monophosphate-activated protein kinase (AMPK) is activated as intracellular molecular 
mediator of metabolic stress. AMPK is up regulated in times of metabolic stress it increases energy 
utilization and decreases energy storage. AMPK increases beta oxidation of fatty acids leading to 
depletion of fat and glycogen stores. AMPK activity is increased in a germ-free mouse which leads to 
decreased fat deposition despite of normal caloric intake. The mechanism of AMPK activation in germ 
free environment is yet unknown . 
 
Humans have limited gene repertoire for digestion and absorption of complex carbohydrates. Bacteria are 
able to metabolize complex carbohydrates and produce short chain fatty acids (SCFA) such as acetate, 
propionate and butyrate. Short chain fatty acids can be easily absorbed by diffusion and contribute to 
increased caloric yield of food. SCFA can bind to G-protein coupled receptor (Gpr41/42), this molecule 
up regulates secretion of peptide YY (PYY). PYY slows down motility of GI tract and enhances 
absorption of SCFA. Increased energy harvest leads to positive energy balance and over time result in 
obesity (Figure 4). SCFA which are produced by intestinal microbiota can have effect brain-gut neural 
communication . 
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Figure 4. Germ free Fiaf -/- mice gain weight at similar rate as conventionally raised mice. 
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Figure 5. Short chain fatty acids are produced by intestinal bacteria. Poorly absorbable complex 
carbohydrates serve as substrates. Additionally they interact with Gpr 41/42 protein and affect PYY 
secretion. 
 
Insight into nature of individual variation in energy harvest is provided by co-colonization studies. Germ 
free mice model allows colonization of mice with selected species of microbes. This allows study of 
contribution of species of microbes to energy harvest from the diet. Some bacterial species collaborate to 
increase energy harvest. For example M. smithi and B. Thetaiotaomicron harvest more energy from 
standard diet when animal is colonized with combination of these two than when each species colonizes 
animal separately. Addition of Arhaea to most of bacterial colonization models increases efficiency of 
fermentation by removal of H2 (3). 
 
Interactions between organism, diet and microbiota can result in alteration of energy harvest. Genetically 
obese ob/ob mice have homozygous mutation of leptin gene and as result they have increased caloric 
intake. Interestingly ob/ob mice bowel flora is different from that of wild type or heterozygote ob/+ mice. 
Ob/ob mice have increased population of Firmicutes and Arhaea. Bowel flora of ob/ob mice has 
increased capacity to break polysaccharides, increased CCFA production and increased fermentation 
efficiency. As consequence energy harvest in ob/ob mice from standard diet may be up to 50% higher 
than in wild type mice.  Transmission of bowel flora from ob/ob mice into germ free mice increases body 
mass and body fat.  This effect exceeds weight gain and body fat in germ free mice colonized with bowel 
flora of wild type mice. In conclusion microbiota of ob/ob mice contribute to excessive weight gain by 
increasing energy harvest .  
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Diet alone may have impact on energy harvest. Mice fed high fat high sugar diet (meant to simulate 
“western diet”) expanded Mollicutes population at the expense of Bacteroides. Change in composition of 
microbiota results in increased energy harvest. Increase in efficiency of fermentation of fructose and N-
acetyl-galactosides appear to be mechanism of enhanced energy harvest .   
 
Of course intestinal microbiota are not the only, not even main cause of obesity. After all germ free ob/ob 
mice are still obese, and germ free mice can become obese on high fat diet.  
 
Intestinal microbiome and energy metabolism – human data. 
 
Bacterial flora is mostly inherited from the mother, though there is some transmission of bacteria between 
family members. Tis hypothesis is supported by the evidence that there is no significant difference in 
composition of bowel flora between monozygotic and dizygotic tweens. Impact of maternally inherited 
flora on development of human obesity has been postulated. Effect of microbiota may be partially 
responsible for increased rate of obesity in children born via cesarean section.  
 
Role of microbiota in increasing energy harvest have been demonstrated in humans. Obesity correlates 
with lower levels of Bacteroides and higher levels of Actinobacteria. Metagenomic analysis of microbiota 
shows overexpression of genes responsible for carbohydrate processing in obese subjects. 
Bacteroides/Firmicutes ratio has been postulated to be a factor in development of the obesity. Weight loss 
and persistent use of low calorie diet results in changes in bacterial composition, but metabolic 
significance of that is unknown.  
Some skepticism is warranted regarding impact of microbiota on obesity in humans as recent analysis of 
stool microbiomes from large metagenomic samples sets found no association between BMI and 
taxonomic microbiome composition. In this analysis the Bacteroidetes to Firmicutes ratio was not 
associated with obesity or BMI and gut microbiome community diversity was not associated with BMI. 

