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General introduction 

For centuries, bacteria have been perceived as pathogenic organisms. Only in the last 

decades it has been recognized and accepted that all external human body surfaces have a 

natural resident microbiota (Figure 1)(1). Because of cell turnover, all human surfaces are 

coated with dead and desquamating cells, which provide an excellent nutrient source. In 

addition, body fluids and foods, which pass the human body via the mouth and intestine, 

supply the microorganisms with nutrients. With few exceptions (e.g. the stomach), the 

communities consist of large numbers of microbes and have a rather complex composition. 

This complexity of microbial communities found at many body sites is truly astounding; it has 

been estimated that the human body carries around 1000 different microbial taxa with 1013 

to 1014 microorganisms in total, of which the collective genome (“microbiome”) contains 

more than 150 times as many genes as the human genome (2).  

 

Figure 1 Microbial communities inhabiting various sites of the human body   
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The majority of microbes resides in the gut, especially the colon. In that respect it is 

not surprising that the human gut microbiota, which represents the major part of the human 

microbiome, is often referred to as the “forgotten organ” (3). However, most of these 

microorganisms have not been cultivated yet. Nevertheless, modern molecular approaches 

may enable us to detect their presence, their role in health and disease and to gain insight 

into their physiological traits. This human-microbe interaction is now often referred to as 

symbiotic.    

The indigenous microbiota of the gastrointestinal tract 

The importance of the gastrointestinal tract (GIT) and its microbial inhabitants for 

health has now been widely recognized. The intestinal mucosa is the largest interface 

between the human internal milieu and the outside world. It has been estimated that it 

covers an area of about 1000 m2 (1).  

Under normal circumstances, the GIT of a foetus is sterile. During the birth process and 

rapidly thereafter, microbes from the mother and the surrounding environment colonize the 

GIT of the infant, until a dense, complex bacterial community is established (4, 5). The first 

colonizers in humans are members of the taxa Enterobacteriaceae and Lactobacillales. The 

Enterobacteriaceae consume the oxygen present and thus decrease the redox potential in 

the intestine. It has been estimated that in newborns the redox potential is reduced within 

two days from 178 mV to -113 mV. In later life the redox potential ranges from – 200 mV to - 

300 mV (6). Due to the decrease of oxygen tension strictly anaerobic microbes increase in 

numbers. Breast-fed full term infants show a faecal bacterial composition, in which 

bifidobacteria predominate over potentially harmful bacteria, whereas in formula fed infants 

coliforms, enterococci, and bacteroidetes predominate (7). The process of colonisation is 
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greatly influenced by the successive shifts from exclusive breast-feeding to partial and full 

substitution of breast milk by formula feeding and finally to the introduction of solid food 

(8). Bacterial successions in infants have been widely documented, but there are relatively 

few studies on the changes in the microbiota during the aging process (7, 9-12). 

A key problem in determining the composition of the human microbiota of the GIT is 

obtaining samples for analysis. Ethical and technical limitations do not allow sampling at all 

sites of the GIT. Hence, faecal samples are widely used for the determination of the colonic 

microbiota, as the composition of the microbiota of faecal samples and the distal colon 

resemble each other. Analysis of the microbial communities colonising the human GIT by 

culture and molecular techniques revealed a rather complex microbiota, with an estimated 

500 different phylotypes present (13). Of the used methods, those sequencing the full-

lenght of the 16S rDNA gene through PCR and cloning provide the most powerful taxonomic 

resolution (14). However, studies which used the conventional Sanger sequencing method 

have been forced to use rather small sample sizes due to its cost and labor input. Thus, only 

dominant members of the microbial communities have been described, leaving major parts 

of the diverse microbiota undetected (15).  

Recent advances in sequencing technology, such as the 454 pyrosequencing approach, 

are changing our way to study microbial communities. First results of the MetaHit 

Consortium (http://www.metahit.eu), a project supported by the European Commission 

within the 7th FP program, indicate that the entire cohort of 124 European individuals 

harboured between 1,000 and 1,150 bacterial species and each individual at least 160 

different species (Table 1)(2).  

http://www.metahit.eu/�
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While large studies using deep sequencing methods have revealed a greater diversity 

of the human microbiota than previously estimated, even these studies have proved 

insufficient to fully understand these communities (16-19). 

