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Allergic diseases, for example asthma and eczema, are nowadays considered belonging to the most 
common chronic diseases amongst children in the West, but the cause for this increase in allergy 
prevalence is unknown. Since studies have indicated a connection between children's exposure of 
microorganisms during infancy and risk of developing allergic disease, it is suggested that this 
exposure is a crucial factor in question of allergy development or not. Other studies have established 
differences in microflora composition between healthy children and children with allergic disease, and 
several studies have shown that probiotic therapy can give positive results in both prevention and 
treatment of allergic diseases.  
 
The aim of this master's thesis was to develop a method, using PCR and denaturing gradient gel 
electrophoresis, to study the diversity of Lactobacillus spp. in fecal samples retrieved from a study of 
the probiotic strain L. reuteri ATCC 55730. The developed method was successful in detecting 
lactobacilli in fecal samples, but three other bacterial genera commonly found in humans were also 
amplified. Comparison of average numbers of detected bacterial strains and lactobacilli strains between 
samples belonging to the probiotics and placebo groups, respectively, showed higher numbers for the 
probiotics group. Also, the only fecal samples that contained L. reuteri belonged to the probiotics 
group. Although the results are far from statistically significant, they support the theories that 
probiotics may influence the intestinal microbiota.
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Abstract 
Allergic diseases, for example asthma and eczema, are nowadays considered belonging to the 
most common chronic diseases amongst children in the West, but the cause for this increase 
in allergy prevalence is unknown. Since studies have indicated a connection between 
children’s exposure of microorganisms during infancy and risk of developing allergic disease, 
it is suggested that this exposure is a crucial factor in question of allergy development or not. 
Other studies have established differences in microflora composition between healthy 
children and children with allergic disease, and several studies have shown that probiotic 
therapy can give positive results in both prevention and treatment of allergic diseases.  

The aim of this master’s thesis was to develop a method, using PCR and denaturing gradient 
gel electrophoresis, to study the diversity of Lactobacillus spp. in fecal samples retrieved from 
a study of the probiotic strain L. reuteri ATCC 55730. The developed method was successful 
in detecting lactobacilli in fecal samples, but three other bacterial genera commonly found in 
humans were also amplified. Comparison of average numbers of detected bacterial strains and 
lactobacilli strains between samples belonging to the probiotics and placebo groups, 
respectively, showed higher numbers for the probiotics group. Also, the only fecal samples 
that contained L. reuteri belonged to the probiotics group. Although the results are far from 
statistically significant, they support the theories that probiotics may influence the intestinal 
microbiota. 





Sammanfattning 
Allergisk sjukdom anses idag höra till de vanligaste kroniska sjukdomarna bland barn i 
västvärlden, men orsaken till ökningen är emellertid oklar. Många studier indikerar att ett 
samband kan finnas mellan hur barn exponeras för mikroorganismer i tidig ålder och risken 
för utveckling av allergisk sjukdom. Denna exponering föreslås vara en avgörande faktor i 
fråga om utveckling av allergi eller ej. Andra studier har påvisat skillnader i sammansättning 
av normalfloran mellan friska barn och barn med allergisk sjukdom, och ett flertal studier har 
visat att användning av probiotika kan ge positiva resultat i både förebyggande och 
behandling av allergisk sjukdom.  

Målet med detta examensarbete var att utveckla en metod, baserad på PCR och denaturerande 
gradient-gelelektrofores, för att studera den mikrobiotiska mångfalden hos bakteriegruppen 
Lactobacillus i faecesprover erhållna från en studie av den probiotiska bakterien L. reuteri 
ATCC 55730. Den utvecklade metoden kunde framgångsrikt detektera lactobaciller i 
faecesprover, men även tre andra bakteriegrupper som ofta hittas hos människa detekterades. 
Jämförelse av medeltalet av totalt antal olika bakterier och antalet lactobaciller som 
detekterades i prover från probiotika- respektive placebo-gruppen visade högre värden för 
probiotikagruppen. De enda faecesproverna som innehöll L. reuteri tillhörde också 
probiotikagruppen. Även om dessa resultat är långt ifrån statistiskt signifikanta stödjer de 
teorierna att probiotika kan påverka den normala mikrofloran.  





Abbreviations 
AD – atopic dermatitis 

BLAST – Basic Local Alignment Search Tool, http://blast.ncbi.nlm.nih.gov/ 

bp – base pairs 

DGGE – denaturing gradient gel electrophoresis 

DNA – deoxyribonucleic acid 

IgE – immunoglobulin E 

NCBI – National Center for Biotechnology Information, http://www.ncbi.nlm.nih.gov/ 

PCR – polymerase chain reaction  

rDNA – ribosomal DNA 

RNA – ribonucleic acid 

rRNA – ribosomal RNA 
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Introduction 
Allergic diseases, for example asthma and eczema, are nowadays considered belonging to the 
most common chronic diseases amongst children in the West. This statement is supported by 
a world-wide trend in which the incidence of allergic disease in industrialized countries has 
increased over the past four decades, while it during the same period of time has been stable 
in the developing countries (Noverr & Huffnagle, 2005). The cause for this increase in allergy 
prevalence is still not established. However, one major theory that attempts to explain the 
increase is called the “hygiene hypothesis”. According to this theory, the prevalence of 
allergic diseases is increasing in industrialized countries in part because people in those 
nations are less likely to expose their gastrointestinal tract to a variety of both pathogenic and 
non-pathogenic microorganisms during infancy (Watanabe et al., 2003). This lack of 
microbial stimulation is thought to be a result of lifestyle and environmental changes to 
cleaner surroundings and better hygiene, hence the name “hygiene hypothesis” (Kalliomäki et 
al., 2001a; Noverr & Huffnagle, 2005). An alternative interpretation to the “hygiene 
hypothesis” is the “microflora hypothesis”. This theory proposes that the use of antibiotics in 
industrialized countries, and differences in diet compared to non-industrialized countries, 
have caused perturbations in the gastrointestinal microbiota that have disturbed the normal 
microbiota-mediated mechanisms of the immunological tolerance in the gastrointestinal 
mucosa. In turn, these disturbed mechanisms are thought to have led to the increase in 
prevalence of allergic diseases (Noverr & Huffnagle, 2005). Differences in the composition of 
the intestinal microflora have been described between infants in Sweden and Estonia, two 
geographically close countries with big differences in living conditions (Sepp et al., 1997; 
Björkstén et al., 1999; Sepp et al., 2000; Mikelsaar et al., 2002). However, no matter what 
underlying cause is thought to be the one responsible for the increase in incidence of allergic 
disease among children in the West, whether it be too clean surroundings, use of antibiotics, 
or dietary differences, scientists seem to agree that there is an important relationship between 
the intestinal microflora and the cause of allergic diseases.  

But, why is the intestinal microflora important in the development of allergic diseases? 
Several studies have indicated that there is a connection between children’s exposure of 
microorganisms and risk of developing allergic disease. At birth the gastrointestinal tract of 
the infant is sterile, but microbial colonization begins immediately upon delivery (Noverr & 
Huffnagle, 2005) and occurs within a few days (Guarner & Malagelada, 2003). The 
colonization starts when the newborn infant comes in contact with microbes from the mother 
and the surrounding environment (Satokari et al., 2002). Some major factors affecting the 
nature of the early microbial communities in the infant’s gastrointestinal tract are type of 
delivery (vaginal vs. caesarian), use of antibiotics in the mother, and way of feeding 
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(breastfeeding vs. bottle-feeding) (Noverr & Huffnagle, 2005). At birth, when the immune 
system is under development, the strongest environmental signal for postnatal maturation of 
the immune system is provided by the microbial exposure (Prescott & Björkstén, 2007). The 
major source for this microbial stimulus of the immune system during infancy is the newly 
acquired gut microbiota (Kirjavainen et al., 2001) and their antigens (Kalliomäki et al., 
2001b), which induces the maturation of antigen presenting cells and T-regulatory cells that 
are essential for T-cell responses (Prescott & Björkstén, 2007). It can therefore be stated that 
intestinal microorganisms are of significance in development as well as in function of the 
intestinal immune system (Penders et al., 2006), with other important functions of the normal 
microflora being the metabolic activity and its role in protecting the host against pathogenic 
microbes (Vaughan et al., 1999).  

Since microbial exposure is a critical step in the development of the immune system, it is 
suggested that exposure of bacterial antigens during infancy is a crucial factor in question of 
developing allergic disease or not. This has been demonstrated in mice experiments, where 
mice with normal microbiota did not develop allergic responses to allergens, whereas mice 
lacking gut microbiota on the other hand did (Noverr & Huffnagle, 2005; Prescott & 
Björkstén, 2007). Because of the fact that the immune responses are still under development 
very early in life, most studies of supplementation of “friendly” bacteria, so called probiotics, 
in purpose to prevent and treat allergic disease, have been focused on early manifestations of 
allergy, such as food allergy and atopic dermatitis (Prescott & Björkstén, 2007). Hence, 
giving probiotic bacteria to infants suspected of having an elevated risk of developing allergic 
diseases, there may be a possibility for this risk to be reduced.  

Over recent years, studies have shown that there are differences in the composition of the 
fecal microbiota between atopic and non-atopic children (Björkstén et al., 1999; Kalliomäki et 
al., 2001a; Kirjavainen et al., 2001; Watanabe et al., 2003), and that these differences are 
already present before the development of sensitization and clinical manifestations of allergic 
disease (Björkstén et al., 2001; Kalliomäki et al., 2001a). There are also several studies of 
probiotic therapy that have provided statistical evidence that supplementation of living 
microorganisms can give positive results in both prevention (Kalliomäki et al., 2001b; 
Kalliomäki et al., 2003) and treatment of allergic diseases (Rosenfeldt et al., 2003). In the 
former studies both the expecting mothers and their newborn infants received probiotics, and 
in the later study only the newborn were supplemented with probiotics.  

In the study that constitutes the starting point of this master’s thesis, the probiotic bacterium 
Lactobacillus reuteri were given to expecting mothers and their newborn infants. The clinical 
evaluation of that study, on infants with a family history of allergic disease, could not confirm 
a preventive effect of probiotics on infant eczema. However, the infants that had received L. 
reuteri had less IgE-associated eczema and sensitization at 2 years of age, and this effect was 
more pronounced among infants with mothers who had allergies. (Abrahamsson et al., 2007) 

The aim of this master’s thesis was to develop a method to study the intestinal microflora, 
more specifically the diversity of Lactobacillus species, in fecal samples retrieved from the 
study performed by Abrahamsson et al. (2007). The goal was to investigate whether there 
were differences in the composition of Lactobacillus species between the infants who had 
developed IgE-associated eczema and the ones who had not, and if supplementation of L. 
reuteri could have caused any differences between the infants and mothers who had received 
the probiotic bacterium and the ones who had received placebo. The different technologies 
that were used in this project were polymerase chain reaction and denaturing gradient gel 
electrophoresis.  
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Theoretical background 

Structure of the intestinal microflora 
The human gastrointestinal tract comprises a complex ecosystem of a variety of microbial 
habitats, for example the stomach and the small and large intestines, which are colonized by 
many different commensal microorganisms (Vaughan et al., 1999). This natural ecosystem is 
considered being one of the most complex and concentrated group of microorganisms in the 
nature, and the fact that each individual’s intestinal ecosystem may have its own unique 
characteristics, which may not be uniform over time, adds further to the complexity of the 
system (O’Sullivan, 2000). Normally however, in contrast to the early childhood, by 
adulthood the microbial community generally stabilizes and near constancy exists in the 
different habitats of the gastrointestinal tract (Reuter, 2001; Noverr & Huffnagle, 2005).  

The great majority of the bacterial species in the gastrointestinal tract are strict anaerobes 
(97%) and only a minor part are facultative anaerobes (3%). There is an estimated number of 
400-1000 species that make up the adult intestinal microbiota, while only 30-40 species are 
thought to predominate. Of all the species present in the gastrointestinal tract the most 
common anaerobic bacteria belong to the genera Bacteroides, Bifidobacterium, Eubacterium, 
Fusobacterium, Clostridium and Lactobacillus, and among the facultative anaerobic bacteria 
are Gram-negative enteric bacteria (Escherichia coli and Salmonella spp.) and Gram-positive 
cocci (Enterococcus, Staphylococcus and Streptococcus) (Noverr & Huffnagle, 2005). Much 
of the knowledge about the intestinal microflora has been obtained from isolation, culturing 
and analyzing of microorganisms from fecal samples (O’Sullivan, 2000). However, due to 
requirements of complicated or even unknown culturing conditions, as much as 
approximately 60% of the bacterial species in the human intestinal microbiota are 
unculturable (Noverr & Huffnagle, 2005). A remedy to this problem is to use molecular 
biological procedures, which have overcome the need to cultivate the microorganisms prior to 
detection, and analyze selected genes of the bacteria present in the sample (Vaughan et al., 
1999). This has led to discoveries of previously undescribed microorganisms (Guarner & 
Malagelada, 2003).  

