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Abstract 

The colonization of the infant gut microbiota is important for health and wellbeing later in 

life. This colonization is dependent on multiple factors, among others the competition 

between bacteria. Different strategies have been developed to gain an advantage over the 

other bacteria in the competition for space and nutrition. One such strategy is to synthesize 

bacteriocins, which are small ribosomally produced peptides that can inhibit the growth of or 

kill the competing bacteria. The genus Streptococcus is a known bacteriocin producer and an 

important part of the infant gut microbiota. This genus is among the early colonizers of the 

gut and has been found to dominate this microbiota during the first few days of the infant’s 

life. Since little is known about the role of bacteriocins in the development of the infant gut 

microbiota, the main aim of this thesis was to investigate the associations between 

bacteriocins and Streptococcus in stool samples. 

Seven bacteriocins were chosen for this study based on their significant presence in the gut of 

infants compared to adults and they were synthesized in vitro before their ability to inhibit 

bacteria belonging to the genera Streptococcus, Enterococcus, Listeria, and Lactococctus was 

investigated. In addition, qPCR with designed primers was used to identify bacteriocin genes 

and 16S rRNA sequencing to identify the bacteria present in stool samples provided by the 

PreventADALL study. A total of 168 stool samples were studied, where 56 samples belonged 

to each of the three groups: infants at 6 months, infants at 12 months, and mothers. 

In conclusion, Sanger sequencing and microscopy confirmed that the cultivation of the 

streptococcal bacteria was successful. The two bacteriocin activity assays showed that none of 

the bacteriocins inhibited the growth of the tested bacteria. This could most likely be caused 

by an unsuccessful bacteriocin synthesis or a classification error of the bacteriocins. The 

genus Streptococcus was significantly enriched in samples from infants compared to mothers, 

as expected from previous studies. The only significant association between the presence of 

bacteriocins and the number of streptococcal reads was found in samples from infants at 12 

months of age. Where the presence of bacteriocins gave significantly more reads from the 

streptococcal OTU nr.2, but this association was not identified in samples from infants at 6 

months of age or mothers. More associations could possibly be identified in samples taken 

from an earlier timepoint in the infant’s life, and this should be considered in further studies.  
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Sammendrag 

Koloniseringen av spedbarns tarmfloraen er viktig for helse og velvære senere i livet. Denne 

koloniseringen er avhengig av flere faktorer, blant annet konkurransen mellom bakterier. 

Ulike strategier er utviklet for å få en fordel i denne konkurransen om næring og plass. En 

strategi går ut på å produsere bakteriosiner som er små ribosomalt produserte peptider. Disse 

peptidene kan hemme veksten av eller drepe andre bakterier. Slekten Streptococcus er en 

kjent bakteriosin produsent og utgjør en viktig del av tarmfloraen til spedbarn. Denne slekten 

er blant de tidlige kolonisatorene og dominerer tarmmikrobiotaen de første dagene av 

spedbarnets liv. Lite er fortsatt kjent om rollen til bakteriosiner i utvikling av tarmfloraen og 

hovedmålet til denne oppgaven var dermed å undersøke om det var noen sammenheng 

mellom bakteriosiner og streptokokker i fekal prøver. 

Syv bakteriosiner ble valgt ut til denne studien basert på deres signifikante tilstedeværelse i 

tarmfloraen til spedbarn sammenlignet med tarmfloraen til voksne og de ble syntetisert in 

vitro før testing av deres evne til å hemme veksten av bakterier som tilhørte slektene 

Streptococcus, Enterococcus, Listeria og Lactococcus ble undersøkt. I tillegg ble qPCR brukt 

til å identifisere bakteriosin gener og 16S rRNA sekvensering til å identifisere bakterier til 

stede i fekal prøver fra PreventADALL studien. Totalt ble 168 prøver studert og 56 prøver 

tilhørte hver av de tre gruppene: spedbarn ved 6 måneder, spedbarn ved 12 måneder og 

mødre.  