Though, even if the molecular approach became very popular, it is still important to try 

to cultivate the hitherto unculturable microorganisms. Culturing and characterisation alone 

allow for a better understanding of the physiological capabilities of the bacteria and their 

role in the human–microbe interactions. Over the last decade, several new genera and 

species from the human gut were newly isolated (20-22, 22, 23).   

The human gut microbiota represents an enormous metabolic potential, which is by 

far greater than that of the human body. The metabolism of the gut microbiota is essential 

to the biochemical activity of the human body, resulting in the generation of absorbable 

products, the detoxification of compounds and production of vitamins and other beneficial 

nutrients (24). Hence, humans can be seen as superorganisms, whose metabolism 

represents the combination of both microbial and human features (25).  

The gut microbiota also regulates many aspects of innate and acquired immunity, 

protecting the host from pathogen invasion and chronic inflammation. In contrast, 

imbalances in the composition of the gut microbiota have been associated with susceptibility 

to infections, immune disorders, and recently with insulin resistance and body weight gain 

(26, 27).  
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Table 1  Major groups of microorganisms isolated from human faecal samples 

 
Domain Phylum Order Genus 
Eukarya Ascomycota Saccharomycetales       - Candida 
Archaea Euryarchaeota Methanobacteriales - Methanobrevibacter 

- Methanosphaera 
Bacteria Firmicutes Clostridiales - Anaerostipes  

- Clostridium 
- Eubacterium 
- Ruminococcus 
- Roseburia 
- Dorea 
- Blautia 
- Faecalibacterium 

  Bacillales - Staphylococcus 
  Lactobacillales - Streptococcus 

- Lactococcus 
- Lactobacillus 

 Bacteroidetes Bacteroidales - Bacteroides 
- Prevotella 
- Porphyromonas 
- Alistipes 

 Proteobacteria Enterobacteriales - Escherichia 
- Klebsiella 
- Proteus 

 Fusobacteria Fusobacteriales          Fusobacterium 
 Verrucomicrobia Verrucomicrobiales        -  Akkermannsia 
 Actinobacteria Bifidobacteriales       -  Bifidobacterium 
  Coriobacteriales - Coriobacterium 

- Atopobium 
- Collinsella 
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Microbiota and maturation 

 
The presence of an autochthonous intestinal microbiota in infancy is critical for numerous 

physiologic processes including growth, angiogenesis, optimisation of nutrition, and 

stimulation of various arms of the innate and adaptive immune system (28-30). Thus, a 

dynamic balance exists between the gastrointestinal bacterial community, host physiology, 

and diet, all of which influence the initial acquisition, developmental succession, and 

eventual stability of the gut ecosystem. The microbial colonization process of human body 

habitats begins at birth, when the baby leaves the uterus. The initial microbial 

communities are assembled from organisms in the immediate surroundings: for vaginally 

delivered infants, the mother’s vagina is a major source of the initial colonising bacteria, 

and for those born by caesarean section, the hands that touch the baby are a dominant 

source (31).  Since the pioneering study of Tissier in 1900 (32), several studies have 

described the bacterial succession in this system based on analysis of the microbiota in 

infants’ stools (Figure 2)(7, 8, 12, 33-38). Gut communities start with low phylogenetic and 

species richness, which increases over time (5). Time in this context reflects the rate of 

encounters with new bacteria, the increasing size of the gut or the proliferation of 

ecological niches that can promote diversity. The introduction of solid foods alters the 

relative proportion of bacterial phyla in the gut and is followed by the establishment of an 

adult-like microbiota with greater stability and characterized by a full suite of functions. 