The intestinal microflora is composed of both permanent members and transient colonizers 
(Noverr & Huffnagle, 2005), which in other words are called autochthonous and 
allochthonous species, respectively (Reuter, 2001). Autochthonous species are species which 
are able to colonize the gastrointestinal tract, unlike allochthonous species which are briefly 
introduced from an exogenous source, such as for example fermented foods that may have 
large amounts of lactobacilli enriched in them. The presence of these allochthonous strains 
lasts in the gastrointestinal tract for only a limited period of time, or as long as they are 
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Table 1. Lactobacillus species that may be detected as 
autochthonous (permanent) and/or allochthonous (transient) in 
human faeces (Reuter, 2001) 

Lactobacillus species Autochthonous Allochthonous 
L. acidophilus sensu stricto + – 
L. brevis – + 
L. buchneri – + 
L. casei + + 
L. crispatus + – 
L. fermentum – + 
L. gasseri + – 
L. johnsonii + – 
L. oris + – 
L. paracasei + + 
L. plantarum – + 
L. reuteri + – 
L. rhamnosus + + 
L. ruminis + – 
L. salivarius + – 
L. vaginalis + – 

 

continuously supplemented through the food. This continuous supplementation of 
allochthonous bacterial strains may give rise to misinterpretations that they are instead 
autochthonous, which have been a problem with lactobacilli (Reuter, 2001). Lactobacilli are a 
heterogeneous group of anaerobic or microaerophilic bacteria, producing lactic acid as the 
name implies (Ahrné et al., 2005). They are non-pathogenic and usually present in the 
intestinal microflora of healthy humans (Mikelsaar et al., 2002), although in much lower 
counts than several other intestinal bacteria (Ahrné et al., 2005) and there are considerable 
differences in lactobacilli population structure and quantities between infants, adults and 
elderly people (Reuter, 2001). Different Lactobacillus species, for example L. gasseri, L. 
reuteri, and L. vaginalis, that may be detected as permanent members in humans and found in 
fecal samples, are listed in table 1. In the same table, species that have been found as transient 
colonizers are also displayed, for example L. fermentum and L. plantarum (Reuter, 2001). In a 
study examining Lactobacillus colonisation patterns using fecal samples from Swedish 
infants, it was found that the most common Lactobacillus species in the first 2 months of life 
were L. gasseri and L. rhamnosus. Lactobacilli colonization reached a peak at 6 months when 
45% of the infants were colonized, and the mean number of Lactobacillus strains during the 
first 6 months was about 1.3. By the age of 18 months the dominating lactobacilli were the 
food-related species L. acidophilus, L. delbrueckii, L. paracasei and L. plantarum, which are 
commonly present in cheese (L. paracasei), fermented vegetables (L. plantarum) and milk 
products (L. delbrueckii and L. acidophilus). The researchers were unable to determine 
whether these species were permanent colonizers or only transiently present after ingestion of 
these types of foods (Ahrné et al., 2005).  



THEORETICAL BACKGROUND 

15 
 

Besides the differences in bacterial composition between humans in different stages of life, 
there are also documented differences in the intestinal microflora between people from 
different geographical regions. For example, several studies have shown that differences exist 
between infants from Estonia and Sweden, which even though they are two geographically 
close countries still have big differences in living conditions. In the studies it was observed 
that Estonian infants harboured lactobacilli more frequently and in higher counts than the 
Swedish babies did (Sepp et al., 1997; Björkstén et al., 1999; Sepp et al., 2000; Mikelsaar et 
al., 2002). There are also differences in prevalence of allergy in the two countries: low 
prevalence in Estonian children and high in Swedish (Sepp et al., 1997; Björkstén et al., 1999; 
Mikelsaar et al., 2002).  

During the past decade, comparisons of the gastrointestinal microbiota, obtained by analyzing 
fecal samples from atopic and non-atopic children, have revealed differences in the bacterial 
composition between the two groups (Björkstén et al., 1999; Kalliomäki et al., 2001a; 
Kirjavainen et al., 2001; Watanabe et al., 2003). In addition, it has been demonstrated that 
these differences in the intestinal microbiota are already present before the development of 
allergic sensitization and clinical manifestations of allergic disease (Björkstén et al., 2001; 
Kalliomäki et al., 2001a). Atopy has been associated with increased levels of aerobic bacteria 
and decreased levels of anaerobic bacteria, and a low colonization degree of lactobacilli 
(Björkstén et al., 1999). Atopic infants also have Gram-positive species less frequently, and 
lower total cell counts compared to healthy children (Kirjavainen et al., 2001). 

Probiotics 
The practice of probiotic supplementations of bacteria started for more than a hundred years 
ago and resulted in anecdotal evidence that suggested connections to improved health (Noverr 
& Huffnagle, 2005). Probiotics are defined as living microorganisms which exerts health 
benefits, beyond those of inherent basic nutrition, upon ingestion in certain numbers (Prescott 
& Björkstén, 2007) and it can be provided as a food complement or supplement (Guarner & 
Malagelada, 2003). In other words, according to the definition of probiotics, these living 
microorganisms can be used to improve the health of human beings (Guarner & Malagelada, 
2003). Probiotics are non-pathogenic (Noverr & Huffnagle, 2005) and do not necessarily 
colonize the human intestine (Guarner & Malagelada, 2003), even though they can influence 
the bacterial composition of the normal intestinal microflora and protect the host against 
pathogenic microorganisms (Marzotto et al., 2006). In a study conducted to evaluate the 
probiotic potential of L. paracasei A in humans, it was found that the intestinal microbiota of 
healthy 1-2 year old infants promptly responded to consumption of the specific strain. Strain 
A survived gastrointestinal passage and revealed colonization capacity in fecal microbiota in 
most of the infants examined, and it temporarily dominated the intestinal Lactobacillus 
community. Consumption of L. paracasei A led to a significant increase in the Lactobacillus 
population and it affected the diversity of both the Lactobacillus and the Bifidobacterium 
populations. After the experiment was completed the microbiota later became normalized and 
restored to its endogenous equilibrium (Marzotto et al., 2006). Another Lactobacillus species 
that has been shown to be able to colonize the human gastrointestinal tract is L. reuteri ATCC 
55730, which has been extensively studied and is also widely used as a dietary supplement to 
improve gastrointestinal health (Valeur et al., 2004).  

There is good evidence that certain lactobacilli, such as L. reuteri ATCC 55730 (Valeur et al., 
2004), and bifidobacterial strains can influence the immune function through different 
pathways, for example by effects on enterocytes, antigen presenting cells, regulatory T cells 
and effector T and B cells (Prescott & Björkstén, 2007). Examples of proposed mechanisms 
of the immunomodulating effects of probiotics are reduced local inflammation and promotion 
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of production of immunological tolerance. Also, probiotics are proposed to reduce 
permeability of the gut mucosal barrier and reduce penetration of allergens and antigens. This 
is done by increased mucous production and repair and maintenance of the intestinal barrier 
and tight junctions, which in the end implies a potentially reduced systemic antigen load 
(Prescott & Björkstén, 2007).  

Several studies of probiotic therapy have provided statistical evidence that supplementation of 
living microorganisms can give positive results in both prevention (Kalliomäki et al., 2001b; 
Kalliomäki et al., 2003) and treatment (Rosenfeldt et al., 2003) of allergic diseases. In the 
studies by Kalliomäki et al. (2001b; 2003), expecting mothers who had at least one first-
degree relative or partner with atopic disease, were randomly assigned to receive placebo or 
the probiotic bacterium Lactobacillus rhamnosus GG, ATCC 53103, daily for 2-4 weeks 
before the expected delivery. After delivery the infants daily got the same product as the 
mothers for 6 months. The prevalence of atopic eczema turned out to be significantly lower in 
infants who had received probiotics than in those who had been given placebo: the 
administration of the probiotic strain halved the development of atopic eczema in children at 
high risk during the first 2 years of life (Kalliomäki et al., 2001b). After re-examination of the 
children at 4 years of age, the findings suggested that the preventive effect of Lactobacillus 
GG on atopic eczema extends beyond infancy (Kalliomäki et al., 2003). In the study by 
Rosenfeldt et al. (2003), a mixture of the two probiotic Lactobacillus strains L. rhamnosus 
19070-2 and L. reuteri DSM 122460 was given for 6 weeks to 1- to 13-year-old children with 
atopic dermatitis. Administration of this mixture could be associated with a moderate 
improvement in the clinical severity of atopic eczema (Rosenfeldt et al., 2003).  

Atopic dermatitis 
The majority of studies to investigate the role of probiotics in prevention and treatment of 
allergic disease have focused on early manifestations of allergy, such as food allergy and 
atopic dermatitis, since the immune responses still are under development early in life 
(Prescott & Björkstén, 2007). Atopic dermatitis (AD), also known as atopic eczema, is a 
chronically relapsing skin disorder that most commonly arises during early infancy, childhood 
or adolescence (Watanabe et al., 2003). It often is the earliest sign of subsequent allergic 
diseases in infants and children, and the majority of human trials concerning AD have been 
focused on neonatal or infant subjects (Noverr & Huffnagle, 2005). The disease is often 
associated with increased levels of serum IgE and at least one of the symptoms AD, allergic 
rhinitis, and asthma in either the family or personal history (Watanabe et al., 2003). Although 
administration of topical corticosteroids might control the symptoms, especially in children 
with mild or moderate eczema, the management of AD in childhood is challenging and 
relapses are common. In addition, extensive and prolonged use of corticosteroids implies risks 
of systemic side effects and may cause skin atrophy (Rosenfeldt et al., 2003).  

Polymerase Chain Reaction, PCR 
Conventional molecular cloning methods can be considered to be in vivo DNA-amplifying 
techniques. The polymerase chain reaction (PCR) on the other hand, is a method that allows 
the DNA from a selected region of a genome to be synthetically amplified in vitro (Madigan 
et al., 2003). From a single DNA molecule comprising the specific genome region of interest, 
several million copies, up to billions, can be made in relatively short time and thus permit 
rapid analysis of the target DNA without the need to construct DNA libraries first (Alberts et 
al., 2002).  
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Figure 1. Schematic representation of the PCR amplification process. The three different steps, 
denaturation, annealing, and extension, are repeated in a desired number of cycles, where each cycle 
theoretically doubles the amount of target DNA. 

To be able to perform selective PCR amplification it is required that the flanking regions on 
both sides of the target DNA sequence are known. This is necessary when designing 
oligonucleotide primers, which have to be present in the reaction mixture for the PCR to work 
(Madigan et al., 2003; Strachan & Read, 2004). To reduce the chance of the primers binding 
to other locations in the genome than the desired ones, it is important to avoid repetitive DNA 
sequences and to use unique sequences that are only found in the spot of interest. The primers 
are optimally about 18-25 nucleotides long, and they are complementary to the regions 
flanking the target sequence. The forward primer is used to make the plus strand of the DNA 
molecule and the reverse primer to make the minus strand. The orientation of the primers is 
chosen so that synthesis of a new strand occurs from one primer towards the other primer 
binding site. When designing primers, it is important to consider a number of different 
factors: base composition, melting temperature, 3’ terminal sequences and the possibility of 
the primer being self-complementary. The base composition should have an even distribution 
of all four nucleotides and a GC content between 40-60%. The calculated melting temperature 
for forward and reverse primers used in the same reaction should not differ by more than 5°C. 
The 3’ sequence of one of the primers should not be complementary to the other primer used 
in the same reaction, and inverted repeats or self-complementary sequences longer than 3 base 
pairs within one primer should be avoided (Strachan & Read, 2004).  

The PCR amplification consists of a series of cycles, each involving three different steps: 
denaturation, annealing and extension (figure 1). The first step in a PCR cycle, the 
denaturation step, is usually set to be at about 90-95°C. In this step the double stranded DNA 
becomes separated into single stranded DNA due to bond breakage between the bases in the 
two strands. In the second step the temperature is lowered to permit annealing of the primers 
to the single stranded DNA. The temperature in this step is dependent on the melting 
temperature of the two primers and is usually set between 50-70°C (Strachan & Read, 2004). 
To ensure that most of the target strands anneal to a primer and not to each other again, the 
primers are added to the reaction mixture in great excess relative to the target DNA (Madigan 
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et al., 2003). The third and final step in one PCR cycle is the primer extension step, which 
takes place at about 70-75°C. In the presence of a heat-stable DNA polymerase, which is 
unaffected by the denaturation step, and large amounts of the four DNA precursors dATP, 
dCTP, dGTP and dTTP, synthesis of new DNA strands originating from the 3’-end of the 
annealed primers are initiated. Since the new strands are complementary to the targeted 
template strands, the primer extension yields a copy of the original double stranded DNA 
(Strachan & Read, 2004). After the extension step, the mixture is heated again to separate the 
strands and a new cycle begins. With each round of DNA synthesis the newly generated 
fragments will serve as templates in the next cycle, leading to a doubling of the target DNA 
content in every cycle. Each cycle requires about 5 minutes, which makes the automated PCR 
procedure allow for great amplifications in only a few hours compared with the several days 
that are required for standard in vivo cloning procedures. Changes in run times and 
temperatures for the different steps in the PCR cycle, as well as for the initial denaturation 
step and the final extension step, can be made to optimize the outcome of the PCR. Also, 
concentrations of the different substances that are included in the reaction mixture can be 
altered to produce better yields. However, well-designed primers are the most important part 
needed to obtain a successful PCR amplification. In practice, 20-30 PCR cycles are required 
for effective DNA amplification, yielding a 106- to 109-fold increase in the target sequence. 
To investigate if the reaction has yielded any DNA the PCR product can be visualized on a 
gel (Madigan et al., 2003).  

Because of its simplicity, PCR is a popular technique with a wide range of applications, and it 
is a powerful tool because it is easy to perform, very specific and extremely efficient. Since 
PCR is a rapid technique, that does not require more than one person’s work effort, it can 
therefore also be extremely cost effective. It is also a sensitive method because it enables 
amplification from very small amounts of target DNA, with applications in for example 
medical diagnosis cases, with searches for microorganisms that are present in low numbers, or 
other cases where there might be only small sample quantities to access (Madigan et al., 2003; 
Strachan & Read, 2004). One of the great advantages of PCR amplification is that it is not 
necessary to pre-culture the organisms examined in the laboratory. For that reason different 
organisms are not favoured over others due to selective culture media, but instead the 
enormous diversity of the microbial world is revealed to scientists. Due to the fact that no 
previous growing is needed, PCR is now an important tool in diagnostic microbiology. Today 
PCR is routinely used for evolutionary or comparative studies, with primers made for regions 
of genes thought to be conserved throughout great numbers of different organisms. A 
commonly amplified gene for these kinds of studies is that encoding 16S ribosomal RNA. It is 
also common to use PCR for analysis of bacterial compositions of microbial communities, 
where in a typical experiment DNA from the whole community is isolated from the habitat of 
interest. Primers targeting a region that is present in all bacteria, but slightly different between 
them to allow for the different species to be distinguished from each other, are used for 
amplification. If the goal of the study is to find out which species are present in the sample by 
sequencing, the PCR products first need to be separated from each other. A key method for 
making this separation of PCR products is called denaturing gradient gel electrophoresis 
(Madigan et al., 2003). There are also other types of molecular fingerprinting methods.  