For å konkludere, Sanger sekvensering og mikroskopering bekreftet at dyrkingen av 

streptokokkene var en suksess. I de to testene for bakteriosin aktivitet kom det fram at veksten 

til de testede bakteriene ikke ble hemmet av bakteriosinene. Dette kunne mest sannsynlig 

skyldes feil i bakteriosinsyntesen eller en klassifiseringsfeil av bakteriosinene. Videre ble det 

funnet at slekten Streptococcus var signifikant anriket i de samlede prøvene fra spedbarna 

sammenlignet med prøvene fra mødrene. Den eneste signifikante sammenhengen mellom 

tilstedeværelse av bakteriosiner og streptokokker ble funnet i prøver tatt fra 12 måneder gamle 

barn. Her ble det funnet at streptokokk OTU nr.2 var signifikant anriket i prøver hvor det var 

bakteriosiner til stede, men dette var ikke tilfellet i prøver tatt fra 6 måneder gamle barn eller 

mor. Flere assosiasjoner kan muligens identifiseres i prøver tatt ved tidligere tidspunkt av 

barnets liv og dette bør derfor vurderes i videre studier.  
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1. Introduction 

1.1 The human gut microbiota 

The human gut microbiota consists of the especially dense populations of microbes located in 

the human gut and together with all the microbes located in and on the human body, they 

outnumber our own cells by a factor of ten (Turnbaugh et al., 2007). The diversity in the gut is 

however quite low compared to for example a soil sample and it can therefore be seen as a 

quite competitive environment where the bacteria compete for both nutrition and space 

(Bäckhed et al., 2005). These microbes co-exist with their host in symbiotic, parasitic, or 

commensal ways. The commensal microbiota in the gut is occupying space that otherwise 

could be colonized by pathogens, they interact with the human immune system, metabolize 

nutrients that we otherwise could not digest, produce vitamins, and might even affect our 

behaviour (Milani et al., 2017, Lozupone et al., 2012, Turnbaugh et al., 2007). In other words, 

the composition of the human gut microbiota is important for our health. 

1.1.1 Development of the infant gut microbiota 

There is still a debate going on concerning the colonization of the infant gut microbiota. For 

decades “the sterile womb” paradigm has been used to describe the colonization, but other 

hypotheses have now gained momentum. One of the proposed hypotheses is that the 

colonization might already start with the rupture of the amniotic membrane in utero 

(Rehbinder et al., 2018). The next few days of the infant’s life will consist of rapid 

colonization of the gut and after two to three years a stable adult-like microbiota will be 

reached (Koenig et al., 2011).  Once the stable conformation is reached, it is harder to 

influence it. The colonization of the gut microbiota during the first two-three years of the 

infant’s life is therefore seen as a window of opportunity to influence the colonization and 

thereby also influence the health of the infant throughout life (Cox et al., 2014). 

Stool samples taken from infants at different time points in their lives show this development 

of gut microbiota from a habitat with few inhabitants to a more adult composition with higher 

alpha diversity, which means that the diversity within the individual increases (Sanidad and 

Zeng, 2020). The first samples can be taken from meconium and these samples show that the 

earliest gut microbiota is dominated by the genus Streptococcus and these bacteria colonize 

the gut within 24 hours after birth (Gosalbes et al., 2013, Solís et al., 2010). Stool samples 
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taken after 10, 30, and 90 days are dominated by Bifidobacterium, but the genera 

Streptococcus, Lactobacillus, and Enterococcus follow straight behind (Solís et al., 2010).  

The development and establishment of the infant gut microbiota are influenced by many 

distinct factors and one of the possible most crucial factors is the mode of delivery. Infants 

delivered vaginally will come into contact with the mother’s vaginal and faecal microbes and 

be colonized by these, while infants delivered by caesarean section will come into contact 

with skin microbes and microbes from the hospital environment and be colonized by these 

(Avershina et al., 2016, Milani et al., 2017). It will therefore be possible to detect differences 

in the gut microbiota in infants delivered vaginally and infants delivered by caesarean section 

both in the composition of strains and in the abundance of the different strains of bacteria. 

Some of the differences that have been observed in several studies are that the genus 

Bacteroides seems to be underrepresented, while the genus Enterococcus seems to be 

overrepresented in infants delivered by caesarean section compared to infants delivered 

vaginally (Ravi et al., 2018, Jakobsson et al., 2014). As well as leading to the colonization of 

other bacteria, the caesarean section mode of delivery has also been associated with a greater 

risk for diseases such as diabetes, celiac disease, asthma, and allergies (Cho and Norman, 

2013, Decker et al., 2011, Thavagnanam et al., 2008). 