Thus, infancy is a period of rapid colonisation by microbial consortia that can shift in 

response to events such as illness or changes in diet.  
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Figure 2  Culture dependent perspective of the bacterial succession in the gut (12) 

 

In full-term vaginally delivered infants, colonization starts immediately after delivery, 

and enterobacteria and enterococci appear in faeces. The composition of the gut microbiota 

is profoundly influenced by the diet of the infant. Thus, in breast fed children prior to 

weaning, the faecal microbiota is dominated by species of the genus Bifidobacterium, which 

belongs to the phylum Actinobacteria. With age the number of bifidobacteria declines in the 

human body (4). They constitute about 90% of the infant’s intestinal bacteria. When breast-

fed infants' diets are changed to formulas based on cow’s milk and solid food, bifidobacteria 

are joined by rising numbers of other bacteria found in the human body, such as Bacteroides 

spp., Enterococcus spp. and Lactobacillus spp. (39, 40). Lower numbers of bifidobacteria are 

found in formula-fed babies, which might account for a higher risk of diarrhoea, atopy and 

asthma. The prevalence of these diseases may be higher in babies, who are not breast-fed 

(41, 42). However, this assumption remains controversial, as several longitudal studies show 
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inconsistent results (43-45). But as bifidobacteria produce lactic acid instead of gas as a 

metabolic endproduct, people in general and particularly infants with a higher proportion of 

bifidobacteria tend to have less gas and digestive problems. In the very young, differences in 

the composition of the microbiota are a consequence of many factors, including an 

immature immune system, hospitalisation and nutrition.  

Contributions to our knowledge on the composition of the paediatric microbiota have 

been gained by studies on the development of the intestinal microbiota in hospitalised pre-

term infants in comparison to breast-fed full-term infants and during infancy. It is evident 

that the gut microbiota shows both a general and a host-specific pattern of maturation, 

which is most profound within the first year of life (8) and which depends on the 

environment of the host (46).  

In contrast to children, whose intestinal microbiota is dominated by the phylum 

Actinobacteria, the adult microbiota is dominated by the phyla Firmicutes and Bacteroidetes 

(9). Major changes of the gut microbiota due to age are mainly seen within the last decades 

(more than 60 yrs) of life (46). It remains to be determined, whether these shifts reflect 

changes in the body itself, such as an altered mucosal innate immunity, or if it is an indirect 

consequence of different nutritional habits. However, adequate knowledge on the types of 

microorganisms as well as the events that influence the timing and process of colonisation, 

may provide opportunities to modulate the microbiota when necessary and thus, to 

enhance its function and benefit to the human host.  
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Microbiota and the immune system 

 

The intestinal immune system is separated from the vast luminal microbiota by as little as a 

single epithelial layer. Gut lymphocytes furthermore undergo critical developmental 

transitions after encountering intestinal antigens in local lymphoid structures such as the 

Peyer’s patches (47, 48). Gut microorganisms are known to interact with the host immune 

system, to prime it and maintain homeostasis (49, 50). A key immunoregulatory property 

of gut bacteria is their ability to vary their surface properties; one example is the synthesis 

of certain polysaccharides that induce an immune response (51, 52).  

Studies in germ-free mice have indicated that gut bacteria influence the maturation 

and function of several components of the mucosal immune system. Furthermore, 

comparisons of germ-free and colonised mice have revealed that microbes drive the 

production of mucosal immunoglobulin A (53) through the involvement of dendritic cells 

(54).  The majority of IgA is thought to be relatively unselective, because it binds with 

epitopes that are widely shared among gut bacteria (55). IgA is generally thought to limit 

microbial penetration into the mucosa, and it can trigger bacterial agglutination in the 

mucus, enhancing clearance via peristalsis (56, 57). In addition to IgA, the host produces 

antimicrobial proteins (e.g. defensins, cathelicidins, and C-type lectins) in all epithelial cell 

lineages (56, 58). Many are expressed constitutively (59). Others (e.g. C-type lectins) are 

triggered by the presence of bacteria (60). These compounds vary in their killing selectivity 

(29, 61). Naturally occurring levels of antimicrobial peptides are far lower in the lumen than 

in the mucosa (56), so their impact on microbial populations in the lumen is uncertain. 

 



 

15 

Microbiota and disease – a dysbiotic problem? 