Denaturing Gradient Gel Electrophoresis, DGGE 
Denaturing gradient gel electrophoresis (DGGE) is an electrophoretic method by which PCR-
amplified DNA fragments of the same length but with different base-pair sequences can be 
separated (Sheffield et al., 1989; Muyzer et al., 1993). The electrophoretic mobility of fully 
helical DNA molecules in gels is considered to be insensitive to the sequence of the helix 
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(Myers et al., 1987). Separation of the DNA fragments in DGGE is based on the 
electrophoretic mobility of partially melted DNA molecules in polyacrylamide gels, which 
compared to a completely helical form of the molecule is significantly lower (Sheffield et al., 
1989; Muyzer et al., 1993).  

Each double stranded DNA molecule contains stretches of base pairs with an identical melting 
temperature (Tm), which are referred to as melting domains. The Tms of these domains are 
sequence specific. The typical lengths of these segments are roughly between 50-300 base 
pairs and are usually clearly demarcated from flanking domains on either side (Myers et al., 
1987). When a DNA fragment is electrophoresed through a gel containing a linearly 
increasing gradient of denaturants, the fragment remains double stranded until it reaches a 
particular position in the DGGE gel where the concentration of denaturants causes the lowest-
temperature melting domain to melt (Myers et al., 1985; Myers et al., 1987). The denaturing 
gradient in the gel is formed with urea and formamide where a solution of 100% denaturant 
consists of 7 M urea and 40% formamide. The gradient may be formed either perpendicular or 
parallel to the electrophoresis run direction. In this project a parallel gradient gel was used, 
which implies that the gradient and the electric field are parallel to each other (Myers et al., 
1987). Parallel gradient gels are preferable to perpendicular gradient gels when analysis of a 
large number of samples is to be done (Myers et al., 1985). The further down in the gel a 
DNA fragment migrates during electrophoresis the greater the denaturant concentration will 
get, and more and more melting domains will undergo strand dissociation. The denaturant 
concentration that causes a domain to melt corresponds to the Tm of that melting domain. As 
the first domain melts, the DNA fragment undergoes a transition from a double stranded 
helical molecule to a partially melted branched molecule, which sharply decreases the 
mobility of the molecule in the polyacrylamide gel. When the DNA fragment becomes 
partially single stranded and the rapid migration in the gel practically halts, this renders the 
final position of the molecule and also results in sharpening of the band (Myers et al., 1985; 
Myers et al., 1987).  

Since the Tms of the melting domains are sequence specific, base substitutions or greater 
differences within such domains results in changes in the Tm. The different Tms of different 
fragments consequently makes them migrate to and melt at different denaturant 
concentrations in the gel, hence separating the fragments from each other (Myers et al., 1985; 
Sheffield et al., 1989; Muyzer et al., 1993). It might, however, be difficult to detect single 
base substitutions located in the highest temperature melting domain as this would require 
complete denaturation of the DNA molecule into two separated strands. To prevent complete 
strand dissociation, and thereby enable detection of sequence differences in the higher 
temperature melting domains, a sequence consisting of almost solely guanine and cytosine 
can be attached to the DNA sequence to alter the melting properties of the fragment. This 
guanine and cytosine sequence is called a GC-clamp, and it can be added to the DNA as an 
attachment to the 5’-end of one of the PCR primers. Having this additional highly GC-rich 
sequence at the end of the molecule enables the rest of the DNA fragment to become fully 
separated, while the GC-clamp remains double stranded due to a greater bonding strength 
between the multiple G-C pairs than the rest of the sequence. This will allow for detection of 
sequence differences in the highest temperature melting domain that otherwise would not be 
possible to distinguish (Sheffield et al., 1989). However, to get a good melting behaviour of 
the analyzed DNA fragment, it is important to place the GC-clamp on the side of the amplicon 
that has the highest Tm (figure 2).  

Due to the aforementioned sequence specificity of Tm, using DGGE, it is therefore possible to 
separate sequences differing by as little as a single-base substitution (figure 3). If the Tms of 
the analyzed DNA fragments are very much alike, a greater resolution of the separated 
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Figure 2. In order to ensure compatibility of a DNA fragment with DGGE analysis, determination of 
the theoretically best position of the GC-clamp can be done by analysing the melting behaviour of the 
sequence. Left: the GC-clamp has been placed on the side of the DNA fragment that has the lowest 
temperature melting domain, leading to start of melting in the middle of the sequence. Right: the GC-
clamp has been attached to the highest temperature melting domain of the sequence, leading to 
melting of the fragment from one side to the other, and good melting behaviour in DGGE. 

 
Figure 3. A schematic illustration of the principles underlying DGGE. 
When an electric field is applied, DNA fragments migrate through a 
polyacrylamide gel consisting of a linear gradient of denaturants. The 
DNA fragments have the same length, but differ in their base sequences, 
i.e. marked by a star. Due to this difference, the DNA will melt at different 
denaturing concentrations and halt at different positions in the gel. 
Hence, the fragments will be separated. 

fragments can be obtained if a narrower denaturing gradient is used (Myers et al., 1987). 
However, although DNA fragments that end up positioned at the same level in the gel indeed 
have the same melting behaviour, they must not necessarily have the same sequence (Muyzer 
& Smalla, 1998). The only way to truly find out if the fragments have the same base sequence 
is by excising the bands from the DGGE gel, re-amplify the DNA and then sequence the PCR 
products (Muyzer et al., 1993; Muyzer & Smalla, 1998).  
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One of the limitations of DGGE is the separation of only relatively small fragments, up to 
about 500 base pairs (Myers et al., 1985). Another limitation is the fact that DGGE is 
dependent on and limited by a successful PCR reaction, since it is necessary to amplify the 
DNA sequences of interest before application onto the DGGE gel. But, even if the PCR 
reaction is successful and renders a lot of product, if the sample comes from a community 
containing several different species and strains only the predominant ones will be displayed in 
the gel (Muyzer & Smalla, 1998). Studies have shown that populations that make up 1% of 
the total community can be detected by PCR-DGGE (Muyzer et al., 1993). 

As DGGE is a genetic fingerprinting technique which provides genetic patterns or profiles, it 
is possible to study different kinds of diversity. Two examples are detection of mutations 
(Sheffield et al., 1989) and examination of compositions of microbial communities (Muyzer 
& Smalla, 1998). By amplifying genes homologous between different bacterial species and 
thereafter perform separation using DGGE, the species specific differences between the 
studied genes will give rise to a pattern displaying the population diversity – every species 
will have its own final position in the gel as long as the amplified sequence’s melting 
behaviour is unique compared to the others. When studying microbial diversity, DGGE is said 
to be a technique superior to cloning and subsequent sequencing of DNA fragments. This is 
because DGGE provides an immediate display of the constituents of a population in both a 
qualitative as well as a semi-quantitative way (Muyzer et al., 1993), and compared to cloning 
techniques it is easy to simultaneously analyse many different samples (Muyzer & Smalla, 
1998). DGGE also has the advantage of being less time-consuming and laborious since it is 
independent of prior culturing of isolates on selective medium, where the utilized medium 
may favour the growth of some strains and thereby bias the results (Satokari et al., 2001). As 
microbial ecological studies often requires sampling at different time points, simultaneous 
analysis of samples using DGGE makes it possible to monitor community behaviour over 
periods of time. This might be especially interesting when trying to determine the fate of 
microbial communities in cases of intentional or unintentional environmental changes 
(Muyzer & Smalla, 1998). A number of studies of microbial diversity in fecal samples from 
both children and adults have been conducted using PCR-DGGE.  
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Materials and methods 

Study subject fecal samples 
The study subject fecal samples analyzed in the present study are listed in table 2. These 
samples were retrieved from the study by Abrahamsson et al. (2007), which was a prospective 
double-blind, placebo-controlled, multicenter trial conducted at the Department of Paediatrics 
in the county hospitals of Jönköping, Norrköping, and Motala and the University Hospital in 
Linköping, Sweden. The study was performed by Abrahamsson et al. (2007) between January 
2001 and April 2003. A total of 232 families with one or more family members with allergic 
disease (i.e. atopic eczema, asthma, gastrointestinal allergy, allergic urticaria or allergic 
rhinoconjunctivitis) were recruited, of which 188 families completed the 24 month long study. 
The expecting mothers started taking L. reuteri ATCC 55730 (BioGaia AB, Stockholm, 
Sweden) or placebo 4 weeks before calculated delivery and continued taking it daily until 
their babies were born. After birth, each baby daily got the same study product (L. reuteri or 
placebo) as the mother up to 12 months of age, with the daily dose of L. reuteri corresponding 
to 108 colony forming units. Fecal samples were taken from the mother the week after 
delivery and from the infants at 1 week and at 1, 3, 6, 12 and 24 months of age. During the 
study period the families were requested not to use any other probiotic products 
(Abrahamsson et al., 2007).  

Study subject fecal samples analyzed in the present study were taken from the mothers the 
week after delivery and from the infants at 1 week and at 12 and 24 months of age (table 2). 
The isolated DNA from the fecal samples was stored at -20°C.  

Bacterial reference strains and test fecal samples  
All bacterial strains used in this study are listed in table 3. Lactobacillus strains were kindly 
provided by Stefan Roos (Department of Microbiology, SLU, Uppsala) and E. coli, 
Bifidobacteria and Enterococcus strains were provided by Stefan Börjesson (Department of 
Clinical and Experimental Medicine, Division of Medical Microbiology, Linköping 
University, Linköping). In the same table, fecal samples used for testing and evaluating 
primers and PCR/DGGE programs are listed. The test fecal samples were obtained from three 
different infants at the age of 14-18 months, and bacterial strains detected in these samples 
were not included in the results from this study. The isolated DNA from all reference strains 
and fecal samples was stored at -20°C. 
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Table 3. Bacterial strains and test fecal samples used for testing and evaluation of primers and 
PCR/DGGE programs. An identification ladder containing all Lactobacillus strains were used for 
identification of bands when running fecal samples in DGGE 

Reference strains Strain No. Additional reference strainsa,c Strain No. 
Bifidobacterium scardoviia Kx 135 C1 Lactobacillus acidophilus ATCC 4356 
Escherichia colib ATCC 25922 Lactobacillus buchneri ATCC 4005 
Enterococcus casseliflavusb ATCC 25788 Lactobacillus pentosus DSM 20314 
Enterococcus faecalisb ATCC 29212 Lactobacillus reuteri d ATCC 55730 
Enterococcus faeciumb ATCC 35667 Lactobacillus vaginalis Kx 134 A1 
Enterococcus gallinarumb ATCC 49573   
Lactobacillus caseia Kx 169 A5   
Lactobacillus crispatusa Kx 156 C3 Test fecal samples Age (months) 
Lactobacillus fermentuma Kx 338 A2 1:1 18 
Lactobacillus gasseria Kx 126 A4 1:2 18 
Lactobacillus johnsoniia R9.15 2:1 17 
Lactobacillus mucosaea S32 2:2 17 
Lactobacillus orisa Kx 169 A2 3:1 14 
Lactobacillus paracaseia F19 3:2 14 
Lactobacillus plantaruma CP 256 

  Lactobacillus reuteria ATCC PTA 6475 
  Lactobacillus rhamnosusa Kx 180 C9 
  Lactobacillus salivariusa Kx 166 A1     

a Provided by Stefan Roos (Department of Microbiology, SLU, Uppsala) 
 b Provided by Stefan Börjesson (Department of Clinical and Experimental Medicine, Division of Medical 

Microbiology, Linköping University, Linköping) 
c Added at the end of the study 

   d Same strain as supplemented in the study conducted by Abrahamsson et al. (2007) 
 ATCC, American Type Culture Collection 

  CP, strain isolated by Carsten Pedersen at the laboratory of Stefan Roos 
  DSM , Deutsche Sammlung von Mikroorganismen 
  Kx, Kalix (location of sampling) 
   

Table 2. Study subject fecal samples analyzed in this study. Samples were 
retrieved from the study by Abrahamsson et al. (2007) 

  
Retrieval of samplesa 

Sample number M birth B birth B 12 months B 24 months 
142  mα1 bα1 bβ1 bγ1 
317  mα1 not available bβ1 bγ1 
366 † mα1 bα1 bβ1 bγ1 
403 †  mα1 bα1 bβ1 bγ1 
408 †  mα1 bα1 bβ1 bγ1 
415 †  mα1 bα1 bβ1 bγ1 
421 † mα1 bα1 bβ1 bγ1 
430  mα1 bα1 bβ1 bγ1 
431 †  mα1 bα1 bβ1 bγ1 

a Time count from delivery of the baby: 
  α: within 1 week after delivery 

   β: 12 months after delivery 
   γ: 24 months after delivery 
   † DNA from excised DGGE bands extracted and sequenced 
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Table 4. Previously detected Lactobacillus species found in human fecal samples from adults 
and infants 