Obesity and Inflammation. 
 
Bacterial lipo-polysacharides (LPS) are known to induce inflammatory responses. These responses are 
mediated through CD14 molecule which serves as LPS receptor. Intestinal flora is a main source of 
circulating LPS. Changes in bowel flora can affect LPS levels. In mice after 4 weeks of high fat diet LPS 
levels increase in proportion to the number of LPS producing bacteria in the intestine. I humans even 3 
days of high fat diet can result in increase in LPS levels. Antibiotics reduce LPS levels in mice fed high 
fat diet. In this animal model antibiotics reduced markers of inflammation and improved intestinal 
permeability. Antibiotics also improved glucose intolerance, reduced weight gain, and decreased visceral 
adipose tissue.  
 
Role of LPS in human disease is suggested by observation that patients with short gut and documented 
intestinal bacterial overgrowth LPS levels are elevated. In this patient group LPS level correlates with the 
severity of TPN related liver disease. There is increasing support for the role of intestinal microbiota in 
development of inflammatory response in obesity. 
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Intestinal flora and complications of obesity 
 
Intestinal bacteria seem to influence several factors leading to development of non-alcoholic 
steatohepatitis in humans. Fatty acid synthesis, insulin resistance, C- reactive protein levels and VLDL 
production have been correlated with changes in bowel flora. Short chain fatty acids generated by 
microbiota acting through GPR43 receptor are one of the main mechanisms implicated in improvement in 
insulin mediated fat deposition . Similarly risk factors for cardiovascular disease have been correlated 
with probiotics and composition of intestinal flora.  
 
Composition of microbiota have been correlated with insulin resistance and increased HOMA index. 
 
Probiotics 
 
Several species of bacteria, particularly species performing lactic fermentation are considered beneficial 
for gastrointestinal health. These species are widely used in fermentation based food preservation such as 
yoghurt and cheese making, production of pickled food etc. Despite of their wide spread use health 
benefits are not yet clear in management of obesity.  
 
Several species of bacteria shown promise to have beneficial effect on processes implicated in 
pathophysiology of obesity in animal models.  Supplementation of Bifidobacteria in mice led to lower 
lipo-polysaccharide levels. Bifidobacteria increase de-conjugation of bile acids leading to depletion of 
bile acid pool and decrease in the cholesterol levels as cholesterol is a substrate in bile acid production. 
Probiotics seem to improve insulin sensitivity and fatty acid oxidation. Lactobacillus paracasei reduced 
effects of high fat diet in rats . Similar effect was shown for Agaricus blazei in rats. Modification of 
microbial composition of GI tract showed protective effect on obesity associated with “western” (high fat, 
high carbohydrate) diet in mice . Again, the impact of pro-biotics is not settled even in animal studies as 
probiotics however did not affect obesity in several other studies.  
 
Pre-biotics are defined as dietary supplements (poorly absorbable oligosaccharides) able to influence 
intestinal environment and change composition of bacterial flora. For instance fructo-oligosaccharides fed 
to mice had increased number of Bifidobacteria. Metabolic effects of pre-biotics were similar to that of 
Bifidobacteria supplementation. 
 
There is no conclusive data on the effects probiotics in human obesity.  
 
Questions surrounding the role of the microbiota in obesity. 
 
Intestinal microbiota are relatively new subject in the study of obesity. There are multiple methodological 
questions regarding testing and analyzing intestinal microbiota. New insights bring however several 
intriguing questions which may be resolved by future research.  
 
Energy harvest which depends on composition of bacterial flora put into question current evaluation of 
caloric value of food. According to models incorporating metagenomic concepts caloric value of food can 
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change from individual to individual as energy harvest depends on composition of bowel flora. 
 
It is clear that host related factors and diet can affect microbiota and microbiota can affect host in return. 
Although animal studies elucidated several potential mechanisms involved we know very little about of 
these interactions in humans. It is not clear if obesity and high calorie diet lead to adverse changes in 
bowel flora or if individual variation in bowel flora predisposes to development of obesity. The research 
is in its early stages and should not be over-interpreted into clinical recommendations. 
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