 
The history of the bowel toxaemia theory reaches as far back as Hippocrates, who 

stated in 400 BC: “death sits in the bowels” and “bad digestion is the root of all evil”. At the 

beginning of the last century, the Nobel laureate Elie Metchnikoff proposed that the gut 

microbiota produces small amounts of toxic substances, which damage the nervous and 

vascular system and lead to aging (62). The bowel toxaemia theory eventually evolved into 

the intestinal dysbiosis theory. A still popular, however unfavourable term for an imbalanced 

microbiota. It describes a condition of microbial imbalance in a given habitat on or within the 

body.  

 

Figure 2  Gut microbial dysbiosis associated with diseases 
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Dysbiosis is most prominent in the digestive tract or on the skin, but can also occur on 

any exposed surface or mucous membrane such as the vagina, lungs, nose, sinuses, ears, 

nails, or eyes. Dysbiosis as a medical condition is not listed in the International Classification 

of Diseases. However, gut bacteria have long been known to influence a variety of diseases. 

It becomes more and more evident that the human microbiota is linked to diseases such as 

inflammatory bowel diseases (IBD), irritable bowel syndrome (IBS), allergy, and maybe 

diabetes and obesity (63-67)(Figure 3). 

Dysbiosis and inflammatory bowel diseases 

An increasing number of clinical and experimental findings has provided evidence for 

changes in the composition of the microbiota in the pathogenesis of IBD. Data from human 

studies corroborate the hypothesis that there is an association between the gastrointestinal 

flora and intestinal inflammation. The idea that a changed or dysbiotic microbiota may play a 

role in IBD was introduced by Shorter et al. in the 1970ies (68). Since then, paramount 

information has been gathered from animal and human studies in favour of the concept that 

a dysregulated response to the normal microbiota also plays a critical role in the 

development of IBD (69). The sites that are typically affected by inflammation in IBD patients 

are those, which are colonised by the highest numbers of bacteria, i.e. the distal ileum and 

the colon. Furthermore, the use of antibiotics has shown positive effects on the 

inflammation in IBD patients, thus supporting the notion that bacteria play a role in the 

development of the disease (70). However, it remains unclear whether the stimulus in IBD 

patients is a regular response to an as-yet unrecognized and persistent specific bacterial 

species or whether the inflammation represents a dysregulated response to antigens readily 

present in the intestine under normal conditions. In recent years, a decrease in the 

abundance and biodiversity of intestinal bacteria within the dominant phylum Firmicutes has 

http://en.wikipedia.org/wiki/ICD�
http://en.wikipedia.org/wiki/ICD�
http://en.wikipedia.org/wiki/ICD�
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been observed repeatedly in Crohn’s disease (CD) patients (71-74). Sokol et al. reported that 

the proportion of Firmicutes, and in particular of Faecalibacterium prausnitzii, which is a 

numerical important coloniser, was low in patients that exhibited endoscopic recurrence 

six months after surgery. Sokol et al. could show that by administering F. prausnitzii into a 

murine model of severe intestinal inflammation the inflammation was reduced (75).  

Dysbiosis and obesity  

Obesity results from an increased energy intake and subsequent alterations in the 

body's regulation of expenditure and storage. Recent evidence, primarily from investigations 

in animal models, suggests that the gut microbiota affects nutrient acquisition and energy 

regulation. Comparisons of the genomes of gut microorganisms with the genomes of 

microorganisms living elsewhere have shown that distantly related members of the Bacteria 

and even the Archaea use a remarkably similar gene portfolio for life in the gut. These genes 

include a diverse range of carbohydrate-active genes, adhesins and bile salt hydrolases to 

facilitate processing of the diet and bacterial retention in the gut (76, 77). The initial link 

between gut microbial ecology and obesity was made in mice by Ley et al. (Figure 4)(78). 