 Origin of faeces 
Lactobacillus species Infant Reference Adult Reference 

L. acidophilus + 3 10 11 13 + 1 5 6 8 9 
L. brevis + 10 + 5 6 7 
L. buchneri + 10 + 7 
L. casei + 9 11 13 + 2 5 6 7 8 9 
L. crispatus + 12 + 1 4 5 8 9 
L. curvatus –  + 8 
L. delbrueckii + 10 12 13 + 5 9 
L. fermentum + 10 12 13 + 1 4 6 7 9 
L. fructivorans –  + 8 
L. gasseri + 3 12 + 4 5 6 7 9 
L. mucosae + 11 –  
L. paracasei + 3 10 12 13 + 2 4 9 
L. pentosus + 11 –  
L. plantarum + 10 11 12 13 + 1 2 4 5 6 7 8 
L. reuteri + 3 12 13 + 2 4 6 7 
L. rhamnosus + 3 9 12 13 + 1 2 4 9 
L. ruminis + 11 + 5 6 9 
L. sakei –  + 8 9 
L. salivarius + 9 10 11 12 + 2 4 5 6 7 9 
L. vaginalis –  + 2 9 

1, McCartney et al., 1996; 2, Ahrné et al., 1998; 3, Xanthopoulos et al., 1999; 4, Song et al., 2000; 5, 
Tannock et al., 2000; 6, Walter et al., 2000; 7, Reuter, 2001; 8, Walter et al., 2001; 9, Heilig et al., 2002; 
10, Mikelsaar et al., 2002; 11, Satokari et al., 2002; 12, Ahrné et al., 2005; 13, Haarman & Knol, 2006 

 

Design of primers targeting the 16S rDNA region of lactobacilli 
To investigate the diversity of Lactobacillus species in the intestinal microflora, Lactobacillus 
spp. specific primers were needed in order to perform the PCR amplification. Relevant 
primers amplifying the 16S rRNA coding gene, and the 16S/23S rRNA gene spacer region, 
available in the literature (Tilsala-Timisjärvi & Alatossava, 1997; Berthier & Ehrlich, 1998; 
Song et al., 2000; Tannock et al., 2000; Walter et al., 2001; Dubernet et al., 2002; Heilig et 
al., 2002; Rachman et al., 2003; Rinttilä et al., 2004; Haarman & Knol, 2006; Abu Al-Soud et 
al., 2008) were examined using the basic local alignment and search tool (BLAST). All but 
one (Abu Al-Soud et al., 2008) of the analyzed primer pairs failed to return satisfying search 
results in question of hits and e-value: several bacterial species other than Lactobacillus were 
frequently seen in the lists of hits and the e-values were too high. Therefore, the decision was 
made to design new primers, targeting the 16S rRNA coding gene.  

In order to design primers for the PCR, a database of 16S rDNA genomic sequences from 
different Lactobacillus species were collected. The species that were included in the database 
had all previously been detected in fecal samples from humans, where the majority had been 
found in studies of both infants and adults (table 4). However, two of the lactobacilli species 
had been encountered in infants only (L. mucosae and L. pentosus) and four in adults only (L. 
curvatus, L. fructivorans, L. sakei and L. vaginalis). The 16S rDNA sequences were acquired 
using accession numbers of submitted sequences in the literature (Falsen et al., 1999; Dobson 
et al., 2002; Byun et al., 2004; Koort et al., 2004; Settanni et al., 2005; Ahmed et al., 2007; 
Plengvidhya et al., 2007) and searches in the NCBI database GenBank. Later, a number of 
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Table 5. Primers targeting the 16S rRNA gene that were tested and utilized in PCR amplification 
and DGGE 

Primer Type (F/R) Sequence (5'  3') Length (bp) Source 
Lfor F TGGAAACAGRTGCTAATACCG 21 This study 
L1rev R GCTGCTGGCACGTAGTTAGCC 21 This study 
L2rev R CACCGCTACACATGGAGTTC 20 This study 
L3rev R CTTGCCACCTACGTATTACCG 21 This study 
LacF F AGCAGTAGGGAATCTTCCACAA 22 1 
LacR R CACCGCTACACATGGAGTTCCACT 24 1 
LacFor F AGCAGTAGGGAATCTTCCACAATGGRCG 28 This study 

GC-clamp: 5'-CGCCGGGGGCGCGCCCCGGGCGGGGCGGGGGCACGGGGGG-3' 2 
     Primer pair Primers (F + R) Amplicon size (bp) 

    
L1 Lfor + L1rev 381 
L2 Lfor + L2rev 546   
L3 Lfor + L3rev 408   
Lac LacF + LacR 341   
LacR Lfor + LacR 546   
LacF LacF + L2rev 341   
LF LacFor + L2rev 341   
LFR LacFor + LacR 341     

1, Abu Al-Soud et al., 2008; 2, Heilig et al., 2002 
   

16S rDNA sequences belonging to different Bifidobacteria, Enterococcus and E. coli were 
added to the database. Altogether, the database consisted of 93 sequences. A list of all 
accession numbers of the used 16S rDNA sequences along with source of retrieval (article or 
GenBank) can be found in appendix A.  

The acquired sequences were aligned against each other using ClustalW2 (Larkin et al., 2007) 
and the retrieved alignment files were analyzed using Jalview 2.3 (Clamp et al., 2004). 
Evolutionary conserved regions, about 17-25 bases long, in the Lactobacillus sequences were 
located. The Lactobacillus specificity of potential primer pairs generating amplicons in the 
size range 300-600 bp were evaluated using BLAST. Primer pairs generating low e-values 
and targeting almost only lactobacilli were further examined: the melting temperature of the 
primers and their potential in forming hairpins, self-dimers and primer-dimers were evaluated 
using Oligo Analyzer 3.0 (Integrated DNA Technologies, Coralville, IA) and Oligonucleotide 
Properties Calculator 3.23 (Northwestern University, Chicago, IL). To ensure compatibility 
with DGGE analysis, melting behavior of potential primer pairs and their amplicons of the 
different Lactobacillus species in the generated database, were analyzed using WinMelt 
2.0.13 (Bio-Rad Laboratories, Hercules, CA). In this step, the theoretically best position of the 
GC-clamp was determined.  

The final primers that were tested and utilized in PCR amplification and DGGE are listed in 
table 5. Among these primers, the primer pair from Abu Al-Soud et al. (2008), which returned 
satisfying search results when assessed using BLAST, was also included. In the table the 
name of the primers, their sequences, their lengths, type of primer (forward or reverse), and 
the resulting amplicon length of the primer pairs are listed. In addition, the 40 bp long GC-
clamp from Heilig et al. (2002) is included. All primers were synthesized commercially by 
Invitrogen (Invitrogen Corporation, Carlsbad, CA).  
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PCR amplification 

PCR reaction mixture 
The reaction mixture for one 50µl PCR reaction consisted of 36.62 µl RNase-free water, 5.0 
µl 10x Expand High Fidelity Buffer (Roche Diagnostics GmbH, Mannheim, Germany), 1.0 µl 
dNTP (10 mM), 1.0 µl of each primer (10, 20 or 40 µM), 0.38 µl Expand High Fidelity 
Enzyme Mix (3.5 U/µl) (Roche Diagnostics GmbH) and 5.0 µl template DNA. Genomic 
DNA from pure reference strains and test fecal samples (table 3) was used as template DNA 
in evaluation and selection of the final primer pair. All primers displayed in table 5 were 
tested. Amplification for DGGE analysis was performed using a GC-clamp attached to the 5’-
end of one of the primers.  

Amplification of study subject fecal samples for DGGE analysis 
When amplifying study subject fecal samples for DGGE analysis, the same PCR reaction 
mixture was used but with the following differences. An additional 5.0 µl MgCl2 Stock 
Solution (25 mM) (Roche Diagnostics GmbH) were added to the reaction mixture in 
exchange for an equal amount of RNase-free water. The final MgCl2 concentration was 4.0 
mM. Furthermore, 20 µM of primers were used, with one of the primers having a GC-clamp 
attached to the 5’-end.  

PCR program 
Amplification was performed using a PTC-100™ thermal cycler (MJ Research, Waltham, 
MA) and the following thermal cycling program: predenaturation at 93°C for 2 min; 30 cycles 
of 93°C for 30 s, 59°C for 30 s, and 72°C for 1 min; and a final elongation step of 72°C for 30 
min. Verification of PCR products was performed using agarose gel electrophoresis. PCR 
products were run on 2% agarose gels for 50 min at 110 V, and thereafter visualized with 
ethidium bromide staining in darkness, followed by exposure to UV light using Fluor-S™ 
MultiImager (Bio-Rad Laboratories, Hercules, CA). Images were obtained and analyzed using 
the Quantity One 4.6 software (Bio-Rad).  

DGGE analysis of PCR amplicons 
DGGE separation of amplified DNA was performed using the DCode Universal Mutation 
Detection System from Bio-Rad. The polyacrylamide gels consisted of 6.5% (vol/vol) 
polyacrylamide (37.5:1 acrylamide:bisacrylamide) and 1x gel running buffer. A 100% 
denaturing acrylamide solution was defined as containing 7 M urea and 40% formamide. A 
parallel denaturing gradient of 45 to 70% was utilized for separation of the generated 
amplicons. In each well of the polyacrylamide gel, a volume of 5-15 µl of PCR product mixed 
with an equal volume of 40% neutral loading solution was loaded. An identification ladder, 
containing all available Lactobacillus reference strains (table 3), was used for identification of 
bands in fecal samples. The electrophoresis was performed at 90 V for 16 h in a 1x gel 
running buffer bath at a constant temperature of 60°C.  

Visualization of bands in DGGE gels was made by staining the gels with a mixture of 15 ml 
1x gel running buffer and 6.9 µl 10000x SYBR® Gold in DMSO (Invitrogen). After 
incubation in darkness for 40 min, gels were exposed to UV light and visualized using Fluor-
S™ MultiImager (Bio-Rad). Images were obtained and analyzed using Quantity One 4.6 
(Bio-Rad). 
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Extraction and sequencing of DNA from excised DGGE bands 
Extraction of DNA from excised DGGE bands was performed using a freeze-thawing 
program. Immediately after excision, DGGE bands were put in 0.5 ml of distilled water and 
thereafter frozen in -80°C, at least overnight. The samples were then thawed for 1 h in room 
temperature, briefly vortexed and then frozen in -80°C again, this time for 1 h. As a last step 
of the freeze-thawing program, the samples were thawed in a 4°C refrigerator for 3-4 h and 
briefly vortexed once during this time. The extracted DNA was then amplified using the same 
PCR program and mixture as described earlier but with 35 cycles. Primers used were the same 
as had been used in the preceding PCR to amplify samples for DGGE analysis, but with no 
GC-clamps, and they were in 10 µM concentration. Verified PCR products were dried in an 
Eppendorf Concentrator 5301 vacuum centrifuge (Eppendorf AG, Hamburg, Germany) and 
then resuspended in 25 µl of RNase-free water and sent to Macrogen Inc. (Macrogen Inc., 
Seoul, South Korea) for sequencing. Evaluation of retrieved sequencing results was made 
using Chromas Lite 2.01 (Technelysium Pty Ltd, Tewantin, Australia), ClustalW2 (Larkin et 
al., 2007) and BLAST.  
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Results 

Evaluation of primers 

Created and evaluated primers 
The procedure of designing primers resulted in 4 novel ones: Lfor, L1rev, L2rev and L3rev 
(table 5). Combinations of these primers resulted in three primer pairs, giving suitable 
amplicon lengths: L1, L2 and L3. These three pairs and the primer pair Lac from Abu Al-
Soud et al. (2008) were the first primer pairs to be evaluated. Later on, a longer variant of the 
primer LacF was created (LacFor) and different combinations of the forward and reverse 
primers were tested.  

Testing of all the primers, without a GC-clamp 
In the first round of evaluation, primer pairs L1, L2, L3 and Lac in 10 µM were tested against 
5 different Lactobacillus reference strains: L. paracasei, L. plantarum, L. reuteri, L. 
rhamnosus and L. salivarius (table 3). They were also tested against E. coli. All primer pairs 
were able to detect the lactobacilli strains and present a high product yield, and three of the 
pairs managed to avoid amplifying E. coli. The pair that amplified E. coli, primer pair L1, was 
discarded from further analysis. Next, primers were tested against Bifidobacterium scardovii 
and 4 different strains of enterococci: Enterococcus casseliflavus, E. faecalis, E. faecium and 
E. gallinarum. None of the primer pairs amplified B. scardovii. Primer pair L2 amplified the 
enterococci strains and was therefore also discarded from further analysis. A compilation of 
the outcome of these aforementioned PCR runs is shown in figure 4. 

As L3 and Lac were submitted to further analysis, an extra band in the agarose gel was 
starting to show above the correct band in amplification using the Lac primer pair. This 
problem was tried to be solved using different approaches: changing the primer concentration; 
using brand new ingredients in the PCR reaction mixture in case of earlier contamination; and 
several runs of touchdown PCR. However, the extra band sustained (data not shown). In an 
attempt to get rid of the extra band, a second round of primer design resulted in an, at the 3’-
end, extended version of the LacF primer: the 6 bp longer primer LacFor. This primer and 
primers LacF, LacR, Lfor and L2rev were then tested in different combinations resulting in 
primer pairs LacR, LacF, LF and LFR (table 5). Note that, since LacFor is 6 bp longer than 
LacF on the 3’-end and LacR is 4 bp longer than L2rev on the 3’-end, combinations of these 
forward and reverse primers should give the same amplicons. As seen in figure 5, agarose gel 
analysis of the different combinations of primers showed that primer pairs LacR, LacF and LF 
were able to detect lactobacilli and avoid detecting E. coli, B. scardovii and different strains 



RESULTS 

30 
 

 
Figure 4. Evaluation of primer pairs L1, L2, L3 and Lac. All four tested primer pairs were 
able to detect selected lactobacilli strains with high product yield (lanes 1-5, 7-11, 15-19 and 
26-30). L1 also amplified Escherichia coli (lane 6) which L2, L3 and Lac did not (lanes 12, 
20 and 31). None of L2, L3 or Lac amplified Bifidobacterium scardovii (lanes 13, 21 and 32). 
L2 amplified Enterococcus casseliflavus (lane 14) whereas L3 and Lac did not amplify 
anyone of the enterococci strains (lanes 22-25 and 33-36).  

of enterococci. The product yields were good and no extra bands were showing. The fourth 
primer pair, LFR, amplified enterococci (data not shown) and was therefore discarded from 
further analysis.  
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Figure 5. Evaluation of primer pairs LacR, LacF and LF. All three primer pairs were able to 
detect selected lactobacilli strains (lanes 1-3, 10-12 and 17) and avoid amplifation of 
Escherichia coli (lanes 4 and 13), Bifidobacterium scardovii (lanes 5 and 14) and 
enterococci (lanes 6-9, 15-16 and 18). 