The colonization of the gut is also dependent on the gestational age of birth and it is found 

that children that are born preterm, which is defined as before 37 weeks of gestation, often 

have serious health issues (Ruiz et al., 2016). Several studies have found that the colonization 

of commensal microbes such as Bifidobacterium and Bacteroides often are delayed in infants 

delivered preterm ((Hill et al., 2017, Arboleya et al., 2012). This delay gives opportunistic 

bacteria such as Enterococcus and Enterobacteria the possibility to grow and establish 

themselves (Arboleya et al., 2012, Arboleya et al., 2015).  

Another major factor that affects gut colonization is the infant feeding mode. The feeding 

mode will both affect the establishment of the gut microbiota and the gastrointestinal 

functions (Dominguez-Bello et al., 2011). Antimicrobial agents, promicrobial agents, and a 

range of different nutrients are present in breast milk and it has been shown that infants fed 

with breast milk have increased levels of bifidobacteria (O'Sullivan et al., 2015). Formula-fed 

infants are exposed to a different set of nutrients, and this results in a different colonization 

pattern in their gut. These infants have a gut microbiota that is more associated with bacteria 

such as Staphylococci, Bacteroides, and Clostridia (Penders et al., 2006). Factors such as the 
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introduction of solid food, geographical location, and family situation will also affect the gut 

microbiota later in life.  

1.1.2 The adult gut microbiota 

The adult gut microbiota has a relatively stable configuration, but it can still be affected by 

antibiotic use or dramatic changes in diet among other things (Faith et al., 2013, Thursby and 

Juge, 2017). Common for healthy individuals is that the gut microbiota is highly variable and 

especially the two bacterial phyla Firmicutes and Bacteroidetes are highly represented, but 

also bacteria from the phyla Actinobacteria, Proteobacteria, Verrucomicrobia, and 

Fusobacteria are represented in many healthy gut microbiotas (Lozupone et al., 2012, 

Eckburg et al., 2005). 

There are metabolic, trophic, and protective benefits of having a healthy gut microbiota. The 

microbes in the gut harbour a high gene diversity that provides the host with various 

biochemical pathways and enzymes that can be used to digest and utilize diet in a way that 

would not else be possible for the host (Guarner and Malagelada, 2003). In the colon, the 

microorganisms are also responsible for a lot of the absorption of iron, magnesium, and 

calcium and the production of vitamins, such as vitamin K (Younes et al., 2001, Miyazawa et 

al., 1996, Guarner and Malagelada, 2003, Hill et al., 2017). The trophic effect on the intestinal 

epithelium is connected to the production of short-chain fatty acids (SCFAs) as a by-product 

of the digestion by the microorganisms (Guarner and Malagelada, 2003). SCFAs have been 

shown to stimulate the epithelial cells to differentiation and proliferation both in the small and 

the large bowel (Frankel et al., 1994). The third major benefit of the gut microbiota is its 

ability to protect the host against the colonization of pathogens by occupying space, 

competing for nutrients, and producing antimicrobial substances (Guarner and Malagelada, 

2003).   

The composition of the gut microbiota is highly divergent between individuals and can be 

seen as a “fingerprint” for each individual (Lozupone et al., 2012). More similarities in the 

composition are however found between mother-daughter pairs and between twins, than 

between unrelated individuals (Dicksved et al., 2008, Turnbaugh et al., 2009). There have also 

been found similarities between people with conditions such as obesity. Obese people seem to 

harbour fewer microbes in the gut and have a different abundance of functional genes and 

taxa compared to lean people (Ley et al., 2006b, Turnbaugh et al., 2006).  The low microbial 

diversity has also been observed in people with Crohn’s disease compared to healthy 

individuals (Dicksved et al., 2008). Diseases such as diabetes, inflammatory bowel disease 
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(IBD) and irritable bowel disease (IBS) have also been associated with disturbances in the gut 

microbiota (Casén et al., 2015).  