Results from a 16S rRNA gene sequence survey revealed that the bacterial communities in 

the ceca of obese mice had higher numbers of Firmicutes and fewer counts of Bacteroidetes, 

when compared to those of lean wild-type or heterozygous mice. Members of the phyla 

Firmicutes and Bacteroidetes represent up to 90% of the total human gut microbiota. 
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Figure 4  The adipose phenotype is transmissible by microbiota transfer (78) 

 

A subsequent metagenomic analysis of these same microbial communities, which was 

based on shotgun sequencing of the microbial community DNA, showed an enrichment in 

genes involved in energy extraction from food in the obese host’s microbiome relative to 

that of the lean host’s microbiome (79). A microbiota with greater energy extraction 

efficiency resulted in less energy remaining in faeces and greater levels of short-chain fatty 

acids (SCFAs) in the cecum. Furthermore, when the luminal contents from the ceca of obese 

or lean mice were transferred to lean germ-free recipients, the mice receiving the microbes 

from the obese donors gained more weight over a 2-week period than recipients of the lean 

microbiota, despite equivalent food intake (79). Since then, several studies have been 

conducted on the effect of weight loss, pregnancy or physical activity on the composition of 

the gut microbiota in humans (17, 80-84).  

Interactions among microorganisms in the gut appear to play an important role in host 

energy homeostasis, with hydrogen-oxidizing methanogens enhancing the metabolism of 

fermentative bacteria. Gill and co-workers found that the human gut microbiome of two 
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healthy lean subjects is enriched with many clusters of orthologous groups (COGs) 

representing key genes of the metabolic pathways of methanogens (25). Since 

Methanobrevibacter smithii is the major representative of the human gut methanogens (13), 

this finding led to the hypothesis that M. smithii may be a therapeutic target for the 

reduction of energy harvest in obese humans (85, 86).  

Microbiota and nutritional processes 

 
In a world of rapidly changing food habits and stressful life styles it is more and more 

acknowledged that a healthy digestive system is essential for an overall quality of life. Thus, 

the metabolic activities of the various microbial gut inhabitants came increasingly into focus. 

It is now widely accepted that the indigenous microbiota plays a crucial role in the 

maintenance of health by its metabolic capacity to ferment and transform food constituents 

like fibre and secondary plant metabolites.  

Dietary fibres 

The physiological effects of dietary fibres are significantly influenced by the degree, to 

which the fibres are fermented in the colon. Colonic fibre fermentation leads to the 

production of SCFA, gases (CO2, CH4, H2 and H2S) and microbial cell mass. The various SCFAs 

produced are metabolized by different pathways in the body. Propionate is utilized primarily 

in the liver and has been suggested to be a potential modulator of cholesterol synthesis and 

a precursor in liponeogenesis, which may influence body weight. Acetate is largely 

metabolized by peripheral tissues (i.e. muscle) or bacteria (87, 88). Whereas butyrate is the 

preferred energy source for colonocytes and thus is extensively metabolized by the colon 

(89). Butyrate and other SCFA have also been implicated in providing protection against 
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cancer (Figure 5)(90, 91). Hence, in recent years considerable efforts have been put into the 

detection and isolation of butyric acid producing bacteria (23, 92-95).  

 

Figure 5 Proposed roles of SCFA in colon cancer prevention 

 
Numerically, two of the most important groups appear to be Faecalibacterium 

prausnitzii, which belongs to the Clostridium leptum cluster (Clostridial cluster IV), and 

Eubacterium rectale/Roseburia spp., which belong to the Clostridium coccoides group 

(Clostridial cluster XIVa) of firmicute bacteria. Estimates based on fluorescent in-

situ hybridisation (FISH) and real-time PCR detection indicate that each of these groups 

typically accounts for around 5–10% of the total bacteria detectable in faecal samples from 

healthy human adult subjects.  

A wide range of polysaccharides can be utilized by various butyrate-producing 

firmicutes, suggesting that these bacteria make an important contribution to the colonic 

fermentation of dietary components. Bacteria related to Eubacterium hallii and 

Anaerostipes caccae within the C. coccoides cluster were shown to be able to convert 
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acetate and lactate into butyrate, in addition to producing butyrate from carbohydrates (88, 

94, 96). 