Evaluation of primers, with a GC-clamp attached 
In conclusion, primer pairs that were selected for further analysis were the following: L3, 
LacR, LacF and LF. These were submitted to PCR analysis using a 40 bp GC-clamp attached 
to the 5’-end of either of the two primers in the different pairs. However, before running PCR 
using the GC-clamp, melting behavior of the different primer pairs and their respective 
amplicons of different lactobacilli strains were analyzed using WinMelt 2.0.13 (Bio-Rad 
Laboratories, Hercules, CA). For accession numbers of lactobacilli strain sequences utilized 
in this analysis see appendix A. The theoretically best primer to place the GC-clamp at was 
the reverse primer for primer pairs LacF, LF and LacR, and the forward primer for L3. PCR 
using these four primer pairs, in 10 µM, was conducted on DNA from reference strains E. 
casseliflavus, E. faecalis, L. crispatus, L. gasseri, L. mucosae, L. paracasei and L. plantarum 
(table 3). Gel analysis of received PCR products still showed that all primer pairs had only 
amplified the selected lactobacilli strains and not the enterococci (data not shown). High 
yields of PCR products were received for primer pairs LacF-GC and LF-GC, with the latter 
one giving the strongest signal in the agarose gel. However, product yields became very low 
when using GC-L3 and almost nonexistent for LacR-GC. In an attempt to improve the 
product yield for these primer pairs, 20 and 40 µM of the primers were tested: yields for GC-
L3 did not show any improvement at all, whereas yields for LacR-GC became slightly better 
using 20 µM (data not shown).  

Consequently, LacR-GC in 20 µM and LacF-GC and LF-GC, both in 10 µM, were evaluated 
against the test fecal samples (table 3). With a view to investigate whether amplification using 
GC-clamped primers resulted in lower product yields than when using primers without GC-
clamp, both primer pair sets were used (data not shown). Amplification using the two LF 
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primer pairs gave the highest yield, and there were no differences in yield in comparison 
between LF and LF-GC. Also, product yields from amplifying test fecal samples were as high 
as when amplifying pure lactobacilli reference strains. This was not the case when 
considering the LacR and LacR-GC primer pairs: strongest products were received when 
amplifying pure lactobacilli reference strains, compared to test fecal samples. Furthermore, 
PCR products from using LacR-GC were very much weaker than when using the LacR primer 
pair, even though LacR-GC was used in 20 µM and LacR in 10 µM. Using the LacF and 
LacF-GC primer pairs also resulted in better product yields when amplifying pure lactobacilli 
reference strains compared to test fecal samples, which returned weak yields. As in the case of 
LF and LF-GC, there were no particular differences when comparing product yields between 
LacF and LacF-GC.  

Since LacR-GC presented much lower product yield than LacR did (even though the former 
primer pair was in twice the concentration), and LacF-GC and LF-GC did not do that 
compared to LacF and LF respectively, the decision was made to discard LacR and continue 
evaluating the two other primer pairs in DGGE. In addition, comparisons between the melting 
behavior of LacR-GC and LacF-GC/LF-GC (LacF and LF have the same amplicons) showed 
a much better melting behavior for LacF-GC/LF-GC. This was due to the fact that the LacR-
GC amplicons started melting in the middle of the sequence, whereas the LacF-GC/LF-GC 
amplicons started melting in one end.  

Before evaluation of LacF-GC and LF-GC in DGGE, PCR amplification of all available 
Lactobacillus strains (not the additional strains, which were not available at that time) was 
conducted using 10 µM primers (table 3). Both LacF-GC and LF-GC amplified all 12 strains 
and yielded much product. However, LF-GC returned better product yield than LacF-GC 
(figure 6). In an attempt to simulate a real fecal sample, containing many different bacterial 
species, two mixes of all Lactobacillus strains were prepared and amplified using the two 
primer pairs. The two mixes had a 1:5 difference in total amount of template DNA. Gel 
analysis of PCR products showed no difference in yield when comparing the two different 
mixes to each other, but as seen earlier in figure 6, yields were better for LF-GC than for 
LacF-GC (data not shown).  
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Figure 6. Both primer pairs LacF-GC (left) and LF-GC (right) amplified selected Lactobacillus strains 
and returned high product yields. However, amplification using LF-GC resulted in the highest yields. 
Amplified strains are: 1, L. salivarius Kx 166 A1; 2, L. casei Kx 169 A5; 3, L. crispatus Kx 156 C3; 4, L. 
oris Kx 169 A2; 5, L. reuteri ATCC PTA 6475; 6, L. rhamnosus Kx 180 C9; 7, L. fermentum Kx 338 A2; 
8, L. plantarum CP 256; 9, L. gasseri Kx 126 A4; 10, L. mucosae S32; 11, L. paracasei F19; 12, L. 
johnsonii R9.15. 

Evaluation of primers using DGGE 
When running all Lactobacillus reference strains amplified using LF-GC, at least 3 bands for 
each strain were seen (figure 7). As seen in the figure, bands from L. plantarum and L. 
paracasei ended up in the same height in the gel. In the same DGGE, the two mixes of all 
Lactobacillus reference strains plus 2 test fecal samples were also run. No differences were 
showing between the two lactobacilli mixes, and not so many bands were visible. It was 
difficult to see which band belonged to which lactobacilli strain, since multiple bands were 
showing for the pure strains. This was not the case when running the same reference strains 
amplified using LacF-GC, which generally showed only one band per strain. Exceptions were 
the strains L. reuteri, L. mucosae and L. rhamnosus, which showed 3, 5 and 2 separate bands 
respectively (figure 8). As seen in the figure, bands from L. plantarum and L. paracasei ended 
up in the same place in the gel and could therefore not be differentiated from each other, if it 
had not been previously known which sample were loaded on to which well. All other 
lactobacilli strains did, however, migrate to different places in the gel, and could thus be 
distinguished from each other. As in the case of LF-GC, the same DGGE run also included 
the two mixes of all Lactobacillus reference strains plus one test fecal sample. There were no 
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Figure 7. DGGE evaluation of 16S rDNA sequences amplified using primer pair LF-GC, with a 6.5% 
polyacrylamide 45-70% denaturing gradient gel. The 12 Lactobacillus reference strains used were 
amplified separately and in two mixes containing all 12 strains. The mixes had a 1:5 difference in total 
amount of template DNA for the PCR (mix L0 and mix L1:5). Also, two test fecal samples were run. In 
the lanes are: 1, L. plantarum CP 256; 2, L. paracasei F19; 3, L. johnsonii R9.15; 4, L. gasseri Kx 126 
A4; 5, L. fermentum Kx 338 A2; 6, L. salivarius Kx 166 A1; 7, L. crispatus Kx 156 C3; 8, L. oris Kx 169 
A2; 9, L. reuteri ATCC PTA 6475; 10, L. mucosae S32; 11, L. rhamnosus Kx 180 C9; 12, L. casei Kx 
169 A5; 13, mix L0; 14, mix L1:5; 15, test fecal sample 1:1; 16, test fecal sample 2:1. No differences 
can be seen between the two lactobacilli mixes, and few bands are visible. At least 3 bands for every 
pure lactobacilli strain are seen. The test fecal samples show several bands. 

differences between the two lactobacilli mixes, and there were no doubts about which band 
originated from which lactobacilli strain, even though most of the bands were extremely 
weak. As for the test fecal sample only one, hardly visible, band could be seen. This was 
however not surprising, considering the fact that this sample had not yielded a very strong 
signal when run in an agarose gel earlier.  
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Figure 8. DGGE evaluation of 16S rDNA sequences amplified using primer pair LacF-GC, with a 
6.5% polyacrylamide 45-70% denaturing gradient gel. The 12 Lactobacillus reference strains used 
were amplified separately and in two mixes containing all 12 strains. The mixes had a 1:5 difference in 
total amount of template DNA for the PCR (mix L0 and mix L1:5). Also, one test fecal sample was run. 
In the lanes are: 1, L. plantarum CP 256; 2, L. paracasei F19; 3, L. johnsonii R9.15; 4, L. gasseri Kx 
126 A4; 5, L. fermentum Kx 338 A2; 6, L. salivarius Kx 166 A1; 7, L. crispatus Kx 156 C3; 8, L. oris Kx 
169 A2; 9, L. reuteri ATCC PTA 6475; 10, L. mucosae S32; 11, L. rhamnosus Kx 180 C9; 12, L. casei 
Kx 169 A5; 13, mix L0; 14, mix L1:5; 15, test fecal sample 1:2. No differences can be seen between 
the two lactobacilli mixes, and few bands are visible. The test fecal sample shows only one weak 
band, as is indicated by the arrow. 

When comparing figures 7 and 8 it was apparent that, even though use of LF-GC had returned 
a higher PCR product yield than when using LacF-GC, LacF-GC showed clearer and more 
easily interpreted results. Amplification using LacF-GC did however return some extra bands 
and a smear in almost every sample, located at the same height in all samples. Still, the 
decision was made to select LacF-GC as the final primer pair to use in analysis of the study 
subject fecal samples. 
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Figure 9. Evaluation of PCR amplification using 
different combinations of MgCl2 and primer 
concentration. Primer pair LacF-GC was used. A mix of 
12 lactobacilli reference strains, in 1:5 dilution, was 
used as template DNA. Lanes 1-3: 1.5 mM MgCl2 and 
10, 20, and 40 µM primers. Lanes 4-6: 2.5 mM MgCl2 
and 10, 20, and 40 µM primers. Lanes 7-9: 4.0 mM 
MgCl2 and 10, 20, and 40 µM primers. Strongest 
product yield were received for lanes 3, 5, 6 and 9. 

Further development of the method using the final primer pair LacF-
GC 
Since the primer pair LacF-GC had not returned especially high product yields in 
amplification of samples containing many different bacterial species (i. e. mixes of different 
Lactobacillus strains and test fecal samples, respectively), the decision was made to try to 
optimize the PCR reaction mixture to receive better product yields. Modifications of the PCR 
reaction mixture were made by changing the MgCl2 concentration to 2.5 mM and 4.0 mM, 
and the primer concentration to 20 µM and 40 µM. Original concentrations were 1.5 mM for 
MgCl2 and 10 µM for primers. Different combinations of MgCl2 and primer concentrations 
were tested using the 1:5 dilution of the mixed lactobacilli strains as template DNA. Agarose 
gel analysis of the PCR products showed that the following combinations returned the highest 
yields: 1.5 mM MgCl2 and 40 µM primers; 2.5 mM MgCl2 and 20 µM primers; 2.5 mM 
MgCl2 and 40 µM primers; and 4.0 mM MgCl2 and 40 µM primers (figure 9). DGGE analysis 
of these four samples showed that 1.5 mM MgCl2 and 40 µM primers gave somewhat more 
blurred bands, whereas the three later combinations provided sharper bands (data not shown). 
No differences were to be seen between these three samples. Therefore, the combination 
containing the lowest amount of MgCl2 and primers was decided to be further evaluated. 
Compared to figure 8, more bands were showing this time. In addition, the earlier mentioned 
extra bands and smear that previously had been seen for LacF-GC, this time seemed to be less 
visible than before. However, several of the actual lactobacilli bands were still very weak.  