1.1.3 Ecological interactions in the adult gut microbiota 

Even though the gut is tightly colonized by microorganisms, it is also exclusive and the 

selection pressure upon its residents is strong (Bäckhed et al., 2005). To be able to thrive in 

the gut, the microorganisms must among other things be able to utilize the available nutrients 

and they must be able to settle in the right habitat (Ley et al., 2006a). In other words, they 

must both compete with each other and avoid getting killed by the immune system. This 

results in selection pressure on two levels. One level can be seen as the “top-down” selection 

where the host’s immune system favours a stable microbial community with functional 

redundancy. The second level can be seen as the “bottom-up” selection where the microbes 

compete with each other and this favours more specialized functions (Ley et al., 2006a). 

Which of these two levels that are the most important for shaping the microbial community in 

the gut is still unknown, but the “bottom-up” selection is probably a very important factor 

during the early stages of life since the immune system is not yet fully developed (Trosvik et 

al., 2010). 

1.1.4 The role of the bacterial competition in the establishment of the gut microbiota 

The colonization and establishment of the gut microbiota from a sterile environment to a 

highly complex and densely packed community happens in a relatively short amount of time. 

During this period, the microorganisms will interact with each other in different ways, and 

this will in turn give a microbiota that can be associated with health or disease and that can 

influence the development of the infant’s immune system and metabolism (Dogra et al., 2015, 

Collado et al., 2012, Kerr et al., 2015). The two dominant modes of interaction in the gut are 

cooperation and competition (Faust and Raes, 2012). To cooperate with other microorganisms 

might give a more effective utilization of resources, but it can also make the species 

dependent on each other and if one of the species disappears, the other will likely follow. 

Cooperation can therefore give unstable communities, and the host might benefit from 

competition between species if this destabilizes the network of cooperation (Coyte et al., 

2015). 

The different microbial species in the gut will likely compete for the few niches available and 

microbes with similar preferences in niches will likely follow Gause’s law of competitive 

exclusion and exclude each other (Gause, 2019). The competition can be against species 

within the same phylum or species belonging to other phyla. One phylum that has been 
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observed to have quite a lot of intra-phylum competition is Firmicutes and it is suggested that 

some of the founder bacteria in the gut belong to this phylum (Trosvik et al., 2010). The high 

initial growth rate of the founders enables them to swiftly colonize vacant niches, but they are 

less likely to sustain high competitive pressure in dense populations (Trosvik et al., 2010).  

 Microorganisms in the gut have developed different strategies to gain an advantage in this 

competition. One strategy is to utilize the host’s immune system to inhibit other microbes 

(Coyte and Rakoff-Nahoum, 2019) . Another strategy is to use a type IV secretion system 

where a toxic payload is transferred to other bacteria. This strategy has been observed in 

many of the Bacteroidales strains from human microbiota samples and analysis has shown 

that these genes have an important role in the interspecies competition in the human gut 

(Coyne et al., 2016, Wexler et al., 2016, Chatzidaki-Livanis et al., 2016). A third and widely 

used strategy amongst bacteria is to produce antimicrobial peptides called bacteriocins. These 

peptides usually work against closely related species and this can be an advantage since 

bacteria in the same phyla can be expected to compete because of similar function 

mechanisms and similar preferences regarding nutrients and habitats (Coyte and Rakoff-

Nahoum, 2019). 

1.2 Bacteriocins  

In 1925, Andre Gratia discovered an unknown substance produced by Escherichia coli that 

killed closely related bacteria. This substance was named Colicin V and was the first 

bacteriocin to be discovered (Gratia, 2000). Bacteriocins are defined as antimicrobial peptides 

(AMPs) produced ribosomally by bacteria and some Archaea (Riley and Wertz, 2002). Both 

Gram-negative and Gram-positive bacteria produce bacteriocins. Bacteriocins produced by 

Gram-negative bacteria are often found to be relatively large proteins, while bacteriocins 

produced by Gram-positive bacteria often contain less than 70 amino acids (Zheng et al., 

2015). 