Additionally, butyrate producers have been implicated to ameliorate IBD (71, 75). In 

particular, populations of F. prausnitzii appear to be reduced in faecal samples and on the 

gut mucosa of Crohn’s disease patients (71). This may have a negative impact on the supply 

of butyrate for the gut epithelial cells. Furthermore, recent evidence strongly suggests that 

F. prausnitzii produces a separate anti-inflammatory factor (71).  

Aside from the studies on the positive effects of butyric acid, there has been 

considerable interest in the discovery of natural occurring compounds with a high potential 

of beneficial effects such as anti-inflammatory, antioxidant, vasodilatory, anticancerogenic, 

and antibacterial properties. Among these so-called protective agents there is a considerable 

number of sulphur- and especially selenium-containing compounds and flavonoids, which 

are widely distributed in plants and are ingested in high amounts with food.  

Flavonoides 

More than 5,000 different naturally occurring flavonoids have been described so far. 

Although it is known that human intestinal bacteria play a significant role in the degradation 

of flavonoids (97), there is a paucity of information on the species involved, their distribution 

in humans, and the mechanisms of degradation. Clostridium orbiscindens (98, 99)[meanwhile 

unified with Eubacterium plautii in a new genus as Flavonifractor plautii gen. nov., comb. 

nov.,(100)], Eubacterium  desmolans (98), and Eubacterium ramulus (101), all isolated from 

human faecal samples, are known to convert flavonoids. However, only E. ramulus was 

further characterized with respect to its potential to degrade flavonoids, the pathways of 

conversion of flavonoids, and the organism's distribution in humans (101).  
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Selenium compounds 

A further topic of interest for human health is the detection of compounds with 

potential anticancer activity and their transformation by gut microorganisms. Examples are 

selenium (Se) compounds, which have been shown to be more active than the 

corresponding sulfur compounds with respect to their anticancerogenic activities (102, 103). 

Furthermore, studies using cell culture, animal models and humans have demonstrated 

chemoprotective effects of certain selenium compounds on tumor development (104-106).  

 

X

NH2

RHO2C β-Lyase
pyruvateR-XH + +   NH3

X = S; R = Me:                               S-methylcysteine
X = Se; R = Me :                            Se-methylselenocysteine
X = Se; R = p-(CH3O)C6H4CH2- : Se-p-methoxybenzylselenocysteine  

Figure 6 β-Elimination of S- and Se-cysteine conjugates catalysed by β-lyases 

 

Although it is suitable to describe effects of selenium in terms of the element, it must 

always be kept in mind that chemical form and dose are determinants of its biological 

activity as cancer preventive or toxic agent. The activation of such compounds is mainly 

realized by ß-lyases (Figure 6), which are present in the kidney, liver and the gastrointestinal 

tract and various bacteria of the intestinal microbiota (107, 108). The β-lyase of bacteria in 

the gastrointestinal tract is a key enzyme, because it bio-activates S- and Se-cysteine 

conjugates.  

  



 

23 

Concluding remarks  

Environmental factors and host genetics clearly interact in the acquisition and main-

tainance of the stability of a healthy gut microbiota. In turn, these three components — 

environment, host genetics and microbiome — interact to maintain homeostasis in the gut. 

The disruption of this stability by modifying one or more of the three interacting 

components may be a trigger for the development of diseases.  

Although several studies show an effect of the host genotype on the microbiome 

using faecal and cecal samples, bacteria inhabiting specific locations of the gut, such as 

mucosal surface-associated communities, might be even more influenced by the host 

genetics, as they are more ‘tightly’ associated with the host. The rapidly decreasing cost of 

sequencing will allow future studies to include whole-genome sequencing of the host, so 

that the effects of rare human genes are also taken into account and epigenetic effects can 

be incorporated into disease models. A deeper characterisation of the microbiome through 

metagenomic, metatranscriptomic and metabolomic approaches, as well as strain 

resequencing to characterise populations of specific taxa within individuals, will also add 

powerfully to our understanding of the relevance of the microbiota for maturation, 

inflammation and nutritional processes.    