In an attempt to try to make all strains in the lactobacilli mix to be amplified to about the same 
quantity, the amount of template DNA for the strains that had had the weakest bands in the 
DGGE gel were doubled. These strains were L. casei, L. crispatus, L. mucosae, L. oris, L. 
reuteri (ATCC PTA 6475) and L. rhamnosus. For this reaction, 2.5 mM MgCl2 and 20 µM 
primers were used. The test fecal samples were also amplified using this PCR reaction 
mixture. PCR product yields were very weak for the test fecal samples, but strong for the 
lactobacilli mix. When run in DGGE, almost no bands were showing for the test fecal samples 
(figure 10). The lactobacilli mix on the other hand, showed somewhat stronger bands for the 
Lactobacillus strains whose template DNA had been doubled for the PCR. The intensity of 
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Figure 10. DGGE evaluation of PCR amplification using 2.5 
mM MgCl2 and 20 µM of primer pair LacF-GC. A 6.5% 
polyacrylamide gel with a 45-70% denaturing gradient was 
used. An altered mix of the 12 lactobacilli reference straines, in 
1:5 dilution, was used as template DNA (mix L1:5x) along with 
test fecal samples in different dilutions. Lanes: 1, mix L1:5x; 2-
3, test fecal sample 1:2 in 1:5 and 1:10 dilution; 4-5, test fecal 
sample 2:2 in 1:5 and 1:10 dilution; 6-7, test fecal sample 3:2 in 
1:5 and 1:10 dilution. No differences can be seen between the 
two dilutions of each test fecal sample.  

the bands were however still to widespread. For the next PCR, two different reaction mixtures 
were evaluated: one containing 4.0 mM MgCl2 and 20 µM primers, and one containing 4.0 
mM MgCl2 and 40 µM primers. The same samples were used (test fecal samples and 
lactobacilli mix with double amount template DNA of L. casei, L. crispatus, L. mucosae, L. 
oris, L. reuteri (ATCC PTA 6475) and L. rhamnosus). Analysis on agarose gel showed strong 
PCR product yields for all samples. In the DGGE analysis, the test fecal samples displayed 
several bands (figure 11). There were no differences between samples amplified using 20 or 
40 µM primers. The decision was made to use 4.0 mM MgCl2 and 20 µM primers in analysis 
of study subject fecal samples.  
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Figure 11. DGGE evaluation of PCR amplification using two different 
master mixes: 4.0 mM MgCl2 and 20 µM of primer pair LacF-GC (M1), and 
4.0 mM MgCl2 and 40 µM of primer pair LacF-GC (M2). A 6.5% 
polyacrylamide gel with a 45-70% denaturing gradient was used. An 
altered mix of the 12 lactobacilli reference straines, in 1:5 dilution, was 
used as template DNA (mix L1:5x) along with test fecal samples in different 
dilutions. Lanes: 1-2, mix L1:5x (M1 and M2); 3-4, test fecal sample 1:2 in 
1:5 dilution (M1 and M2); 5-6, test fecal sample 1:2 in 1:10 dilution (M1 and 
M2); 7-8, test fecal sample 2:2 in 1:5 dilution (M1 and M2); 9-10, test fecal 
sample 2:2 in 1:10 dilution (M1 and M2);11-12, test fecal sample 3:2 in 1:5 
dilution (M1 and M2); 13-14, test fecal sample 3:2 in 1:10 dilution (M1 and 
M2). No differences can be seen when comparing the same samples 
amplified using M1 or M2. No differences can be seen between the two 
dilutions of each test fecal sample. 

As for the lactobacilli mix, in figure 11 no particular differences could be seen compared to 
figure 10. Although the earlier mentioned extra bands and smear that had been seen 
previously now were more or less gone, it was still decided that in creation of a Lactobacillus 
identification ladder, for identification of bands in fecal samples in DGGE, all strains should 
be amplified separately. This was to ensure that similar amounts of PCR product were loaded 
onto the DGGE gel, giving identification bands of equal intensity. An example of the final 
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Figure 12. DGGE of 16S rDNA sequences from all available Lactobacillus reference 
strains with a 6.5% polyacrylamide 45-70% denaturing gradient gel. PCR 
amplification was conducted using 4.0 mM MgCl2 and 20 µM of primer pair LacF-
GC. Lanes: 1, L. pentosus DSM 20314; 2, L. paracasei F19; 3, L. plantarum CP 
256; 4, L. johnsonii R9.15; 5, L. gasseri Kx 126 A4; 6, L. acidophilus ATCC 4356; 7, 
L. fermentum Kx 338 A2; 8, L. salivarius Kx 166 A1; 9, L. crispatus Kx 156 C3; 10, 
L. vaginalis Kx 134 A1; 11, L. buchneri ATCC 4005; 12, L. oris Kx 169 A2; 13, L. 
mucosae S32; 14, L. rhamnosus Kx 180 C9; 15, L. casei Kx 169 A5; 16, L. reuteri 
ATCC PTA 6475; 17, L. reuteri ATCC 55730; 18, mix of all Lactobacillus reference 
strains from lanes 1 to 17, in equal amounts.  

identification ladder and all available Lactobacillus reference strains (including the additional 
lactobacilli strains) can be viewed in figure 12. Comparison between figure 8 and figure 12 
did, however, show that the increased MgCl2 and primer concentration had reduced the 
intensity of the extra bands and smear. As seen in figure 12, almost all utilized lactobacilli 
strains could be separated from each other, except for L. paracasei, L. pentosus and L. 
plantarum. Those three strains migrated to the same place in the DGGE gel. When run 
together, there were also difficulties in distinguishing the two L. reuteri strains from each 
other. Both of them showed multiple bands when run separately, but when run together with 
all the other strains only one of the bands remained visible. This was also the case for L. 
buchneri, L. mucosae, L. rhamnosus and L. vaginalis.  
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Figure 13. PCR amplification of study subject fecal sample numbers 366, 403, 408 and 415. 
Amplification was conducted using 4.0 mM MgCl2 and 20µM of primer pair LacF-GC. 
Comparisons of product yields from samples having the same sample number, show that 
highest yields were received for bα1 samples. Generally, compared to the bα1 samples, 
amounts of yielded product gradually decreased to the bβ1 and bγ1 samples.  

Analysis of study subject fecal samples 

PCR amplification of study subject fecal samples 
Study subject fecal samples listed in table 2 were amplified using 4.0 mM MgCl2 and 20 µM 
of the primer pair LacF-GC. Different levels of product yields were received, as is 
demonstrated in figure 13. When comparing the different sample types, the samples taken 
from the infants during their first week of life (bα1) had generally resulted in the highest 
product yields. Compared to the bα1 samples, product yields were gradually decreased in the 
bβ1 and bγ1 samples. For one sample, 142 bβ1, almost no PCR product was retrieved (data 
not shown). Two more attempts were made to receive PCR products from this sample, but 
none of the PCR runs yielded any product.  
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Table 6. Number of bands visible when running DNA 
amplified from study subject fecal samples on DGGE. 
Study subject fecal samples were retrieved from the study 
by Abrahamsson et al. (2007) 

  Number of bands 
Sample number mα1 bα1 bβ1 bγ1 

142  6 7 1 6 
317  6 – ‡ 4 5 
366 †  4 7 5 6 
403 †  6 6 6 6 
408 †  9 6 6 5 
415 †  7 4 9 7 
421 † 8 6 7 6 
430  9 7 3 5 
431 †  8 5 4 4 

† DNA from excised DGGE bands extracted and sequenced 
‡ Sample not available 
 

DGGE analysis and sequencing of amplified DNA originating from study 
subject fecal samples 
Amplified DNA from study subject fecal samples in table 2 was analyzed using DGGE. 
Several bands could be seen for all samples, except for sample 142 bβ1 which only displayed 
one weak band. Number of visible bands for the other samples varied from 3 to 9. No 
correlation could be made between number of bands and type of sample (table 6).  

All visible bands were excised from the DGGE gels. However, due to lack of time, only DNA 
from the excised bands belonging to sample numbers 366, 403, 408, 415, 421 and 431 was 
extracted and sequenced. DGGE runs of samples 366, 403 and 408 are displayed in figure 
14a, and samples 415, 421 and 431 in figure 14b. Retrieved sequences from Macrogen were 
evaluated using BLAST. The bacterial species in BLAST that gave highest e-value and 
similarity, when compared to the retrieved sequences, were adopted as the identity of the 
sequences retrieved from the study subject fecal samples. In cases where best hits in BLAST 
corresponded to one of the lactobacilli strains used in the identification ladder, comparison of 
the DGGE band placement in the gel and bands in the identification ladder had given the 
same result. Notable is that L. reuteri was found at three different places in the gels, although 
not far from each other. The identities of the analyzed bands that resulted in good looking 
chromatogram files after sequencing are indicated in figure 14. These were in most cases 
retrieved from strong bands in the DGGE gels. However, in several cases, retrieved sequences 
from Macrogen, obtained from clearly separated bands in the DGGE, were exactly the same 
and had good looking chromatogram files. One example of this phenomenon is sample 408 
bβ1, where all six analyzed DGGE bands gave 100% match against L. delbrueckii when 
evaluating the sequences against BLAST. Comparison of these sequences also showed that 
they were exactly the same. In these cases, comparisons with other samples yielding the same 
sequencing results were performed in order to establish which position in the gel was the most 
likely one for the retrieved species. 
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Figure 14a. DGGE analysis of 16S rDNA sequences, amplified from study subject fecal samples, with 
a 6.5% polyacrylamide 45-70% denaturing gradient gel. PCR amplification was conducted using 4.0 
mM MgCl2 and 20 µM of primer pair LacF-GC. Study subject fecal samples in figure: a) 366, 403 and 
408; b) 415, 421 and 431. Sequencing results of excised bands indicated in the figure corresponds to: 
A, L. delbrueckii; B, Leuconostoc pseudomesenteroides; C, Staphylococcus epidermidis; D, L. 
rhamnosus; E, Staphylococcus aureus; F, Granulicatella sp.; G, L. sakei; H, L. pontis; I, L. reuteri; J, L. 
reuteri; K, Leuconostoc mesenteroides; L, L. pentosus/L. plantarum; M, L. gasseri; N, L. 
versmoldensis; O, L. curvatus; P, L. namurensis; Q, Staphylococcus hominis; R, L. casei/L. zeae; S, L. 
manihotivorans; T, L. reuteri; U, L. oligofermentans; V, L. gastricus; W, L. helveticus; X, L. 
acidophilus/L. kitasatonis/L. gallinarum. The lactobacilli identification ladder (L), contain strains L. 
pentosus DSM 20314, L. paracasei F19, L. plantarum CP 256, L. johnsonii R9.15, L. gasseri Kx 126 
A4, L. acidophilus ATCC 4356, L. fermentum Kx 338 A2, L. salivarius Kx 166 A1, L. crispatus Kx 156 
C3, L. vaginalis Kx 134 A1, L. buchneri ATCC 4005, L. oris Kx 169 A2, L. mucosae S32, L. rhamnosus 
Kx 180 C9, L. casei Kx 169 A5, L. reuteri ATCC PTA 6475, and L. reuteri ATCC 55730, was used for 
identification.  
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Figure 14b. DGGE analysis of 16S rDNA sequences, amplified from study subject fecal samples, with 
a 6.5% polyacrylamide 45-70% denaturing gradient gel. PCR amplification was conducted using 4.0 
mM MgCl2 and 20 µM of primer pair LacF-GC. Study subject fecal samples in figure: a) 366, 403 and 
408; b) 415, 421 and 431. Sequencing results of excised bands indicated in the figure corresponds to: 
A, L. delbrueckii; B, Leuconostoc pseudomesenteroides; C, Staphylococcus epidermidis; D, L. 
rhamnosus; E, Staphylococcus aureus; F, Granulicatella sp.; G, L. sakei; H, L. pontis; I, L. reuteri; J, L. 
reuteri; K, Leuconostoc mesenteroides; L, L. pentosus/L. plantarum; M, L. gasseri; N, L. 
versmoldensis; O, L. curvatus; P, L. namurensis; Q, Staphylococcus hominis; R, L. casei/L. zeae; S, L. 
manihotivorans; T, L. reuteri; U, L. oligofermentans; V, L. gastricus; W, L. helveticus; X, L. 
acidophilus/L. kitasatonis/L. gallinarum. The lactobacilli identification ladder (L), contain strains L. 
pentosus DSM 20314, L. paracasei F19, L. plantarum CP 256, L. johnsonii R9.15, L. gasseri Kx 126 
A4, L. acidophilus ATCC 4356, L. fermentum Kx 338 A2, L. salivarius Kx 166 A1, L. crispatus Kx 156 
C3, L. vaginalis Kx 134 A1, L. buchneri ATCC 4005, L. oris Kx 169 A2, L. mucosae S32, L. rhamnosus 
Kx 180 C9, L. casei Kx 169 A5, L. reuteri ATCC PTA 6475, and L. reuteri ATCC 55730, was used for 
identification.  
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Table 7. Different bacterial species that were found in study subject fecal samples after DNA 
extraction and sequencing of excised DGGE gel bands. Study subject fecal samples were retrieved 
from the study by Abrahamsson et al. (2007) 

Sample Results from sequence analysis Sample Results from sequence analysis 
366 mα1 L. delbrueckii, L.a pseudomesenteroides 403 mα1 L. pontis, 2 different L. reuteri, L. sakei 
366 bα1 L. rhamnosus, S. epidermidis 403 bα1 L. rhamnosus, S. epidermidis 
366 bβ1 Granulicatella sp., S. aureus 403 bβ1 Granulicatella sp., L. reuteri, 

 
  

 
L.a mesenteroides 

366 bγ1 Granulicatella sp. 403 bγ1 Granulicatella sp. 
408 mα1 L. curvatus, L. gasseri, L. namurensis,  415 mα1 L. casei/L. zeae, L. curvatus,  

 
L. pentosus/L. plantarum,  

 
L. manihotivorans, L. rhamnosus, 

 
L. versmoldensis, L.a mesenteroides,  

 
L.a mesenteroides,  

 
S. aureus 

 
L.a pseudomesenteroides  

408 bα1 S. epidermidis, S. hominis 415 bα1 S. epidermidis, S. hominis 
408 bβ1 L. delbrueckii 415 bβ1 Granulicatella sp., L. delbrueckii,  

 
  

 
L. manihotivorans, 3 different L. reuteri 

408 bγ1 Granulicatella sp., L. casei/L. zeae,  415 bγ1 Granulicatella sp. 
  L. sakei     
421 mα1 Granulicatella sp., L. gastricus,  431 mα1 L. acidophilus/ L. kitasatonis/ 

 
L. casei/L. zeae, L. oligofermentans,  

 
L. gallinarum, L. helveticus  

 
L. pentosus/L. plantarum 

  421 bα1 S. epidermidis, S. hominis 431 bα1 S. epidermidis 
421 bβ1 Granulicatella sp., L. casei/L. zeae,  431 bβ1 Granulicatella sp., L. delbrueckii 

 
L. delbrueckii, L. rhamnosus  

  421 bγ1 Granulicatella sp., L. pentosus/  431 bγ1 L. delbrueckii 
  L. plantarum     
a Leuconostoc 

   

A compilation of the different bacterial species that were found in each sample is presented in 
table 7. Besides several different lactobacilli species, Granulicatella, Leuconostoc and 
Staphylococcus species were also detected. A total of 24 different bacterial species were 
detected, of which 18 were different Lactobacillus species. Comparison of total number of 
retrieved bacterial species showed that, generally, mα1 and bβ1 samples contained a higher 
number of different bacterial species than the other two samples. On average, mα1 samples 
contained 4.3 different bacterial species and bβ1 samples 3.0 species; whereas bα1 samples 
contained 1.8 different species and bγ1 samples only 1.3 species (table 8). The most 
commonly found bacterial species were Granulicatella sp., L. delbrueckii and S. epidermidis, 
which were found in 11, 6 and 6 of the total 24 fecal samples, respectively. All bα1 samples 
contained S. epidermidis, and 4/6 bβ1 samples had L. delbrueckii. Granulicatella sp. was 
found in 5/6 bβ1 samples and in as many bγ1 samples. Other more frequently seen species 
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Table 8. On average numbers of how 
many bacteria and lactobacilli were 
detected in each sample type 

 Sample type 

 mα1 bα1 bβ1 bγ1 
Total bacteria: 4.3 1.8 3.0 1.3 
Total lactobacilli: 3.3 0.3 1.8 0.7 

 

Table 9. On average numbers of how many bacteria and 
lactobacilli were detected in each child sample type in the 
placebo and probiotics groups 

 Sample type 

 Placebo Probiotics 

 mα1 bα1 bβ1 bγ1 mα1 bα1 bβ1 bγ1 
Total bacteria: 4.0 1.8 2.3 1.8 5.0 2.0 4.5 1.0 
Total lactobacilli: 3.0 0.3 1.3 1.0 4.0 0.5 3.0 0.0 

 

were L. rhamnosus and L. casei/L. zeae, which were found in 4 samples each. On average, 
mα1 samples contained 3.3 different lactobacilli; bα1 samples contained 0.3 different 
lactobacilli; bβ1 samples contained 1.8 different lactobacilli; and bγ1 samples contained 0.7 
different lactobacilli (table 8).  