1.2.1 Classification of bacteriocins  

The family of bacteriocins is a diverse family where the members have different microbial 

targets, size, immunity actions, and modes of action (Riley and Wertz, 2002). The Gram-

positive bacteria that produce bacteriocins are mostly in the group called Lactic acid bacteria 

(LAB). The classification of bacteriocins varies somewhat in the literature, but the following 

classes are proposed by Alvarez-Sieiro et al. : class I (lanthionine-containing), class II (non-

lanthionine containing) and class III (Alvarez-Sieiro et al., 2016). Class I contains 
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bacteriocins that are less than 10 kDa and are enzymatically modified, which impacts their 

properties (Alvarez-Sieiro et al., 2016). Class II bacteriocins are also under 10 kDa, they are 

not enzymatically modified and do therefore not require other enzymes than a transporter 

and/or a leader peptidase for maturation (Alvarez-Sieiro et al., 2016). Class III bacteriocins 

are unmodified peptides over 10 kDa (Alvarez-Sieiro et al., 2016). 

Class I can be divided into six subgroups (a-f) that all have different modifications, for 

instance, use of unusual amino acids or glycosylated residues, which gives them different 

properties (Alvarez-Sieiro et al., 2016). Class II can be divided into four subgroups (a-d), 

whereas class IIa consists of peptides that have a flexible hinge that binds the two regions of 

the peptide together and can be divided further into eight subgroups (Alvarez-Sieiro et al., 

2016). Class IIb are bacteriocins that consist of two different peptides and only achieve full 

activity in the presence of both peptides in equal amounts (Nissen-Meyer et al., 2010). Class 

IIc is leaderless and class IId  is a heterogeneous group of unrelated single linear peptide 

bacteriocin with differences in structure, function, and mechanisms (Alvarez-Sieiro et al., 

2016).  

1.2.2 Nature and function of bacteriocins  

For the production of bacteriocins to be beneficial, it needs to have a greater fitness advantage 

than the metabolic cost of production. It also needs to spare mutualistic partner strains and 

avoid resistance developing in the target cells (Heilbronner et al., 2021). The genes 

responsible for bacteriocin production are gathered in complex and variable biosynthetic gene 

clusters (BCGs). These BCGs not only encode the bacteriocin, but also biosynthetic enzymes, 

export proteins, production of immunity mechanisms, and sometimes even regulators for the 

production of bacteriocins (Alanjary et al., 2017). The BCGs are rapidly evolving and are 

frequently exposed to horizontal gene transfer (HGT) (Heilbronner et al., 2021).  For instance, 

a phage-mediated manner of HGT has been observed in bacteriocin encoding genetic islands 

in Vibrio cholerae (Thomas et al., 2017). Many of the BCGs are associated with mobile 

genetic elements such as plasmids or genetic islands with a GC content that can be 

distinguished from the average of the rest of the genome (Zipperer et al., 2016). 

Bacteriocins are seen as quite stable molecules and they use highly diverse mechanisms for 

their antimicrobial activity. Some bacteriocins work by degrading essential components, 

while others inhibit specific molecular targets for example molecules necessary for bacterial 

cell wall synthesis (Heilbronner et al., 2021). Most bacteriocins show antimicrobial activity 

against closely related species and bacteriocins like microcin and colicins are shown to have a 
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small target spectrum because of the dependence of cellular receptors on the targets 

(Heilbronner et al., 2021, Baquero et al., 2019). Small bacteriocins produced by Gram-

positive bacteria seem to have a broader spectrum and to be able to affect unrelated bacteria 

(Sánchez-Hidalgo et al., 2011, Liu et al., 2020). This kind of cross-phyla activity of 

bacteriocins produced by Gram-positive bacteria has been observed in Enterococcus, Blautia, 

Lactobacillus, and Staphylococcus isolates (Simons et al., 2020, Kim et al., 2019, Corr et al., 

2007, Janek et al., 2016).  

The production of bacteriocin comes at a high metabolic cost and it can affect the growth rate 

of the producer (Maldonado‐Barragán and West, 2020). As well as the metabolic cost tied 

directly to the production, there is also a cost associated with the maintenance of the BCGs, 

the transfer of BCGs to the next generation of bacteria, and the self-resistant mechanisms 

(Heilbronner et al., 2021). The production of bacteriocins is therefore tightly regulated and a 

system called quorum sensing is often used for this purpose. This system gives the bacteria 

the possibility to sense the growth of competitors compared to their growth and to 

communicate and cooperate (Zheng et al., 2015, Nes et al., 1996). The bacteriocins can also 

be used to interact with the host and it is observed that the cytokine production of dendritic 

cells can be modulated by plantaricin, which is a bacteriocin produced by Lactobacillus 

plantarum (Meijerink et al., 2010, Zheng et al., 2015).  