 

24 

Outline of this thesis 

In this postdoctoral qualification thesis the effects and significance of the human 

microbiota and its members on the maturation, inflammation and nutritional processes in 

humans were investigated. In order to understand and exploit the impact of the gut 

microbes on human health and well-being, it is necessary to gain insight into the 

succession of the gut microbiota during aging. 

Chapter 1 describes, how the bacterial composition is dependent on the environment of 

the host and is not necessarily influenced by birth weight, diet or antibiotic treatment. 

However, there are conflicting reports in the literature regarding the composition of the 

neonatal gastrointestinal tract (GIT) microbiota and the factors that shape it. Several 

studies have reported that Bifidobacteria almost always dominate the GIT microbiota of 

breast-fed infants by several weeks of age (8, 109-111), while others find that they occur in 

only a small fraction of infants, or are not numerically dominant (112). Because of the 

increased incidence of GIT problems in premature infants, the effect of gestational age has 

also been extensively studied. These studies have consistently shown that the microbiota 

of hospitalized, preterm infants differs from that of healthy, full-term babies (38, 113, 114). 

Attempts to associate specific microbes with the occurrence of necrotizing enterocolitis, a 

condition with suspected bacterial aetiology that is an important cause of morbidity and 

mortality in premature babies, have yielded mixed results (114, 115). Clearly, there is still 

much to be learned about the origins and development of the infant GIT microbiota and its 

influence on health and disease. 

In the first year of life, the infant intestinal tract progresses from sterility to 

extremely dense colonization, ending with a mixture of microbes that is broadly very similar 

to that found in the adult intestine (109). Chapter 2 and Chapter 3 describe how the colonic 
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microbiota exhibits both a bacteria-specific and general pattern of maturation that is most 

profound within the first year of life. It remains to be shown, whether these changes reflect 

direct changes of the gut microbiota, the mucosal innate immunity, or indirect consequences 

of a changing nutrition.  

In recent years, the gut microbiota has been linked to various beneficial or 

detrimental activities, one being obesity (78, 82, 116, 117). In Chapter 4, one of the first 

studies including a larger group (> 100 subjects) of lean, overweight, and obese healthy 

individuals on a western diet showed significant differences between the three groups and 

their respective microbiota composition. The most abundant bacterial groups in faeces of 

lean and obese subjects belonged to the phyla Firmicutes and Bacteroidetes. The ratio of 

Firmicutes to Bacteroidetes changed in favour of the Bacteroidetes in obese subjects, which 

is in contradiction to previously published data from a smaller group of individuals (118). 

Additionally, obese subjects had higher SCFA concentrations than lean subjects, especially 

propionate. Taking into account that propionate is mainly used in gluconeogenesis and 

liponeogenesis, this finding is rather intriguing as propionate may thus provide additional 

energy to the host metabolism. However, the diet-associated effect in the rate of microbial 

production, microbial cross feeding and mucosal absorption of SCFA on the overall faecal 

SCFA net concentration in intestinal contents is yet to be determined. 

In a recent work published by Gill and co-workers (25), the human gut microbiome of 

two healthy subjects has been shown to be enriched with many clusters of orthologous 

groups (COGs) representing key genes of the metabolic pathways of methanogens. Since 

Methanobrevibacter smithii is the major representative of the human gut methanogens (13), 

this finding led to the hypothesis that M. smithii may be a therapeutic target for the 

reduction of energy harvest in obese humans (85, 86). However, this hypothesis could not be 
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confirmed as described in Chapter 4. The question, whether bacteria are responsible for 

obesity remains controversial, as several recent studies could show that diet is one of the 

most important factors shaping the microbial diversity in the gut (119-121). Furthermore, 

most findings in this field of research are based on mouse studies and the relevance to 

human biology requires further investigation. 

Although it is clear that an important symbiotic relationship between the 

autochthonous microbiota and its host has evolved over millions of years, most of the 

microorganisms and their functions have not been described yet. To isolate and study these 

symbiotic microorganisms still remains one of the achievable goals in science. In Chapter 5 

and Chapter 6 two such organisms are described. Both organisms have been isolated during 

the quest for new butyrogenic bacteria. Butyric acid, produced within the intestinal lumen 

by bacterial fermentation of dietary carbohydrates, exerts a wide variety of effects on 

intestinal function. First of all, butyric acid is the preferred source of energy for colonocytes. 