L. reuteri was found in three different samples: 403 mα1, 403 bβ1 and 415 bβ1. After analysis 
of received sequencing results was finished, it was revealed that two of the six analyzed 
mother/child pairs had received the probiotic strain L. reuteri ATCC 55730. Those two had 
sample numbers 403 and 415, which were the same samples as had returned sequencing 
results corresponding to L. reuteri. Comparison of average total numbers of bacterial species 
and total lactobacilli, respectively, between the two mother/child pairs that had received 
probiotics and the four who had received placebo, showed higher values in the mα1, bα1 and 
bβ1 samples for the two mother/child pairs who had received L. reuteri ATCC 55730 (table 
9). The difference was especially high for the bβ1 samples. As for composition of 
Lactobacillus species, no differences, other than occurrence of L. reuteri in the probiotics 
group, could be seen between the two groups. No comparison was made between healthy 
children and children who had developed IgE-associated eczema, due to the uneven 
distribution in the two groups (five children with eczema and only one healthy).  





 

47 
 

Discussion 

The designed primers 
Designing and evaluating primers is a time consuming process that requires a lot of patience 
and an open mind, ready to explore alternative options and be creative in the attempt to find 
solutions to different problems that may come to rise during the process. For the polymerase 
chain reaction, primer specificity is of the uttermost importance, since it is the primers that 
decide what will be amplified and possible to study from a sample. This is especially true 
when it comes to studying complex environmental samples such as faeces, which generally 
contain many different bacterial species (Vaughan et al., 1999). Since the aim of this master’s 
thesis was to develop a method to study the diversity of Lactobacillus species in the intestinal 
microflora in fecal samples, using polymerase chain reaction and denaturing gradient gel 
electrophoresis, Lactobacillus spp. specific primers were needed. Seeing as there is a great 
number of different Lactobacillus species, which is quickly realized after a directed search in 
NCBI’s taxonomy browser, a limitation of which species were to be used for the primer 
design was set. A search of the recent literature was made in order to find out which 
Lactobacillus species had been previously detected in human fecal samples. In hope that most 
lactobacilli species had the same conserved regions, the 20 species detected in the literature 
were used as a foundation for the primer designing process.  

Three novel primer pairs named L1, L2 and L3, who all had the same forward primer, were 
designed and tested against different strains of Lactobacillus, Enterococcus, Bifidobacteria 
and E. coli. In addition, a primer pair, named Lac, from a study by Abu Al-Soud et al. (2008) 
was tested. Evaluation of the primer pairs showed that, besides amplifying lactobacilli, primer 
pair L1 amplified E. coli and L2 amplified enterococci. Primer pair L3 did only amplify 
lactobacilli. Since L1, L2 and L3 all had the same forward primer, the different results had to 
be related to the reverse primers. Even though the aforementioned results were unexpected at 
first, after some considerations and closer investigations of the primers, they seemed a little 
bit more reasonable. This was due to the fact that the L1 and L2 reverse primers only had 1 bp 
differences in their base sequences compared to E. coli and enterococci, respectively, which 
probably meant that they had annealed unspecific in the PCR. The results for primer pair L3, 
however, were more difficult to understand since neither the forward primer nor the L3 
reverse primer had any differences compared to enterococci sequences. This lack of 
differences was, however, not discovered until after the primers had been designed and tested. 
When designing the primer pair, it was therefore not intended that L3 should amplify 
enterococci. Put in other words, L3 should have amplified enterococci, but for some reason it 
did not. As for the Lac primer pair, it did only amplify the tested lactobacilli strains. However, 
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analysis of PCR products showed that an extra amplicon, longer than the expected one, also 
had been yielded. This was probably caused by annealing of only the 3’-end of one of the 
primers to some other place in the 16S rDNA sequence. Usage of touchdown PCR managed 
to remove the longer amplicon, but instead a product shorter than the expected one emerged. 
An explanation for this phenomenon could not be found. In tests performed using an in the 3’-
end 6 bp longer version of the Lac pair forward primer (called LacFor), no extra band was 
yielded, but instead enterococci was amplified. Perhaps this could have been a result of a 
twice degenerated base among the 6 additional bp in LacFor.  

In search of a better primer pair than the ones tested, different combinations of all available 
primers were also evaluated against different strains of Lactobacillus, Enterococcus, 
Bifidobacteria and E. coli. After the evaluations, two primer pairs, yielding only one band 
when PCR products were run on an agarose gel, were selected for further analysis using 
DGGE: primer pairs LacF-GC and LF-GC. Theoretically, since the forward primer LacFor 
was a longer version of the forward primer LacF, the two primer pairs should have yielded the 
same amplicons, thus giving the same results in DGGE analysis. This was, however, not 
entirely true. Comparison of DGGE analyses of pure lactobacilli strains, amplified using 
primer pairs LacF-GC and LF-GC, did indeed show the same band patterns. However, for 
every band that LacF-GC showed in the DGGE gel, LF-GC showed two additional bands. 
One additional band could have been understandable, due to the earlier mentioned twice 
degenerated base in the forward primer, but two extra bands did not make any sense. That LF-
GC showed three bands and LacF-GC only one could, however, be an explanation for the 
great difference in product yield that had been noticed when running equal volumes of PCR 
products on an agarose gel. With some good will, the difference could be seen as in a 1:3 
relation.  

Since discriminating different bacterial species from each other using LF-GC was expected to 
be difficult, due to the additional bands in the DGGE gel, the decision was made to continue 
on to analysis of study subject fecal samples using the LacF-GC primer pair. However, using 
LacF-GC was not entirely problem free either. In DGGE analysis of amplified pure 
lactobacilli reference strains, some strange additional bands and a smear were seen. These 
were located on the same level in the gel for all strains, although they were weaker for strains 
that had returned somewhat lower PCR product yields. It was also seen that several 
lactobacilli reference strains displayed multiple bands in the DGGE gel, instead of only one. 
Another problem using LacF-GC was that PCR product yields from amplification of fecal 
samples became extremely weak. In an attempt to improve this, altered MgCl2 and primer 
concentrations were tested, which proved to be working. Fortunately, this also weakened the 
extra bands and smear that had been seen for the pure lactobacilli samples.  

Why some lactobacilli strains displayed multiple bands continue to be a mystery. Perhaps 
they contained different 16S rRNA coding genes within the same strain, or maybe the samples 
were not as pure as it was believed that they should be. Comparison of the two used L. reuteri 
strains (ATCC PTA 6475 and ATCC 55730, respectively) established that they displayed 
different DGGE band patterns. They did, however, have one band in common, which was also 
the only distinct L. reuteri band showing when all 17 lactobacilli reference strains were run 
together in the identification ladder. In the identification ladder, L. paracasei, L. pentosus and 
L. plantarum migrated to the same distance. This could have been a sign of two different 
things: either that they had the exact same amplicon sequence (Myers et al., 1985; Sheffield et 
al., 1989; Muyzer et al., 1993), or that the sequences had the same melting behaviour 
(Muyzer & Smalla, 1998). One question for further research is, concerning the presentation of 
multiple bands for pure strains, if it is possible to weaken or completely remove them, by for 
example using a higher annealing temperature in the PCR or use touchdown PCR. 
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Study subject fecal samples 
That amplification of study subject fecal samples resulted in different levels of product yields, 
was in different ways both expected and unexpected. Why it was expected had several 
reasons: at birth the gastrointestinal tract is sterile, although microbial colonization begins 
immediately upon delivery (Noverr & Huffnagle, 2005) and occurs within a few days 
(Guarner & Malagelada, 2003); in early childhood the intestinal microbiota is under 
development (Reuter, 2001; Noverr & Huffnagle, 2005); by adulthood the intestinal 
microbiota is composed of an estimated number of 400-1000 different species (Noverr & 
Huffnagle, 2005). In other words, the different levels of product yields were expected due to 
the fact that the gastrointestinal tract contains various amounts of microorganisms during 
different stages of life. Using this theory, it could be thought that also the number of 
Lactobacillus species would follow this development. Hence, there would be fewer 
lactobacilli in infants than in adults, and use of Lactobacillus spp. specific primers would 
render gradually increasing product yields when comparing the different ages of the study 
subjects when the samples were taken. This was, unexpectedly, not the case, since samples 
taken from the infants during their first week of life (bα1) generally resulted in the highest 
product yields, and not the lowest as would be anticipated. On top of that, product yields were 
gradually decreased in the bβ1 and bγ1 samples, and samples from the mothers generally 
rendered product yields in the same range as bγ1 samples did. One plausible explanation to 
this is that, perhaps, the increasing amount of bacteria in the gastrointestinal tract during 
development of the intestinal microbiota, acts inhibiting on the primers. This would mean that 
in early infancy, when only a few microorganisms are present, it would be easier for the 
primers to anneal. The opposite would take place when trying to amplify adult fecal samples: 
too much DNA, other than that which is targeted by the primers, is present and therefore 
inhibits annealing of the primers. 

Not all study subject fecal samples were possible to amplify: for the 142 bβ1 sample almost 
no PCR product was retrieved, and despite two more attempts to receive amplification 
products from this sample, none of the PCR runs yielded any product. This result could, 
however, be viewed as positive: maybe there were no lactobacilli in this fecal sample. In that 
case, yielding no PCR product would imply that the primers in fact were specific, or at least 
so specific that they were able to avoid amplifying a great number of the different bacterial 
species that are present in fecal samples. When analyzing amplified DNA from all study 
subject fecal samples using DGGE, several bands could be seen for all samples, except for 
sample 142 bβ1. This sample only displayed one weak band, which was expected since hardly 
any product had been yielded in the PCR. Just like for the pure lactobacilli strains, the 
previously seen extra bands and smear were also seen for the study subject fecal samples, and 
all on the same level in the gel. What the extra bands and smear were could not be figured out. 
One thought was that it was some kind of PCR artefact. Or, that it appeared as a result of 
loading to much DNA onto the DGGE gel. Anyway, in all cases a clear connection between 
strong PCR product yield and the extra bands and smear could be established, since they only 
appeared in samples that had yielded strong PCR products. 

All visible bands were excised from the DGGE gels, but due to lack of time only the excised 
bands from sample numbers 366, 403, 408, 415, 421 and 431 were submitted to further 
analysis. Of the sequencing results received from Macrogen, some were positive, some were 
negative and some were strange. Starting with the strange results, in several cases retrieved 
sequences from Macrogen, obtained from clearly separated bands in the DGGE, were exactly 
the same. One example of this phenomenon is sample 408 bβ1, where all six analyzed DGGE 
bands gave 100% match against L. delbrueckii when evaluating the sequences against 
BLAST. The sequences were all exactly the same. That DNA sequences which are clearly 
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separated in a DGGE gel could be exactly the same is not possible (Myers et al., 1985; 
Sheffield et al., 1989; Muyzer et al., 1993). The conclusion of this was that something must 
have gone wrong, for example in the PCR amplification of extracted DNA from the excised 
DGGE gel bands, or, in the sequencing performed by Macrogen.  

The negative results were that bacterial species other than lactobacilli had been amplified and 
detected by the utilized primers. These species belonged to the genera Granulicatella, 
Leuconostoc and Staphylococcus. However, only 6 of the 24 different bacterial species 
detected belonged to these genera. Some other positive things about these negative results 
were also that Granulicatella and Leuconostoc belong to the same order as Lactobacillus: 
Lactobacillales. Leuconostoc are bacteria commonly associated with food (Walter et al., 
2001), and Granulicatella are a part of the normal human intestinal microflora (Zheng et al., 
2004). The different detected staphylococci are also commonly found in humans (Nagase et 
al., 2002). Granulicatella and S. epidermidis also turned out to be two of the most commonly 
found bacteria in this study. Interestingly enough, all samples taken from the infants 1 week 
after delivery contained the commonly found skin bacteria S. epidermidis. One explanation 
for this phenomenon could be that 1 week old infants do not give so much faeces, and that the 
small amount is hard to pick up from the diaper. To get the fecal sample, it has to be scraped 
off of the diaper, to which probably a number of S. epidermidis have come from the infant’s 
skin.  