It is generally acknowledged that bacteria produce bacteriocins to gain an advantage against 

their competitors (Ghoul and Mitri, 2016). The advantage can be tied to the competition for 

nutrition, like carbon, phosphorus, and so on, or it can be tied to the competition for space for 

example in the human body. The killing of the competition will also result in the release of 

cellular components to the environment and both Streptococcus pneumonia and Vibrio 

cholerae are shown to take up DNA from the lysed target bacteria (Shanker and Federle, 

2017, Borgeaud et al., 2015). It is also possible that the bacteriocins can be used to kill target 

bacteria for the release of essential nutrients (Brugger et al., 2020). 

1.2.3 Application of bacteriocins  

The number of characterized bacteriocins is increasing rapidly and it is estimated that more 

than 99 % of bacteria can produce at least one bacteriocin (Riley and Wertz, 2002). In 

addition, many LAB bacteria are generally regarded as safe (GRAS) and possess the status of  

Qualified Presumption of Safety (QPS), and their bacteriocins are therefore also regarded as 

safe to use (Alvarez-Sieiro et al., 2016). The number of new antibiotics to be introduced is 

however low and the use of broad-spectrum antibiotics will also affect the commensal 
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bacteria and cause unbalance (Gabant and Borrero, 2019, Villarreal et al., 2012). Since 

bacteriocins often attack specific closely related bacteria of the producer, they have been seen 

as less intrusive than broad-spectrum antibiotics (Mills et al., 2017). These high potency and 

low toxicity peptides can be bioengineered and produced in situ by probiotics (Cotter et al., 

2013). 

Since bacteriocins are seen as a natural product, they are already used to increase the shelf life 

of different foods and both nisin and pediocin PA-1 are used as food additives (Alvarez-Sieiro 

et al., 2016). Bacteriocin can also control food-born pathogenic bacteria by being added to 

packaging films. This prevents the degrading of the bacteriocin by the food components, by 

gradually releasing the bacteriocin into the food (Guerra et al., 2005). As well as having an 

antimicrobial effect, some bacteriocins have also shown an effect on cancer cells (Yang et al., 

2014) and a study on zebrafish showed that the bacteriocin microcin E492 reduced the size of 

the tumours in zebrafish larvae (Varas et al., 2020).  

1.2.4 Bacteriocins produced by the genus Streptococcus 

Bacteria from the genus Streptococcus, which belong to the phyla Firmicutes, are facultative 

anaerobic and usually occur in chains or pairs (Davey et al., 2016). Streptococci can 

frequently be found in the mucosa that covers the human body and some of them are harmless 

and regarded as safe, while others are pathogenic to humans and animals (García-Curiel et al., 

2021). This genus is often studied for its competence and for its ability to produce 

antimicrobial peptides, such as bacteriocins to kill competition (García-Curiel et al., 2021). 

The members of the genus Streptococcus can produce bacteriocins belonging to all the three 

classes previously described, but it is the class I and class II bacteriocins that dominate 

(García-Curiel et al., 2021). The blp gene cluster consists of at least two operons, encodes 

class II bacteriocins, and is responsible for the bacteriocin production in both S.pneumoniae 

and Streptococcus thermophilus (García-Curiel et al., 2021). The first operon is called 

blpABC and it is responsible for the ABC transporter protein with associated ATPases and 

BlpC, which is a peptide for induction of quorum detection (Renye et al., 2019). The second 

operon is called blpHR and encodes BlpH, which is the response regulator, and BlpR, which 

is a histidine kinase (Wang and Dawid, 2018).  

The streptococci produce bacteriocins for different purposes. For instance, Streptococcus 

mutans produces bacteriocins for defence, while Streptococcus salivarius uses bacteriocins 

for predation (Lemos et al., 2019, Mignolet et al., 2018). The bacteriocins produced for 
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predation will destabilize the target cell by generating perforations in the membrane and this 

results in the death of the target cell. Cellular material will then be released to the 

surroundings and can be taken up by S.salivarius, which then can acquire new DNA (Talagas 

et al., 2016). 