It affects cellular proliferation, differentiation and apoptosis. Secondly, butyric acid has well 

documented anti-inflammatory effects. Inhibition of histone deacetylase activity, resulting in 

hyperacetylation of histones, and as a consequence suppression of nuclear factor kappa B 

activation, is a likely explanation. Thirdly, it has been proposed that butyric acid reinforces 

the colonic defence barrier by increasing production of mucins and antimicrobial peptides. 

Finally, it has been shown that butyric acid decreases intestinal epithelial permeability by 

increasing the expression of tight junction proteins. Anti-inflammatory activities, combined 

with a strengthening of the mucosal barrier integrity, are ideal properties for therapeutic 

compounds against IBD-like syndromes (91). Several studies have shown that, numerically, 

the majority of butyrate producing bacteria found in human faeces are highly oxygen-

sensitive anaerobes belonging to the clostridial clusters IV and XIVa (94). Decreases in 
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members of the butyrate-producing clostridial clusters IV and XIVa have been reproducibly 

reported in the gut of IBD patients (75). As outlined in Chapter 7 a dysbiotic microbiota is 

present in paediatric IBD patients, already. Although no major changes could be observed in 

patients with ulcerative colitis, except for a decrease of bifidobacteria in the active state of 

the disease, numbers of Faecalibacterium prausnitzii and bifidobacteria were reduced in 

children with active and inactive Crohn’s disease. Additionally, numbers of Escherichia coli 

were increased in patients with active Crohn’s disease only. Hence, it can be stated that the 

microbiota in children with Crohn’s disease is characterized by a decrease of F. praunsitzii 

and an increase in E. coli cell numbers.  

An approach to augment the amount of colonic butyrate is to increase the numbers of 

these butyrogenic species by dietary intervention. While certain dietary substrates such as 

resistant starch appear to be butyrogenic, it is not known to what extent these stimulate 

butyrate production directly, e.g. by promoting amylolytic species, or indirectly, e.g. through 

cross-feeding of fermentation products. A better understanding of the microbial ecology of 

colonic butyrate-producing bacteria will help to explain the influence of diet upon butyrate 

supply, and to suggest new approaches for optimising microbial activity in the large 

intestine.. Such an approach for the detection of quantitatively significant groups of 

butyrate-producing bacteria is presented in Chapter 8 and their subsequent elevation by 

dietary intervention in Chapter 9. It could be shown that a diet rich in resistant starch 

elevates the butyrate levels, however, the selected Eubacterium spp. did not have a major 

impact on this process. Recent studies show that species of the cluster Roseburia are major 

butyrate producers in the human gut (94). 

Next to the elucidation of the effects of butyrate and the manipulation of the 

accountable microbiota, there has been considerable interest in the discovery of natural 
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occurring compounds with a high potential for anti-inflammatory or antioxidative effects 

and cancer prevention. Two such compounds are flavonoids and selenium compounds. 

Although it is known that human intestinal bacteria play a significant role in the degradation 

of flavonoids and the activation of selenium compounds (97, 108), there is a paucity of 

information on the species involved, their distribution in humans, and the mechanisms of 

degradation. In Chapter 10 and Chapter 11 newly isolated organisms or numerically 

important bacteria from the human intestinal tract were shown to exhibit degradation or 

activation capabilities for flavonoids and selenium compounds, respectively.  However, it 

remains to be elucidated, whether shifts in the numbers and pattern of intestinal bacteria 

affects the bio-conversion of these compounds.  

Although this work provides new insights into the role of the human intestinal 

microbiota regarding health, our understanding of its complexity and function still remains in 

its infancy. A thorough understanding of how the microbiota interacts with the host will not 

only facilitate the development of diagnostic strategies and nutritional intervention. It will 

also enable us to fully appreciate the complexity of the unique universe that is our 

microbiota and that determines so much of who we are.  
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