Positive results were that as many as 18 different Lactobacillus species had been detected in 
the study subject fecal samples, which would have to be interpreted as that the primers, after 
all, worked well. Of the species that previously had been found in human fecal samples, a 
number of lactobacillus species were also found in this study: L. casei, L. curvatus, L. 
delbrueckii, L. gasseri, L. reuteri, L. rhamnosus and L. sakei. Besides those strains, querying 
the retrieved sequences against BLAST also returned some mixed answers of species having 
the same sequences: L. pentosus/L. plantarum, L. casei/L. zeae, and L. acidophilus/L. 
kitasatonis/L. gallinarum, of which L. pentosus, L. plantarum, L. casei and L. acidophilus had 
been previously detected in other studies. Since the other species in the mixed answers had 
not been in the list of lactobacilli reference strains, there was no way of knowing which of the 
different alternatives the true identity of the DGGE band was. One interesting thing was that 
together with L. casei and L. zeae, L. paracasei was always a result from BLAST. What was 
interesting about that was the fact that L. paracasei and L. casei migrated to very different 
positions in the DGGE, which strongly implies that they do not have the same sequence. The 
obvious question therefore was: who is right: the DGGE gel, or BLAST? Some alternative 
answers could be that the strains displayed in BLAST were subspecies, or that the used L. 
paracasei reference strain was a subspecies.  

When comparing the detected lactobacilli species to the identification ladder, several species 
could be confirmed by the ladder: L. acidophilus, L. casei, L. gasseri, L. pentosus/L. 
plantarum, L. reuteri and L. rhamnosus. L. reuteri was, however, found in three different 
places in the DGGE gels, where only one band corresponded to the identification ladder. 
When the positions of those three bands were instead compared to DGGE band patterns of the 
two L. reuteri reference strains (ATCC PTA 6475 and ATCC 55730, respectively) alone, it 
could be seen that corresponding bands were visible for L. reuteri ATCC 55730. This was the 
strain that had been used as probiotics in the study by Abrahamsson et al. (2007), from which 
the study subject fecal samples originated. Since the only samples displaying L. reuteri were 
retrieved from the only two investigated mother/child pairs who had received probiotics, these 
were good results, even though it could not be confirmed that the different found L. reuteri 
were the supplemented probiotic strain. The finding that only three, out of the eight fecal 
samples originating from the two study subjects in the probiotics group, contained L. reuteri 
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could be explained by the fact that probiotics do not necessarily colonize the human intestine 
(Guarner & Malagelada, 2003), even though they can influence the bacterial composition of 
the normal intestinal microflora (Marzotto et al., 2006). Comparisons of average total 
numbers of bacterial species and total numbers of lactobacilli, respectively, between the two 
mother/child pairs in the probiotics group and the four pairs in the placebo group, showed 
higher values in the mα1, bα1 and bβ1 samples for the probiotics group. However, no 
differences, other than the occurrence of L. reuteri in the probiotics group, in lactobacilli 
species composition between the two groups could be found, which could have been due to 
the small number of study subjects analyzed.  

Although one of the goals of this study was to investigate whether there were differences in 
the composition of Lactobacillus species between children who had developed IgE-associated 
eczema and healthy children, no comparison was made due to the uneven distribution of the 
analyzed study subjects between these two groups (five children with eczema and only one 
healthy). 

Comparisons of average total numbers of found bacterial species, between the four different 
kinds of samples, showed the highest numbers for samples taken from the mother right after 
delivery. Samples taken from the infants at 12 months of age came in second place, also 
showing much higher numbers than the samples taken from the infants at 1 week and 24 
months of age, respectively. The same result was seen when comparing average total numbers 
of found lactobacilli species. That the highest numbers were seen for the samples from the 
mothers was expected, since the adult microflora is composed of many more bacterial species 
than the infant’s is (Noverr & Huffnagle, 2005). When considering the infant samples (higher 
numbers for the 12 month samples and lower numbers for the other two), the distribution of 
numbers of found lactobacilli reminded of what was presented by Ahrné et al. (2005), only 
somewhat drifted. This could have been due to the fact that they had a lot more sampling 
points during the first year of life. If analysis had been conducted on samples from the same 
time points in this study, the same results might have been obtained. In this study the mean 
numbers were 0.3 strains at 1 week and 1.8 at 12 months. In the study by Ahrné et al. (2005), 
the mean number of different lactobacilli during the first 6 months of life was about 1.3 
strains. Ahrné et al. (2005) did, however, use culturing on Rogosa agar in finding out how 
many different strains were present, which could have accounted for their lower mean number 
since some strains might not be possible to grow. 
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Conclusions 
The aim of this master’s thesis was to develop a method to study the diversity of 
Lactobacillus spp. in fecal samples. The developed method was successful in amplifying 
DNA originating from pure lactobacilli strains, and it avoided amplification of enterococci, 
bifidobacteria and E. coli. However, when testing the method on actual fecal samples, other 
bacterial species commonly found in humans also were amplified. Had more bacterial species 
been accounted for in the primer design, the Lactobacillus spp. specificity perhaps could have 
been better and amplification of other bacteria might not have occurred.  

After analysis of retrieved results from examination of the study subject fecal samples, it was 
interesting to learn that the fecal samples which had turned out to contain L. reuteri, in fact 
also belonged to those individuals who had received the probiotic strain L. reuteri ATCC 
55730. It could, however, not be confirmed if the found L. reuteri were the same as the 
utilized probiotic strain or not. Differences in average numbers of total number of detected 
bacterial strains and lactobacilli strains could also be seen between the samples belonging to 
the probiotics and the placebo groups, respectively. The average numbers were higher for the 
probiotics group. This was, however, only a small study performed on only a few study 
subject fecal samples, why a larger number of samples need to be examined. However, 
although the results obtained in this study are far from statistically significant, they are 
interesting in that they support the theories of probiotics being able to increase the lactobacilli 
population in the intestinal microflora. 

So, even though the developed method and its final primer pair did detect bacterial species 
other than lactobacilli, it managed to show that a variety of different Lactobacillus species 
may be present in the intestinal microflora. Usage of this method also visualized tendencies of 
differences between the probiotics and placebo groups, respectively – in other words, 
tendencies that supplementation of a probiotic strain in early infancy might influence the 
intestinal microbiota. Further investigations, and development of the method, will however be 
necessary if exploration of the Lactobacillus spp. composition in the intestinal microbiota 
shall continue and be successful. 
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16S rDNA sequences utilized in designing Lactobacillus spp. specific primers. Besides 
sequences from different lactobacilli species, sequences from different bifidobacteria, E. coli and 
enterococci were also used. 

Bacterial species Accession number Source 
B. bifidum M84777 Genbank 
B. breve AB006658 Genbank 

 M58731 Genbank 
B. longum D86184 Genbank 
  M58739 Genbank 
E. faecalis DQ411814 Genbank 
E. faecium DQ411813 Genbank 
E. gilvus DQ411810 Genbank 
E. L2 EU661816 Genbank 
E. pallens DQ411812 Genbank 
E. coli DQ360844 Genbank 

 X80724 Genbank 

 X80725 Genbank 

 X80732 Genbank 

 Z83204 Genbank 
  Z83205 Genbank 
L. acidophilus AB008203 Genbank 

 AY773947 Genbank 

 EF533992 Genbank 

 EU483105 Genbank 
  M58802 Falsen et al., 1999 
L. brevis AB266535 Genbank 

 AB362619 Genbank 

 EF412983 Genbank 

 M58810 Byun et al., 2004 
  X61134 Falsen et al., 1999 
L. buchneri M58811 Byun et al., 2004 
  X61139 Falsen et al., 1999 
L. casei AF404708 Dobson et al., 2002 

 AY196975 Byun et al., 2004 

 D16548 Genbank 

 EU626005 Genbank 
  M23928 Falsen et al., 1999 
L. crispatus AB008206 Genbank 

 AF257097 Byun et al., 2004 

 AJ242969 Genbank 

 DQ333457 Genbank 
  X98052 Falsen et al., 1999 
L. curvatus AJ270951 Koort et al., 2004 

 AM113777 Genbank 

 AY204890 Koort et al., 2004 

 AY204891 Koort et al., 2004 

 AY204894 Koort et al., 2004 
  EU081014 Genbank 
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Bacterial species Accession number Source 
L. delbrueckii AB007908 Genbank 

 EF015468 Genbank 

 M58814 Falsen et al., 1999 
  X52654 Genbank 
L. fermentum AF302116 Byun et al., 2004 

 AY373589 Ahmed et al., 2007 

 M58819 Settanni et al., 2005 
  X61142 Falsen et al., 1999 
L. fructivorans AB289115 Genbank 

 M58818 Byun et al., 2004 
  X76330 Falsen et al., 1999 
L. gasseri AF243151 Genbank 

 AF519171 Byun et al., 2004 

 EF533990 Genbank 
  M58820 Falsen et al., 1999 
L. mucosae AF126738 Byun et al., 2004 
  AF243148 Genbank 
L. paracasei AB330933 Genbank 

 DQ682986 Plengvidhya et al., 2007 

 EU187503 Genbank 
  EU526815 Genbank 
L. pentosus AB362758 Genbank 
  D79211 Settanni et al., 2005 
L. plantarum AF404710 Dobson et al., 2002 

 AL935253 Byun et al., 2004 

 DQ239695 Ahmed et al., 2007 
  X52653 Falsen et al., 1999 
L. reuteri AY324629 Genbank 

 EF412975 Genbank 

 EU099040 Genbank 

 EU394679 Genbank 
  L23507 Byun et al., 2004 
L. rhamnosus AB288235 Genbank 

 AF243146 Byun et al., 2004 

 DQ010418 Ahmed et al., 2007 
  EF533991 Genbank 
L. ruminis AB326354 Genbank 
  M58828 Genbank 
L. sakei AY204895 Koort et al., 2004 

 AY204896 Koort et al., 2004 

 AY204898 Koort et al., 2004 
  M58829 Falsen et al., 1999 
L. salivarius AF089108 Byun et al., 2004 

 AY389804 Ahmed et al., 2007 
  M59054 Falsen et al., 1999 
L. vaginalis AB158768 Genbank 

 AF243177 Byun et al., 2004 

 EF460497 Genbank 
  X61136 Genbank 

 

 





Upphovsrätt
Detta dokument hålls tillgängligt på Internet – eller dess framtida ersättare –
under 25 år från publiceringsdatum under förutsättning att inga extraordinära
omständigheter uppstår.

Tillgång till dokumentet innebär tillstånd för var och en att läsa, ladda ner,
skriva ut enstaka kopior för enskilt bruk och att använda det oförändrat för icke-
kommersiell forskning och för undervisning. Överföring av upphovsrätten vid
en senare tidpunkt kan inte upphäva detta tillstånd. All annan användning av
dokumentet kräver upphovsmannens medgivande. För att garantera äktheten,
säkerheten och tillgängligheten finns lösningar av teknisk och administrativ art.

Upphovsmannens ideella rätt innefattar rätt att bli nämnd som upphovsman i
den omfattning som god sed kräver vid användning av dokumentet på ovan be-
skrivna sätt samt skydd mot att dokumentet ändras eller presenteras i sådan form
eller i sådant sammanhang som är kränkande för upphovsmannens litterära eller
konstnärliga anseende eller egenart.

För ytterligare information om Linköping University Electronic Press se för-
lagets hemsida http://www.ep.liu.se/

Copyright
The publishers will keep this document online on the Internet – or its possible
replacement – for a period of 25 years starting from the date of publication
barring exceptional circumstances.

The online availability of the document implies permanent permission for
anyone to read, to download, or to print out single copies for his/hers own use
and to use it unchanged for non-commercial research and educational purpose.
Subsequent transfers of copyright cannot revoke this permission. All other uses
of the document are conditional upon the consent of the copyright owner. The
publisher has taken technical and administrative measures to assure authenticity,
security and accessibility.

According to intellectual property law the author has the right to be
mentioned when his/her work is accessed as described above and to be protected
against infringement.

For additional information about the Linköping University Electronic Press
and its procedures for publication and for assurance of document integrity,
please refer to its www home page: http://www.ep.liu.se/.

© 

http://www.ep.liu.se/
http://www.ep.liu.se/

	Introduction
	Theoretical background
	Structure of the intestinal microflora
	Probiotics
	Atopic dermatitis
	Polymerase Chain Reaction, PCR
	Denaturing Gradient Gel Electrophoresis, DGGE

	Materials and methods
	Study subject fecal samples
	Bacterial reference strains and test fecal samples
	Design of primers targeting the 16S rDNA region of lactobacilli
	PCR amplification
	PCR reaction mixture
	Amplification of study subject fecal samples for DGGE analysis
	PCR program

	DGGE analysis of PCR amplicons
	Extraction and sequencing of DNA from excised DGGE bands

	Results
	Evaluation of primers
	Created and evaluated primers
	Testing of all the primers, without a GC-clamp
	Evaluation of primers, with a GC-clamp attached
	Evaluation of primers using DGGE

	Further development of the method using the final primer pair LacF-GC
	Analysis of study subject fecal samples
	PCR amplification of study subject fecal samples
	DGGE analysis and sequencing of amplified DNA originating from study subject fecal samples


	Discussion
	The designed primers
	Study subject fecal samples

	Conclusions
	Acknowledgments
	References
	Appendix A
	Upphovsrätt examensarbete, sista sidan (högersida), Charlotte Strandgren Adobe.pdf
	Upphovsrätt
	Copyright


	Text3: Charlotte Strandgren