1.3 Approaches to study the human gut microbiota 

Even though microorganisms are abundant and can be found everywhere, the mechanical 

knowledge of the many key roles they play is lacking (Biteen et al., 2016). Only a small 

fraction of the gut microbiota in humans have successfully been isolated and studied as pure 

cultures (Biteen et al., 2016, Rajilić-Stojanović and De Vos, 2014). Therefore, methods like 

metagenomics, metatranscriptomics, and metaproteomics have become increasingly important 

for identifying the microbes in complex samples and for understanding their functional roles.  

1.3.1 Cultivation of bacteria 

Different cultivation techniques can be used to grow and maintain stable populations of 

bacteria under laboratory conditions. To be successful with the cultivation, general knowledge 

of the bacteria of interest must first be obtained. Bacterial species have different preferences 

when it comes to the presence of oxygen, nutrients, optimal pH, and optimal temperature. The 

different oxygen preferences can be obtained by using atmosphere generation systems, which 

makes it possible to grow bacteria under aerobic, anaerobic, and microaerophilic conditions.  

To meet the different nutritional needs of the bacteria, diverse types of media can be used. 

Media that are selective can promote or suppress the growth of certain species, while non-

selective media can promote the growth of a wide range of species (Bonnet et al., 2020). The 

chosen medium can be used in a solid form if agar is added to the formula or in a liquid form 

as a broth culture. Broth cultures have been found to obtain a greater mass of bacteria because 

the bacteria have better access to nutrients and waste products are diluted compared to in a 

solid medium (Bonnet et al., 2020). To be able to store bacteria over longer amounts of time, 

they may be grown in a liquid media and then added to glycerol which permits storage at -80 

degrees 

1.3.2 Metagenome analysis  

A standard method for characterizing complex microbial communities is by using high-

throughput sequencing on the 16S ribosomal RNA (rRNA) gene (Nguyen et al., 2016). All 

bacteria express the functionally consistent and experimentally manageable 16S rRNA gene 

and it can therefore be used to amplify all bacteria present in a sample (Winand et al., 2019, 
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Angell et al., 2020). The focus of the 16S rRNA analysis is on one gene, while a shotgun 

metagenome sequencing approach potentially will sequence all DNA fragments present in the 

sample. This approach has been found to gather substantially more information and to give 

rise to less bias than the 16S rRNA sequencing approach (Milani et al., 2017). The bottleneck 

of this method is however that it requires substantial processing power to be able to interpret 

all the data obtained and it is too expensive in many cases. Methods such as Reduced 

Metagenome Sequencing (RMS) that sequence only parts of the metagenome, have therefore 

been developed (Ravi et al., 2018).  

In 1977, Fredrick Sanger and his colleagues published a method called Sanger sequencing 

which was a part of the first-generation sequencing (Sanger et al., 1977). The method is based 

on the use of monomers of DNA strands called deoxynucleotide triphosphates (dNTPs) and 

radiolabelled dideoxynucleotide triphosphates (ddNTPs) specific for each of the four DNA 

bases (Sanger et al., 1977). The second generation of sequencing is also referred to as next-

generation sequencing (NGS) and by parallelizing many reactions, these methods made the 

analysis of DNA much more efficient (Heather and Chain, 2016). Illumina sequencing is an 

example of a widely used NGS technique that gives many accurate and short reads (Illumina, 

2022). The third generation of sequencing or long-read sequencing made it possible to 

directly sequence single DNA molecules and therefore skip the amplification step (Heather 

and Chain, 2016). A well-known technique in this group is called Oxford Nanopore 

sequencing and it generates long reads that can be up to 2 Mb long. This technique is based on 

nanopores attached to a membrane, which have ionic currents running through them (Magi et 

al., 2018). The goal of Nanopore is “To enable the analysis of anything, by anyone, 

anywhere” (Oxford Nanopore, 2021). 

1.3.3 Polymerase chain reaction (PCR) 

The polymerase chain reaction (PCR) was developed in the early 1980s by Kary Mullins and 

has since then become a common technique used in laboratories all over the world for 

different purposes (Bartlett and Stirling, 2003). Even though the technique itself was not 

established to solve a problem, it has become a solution to many problems as they appear 

(Bartlett and Stirling, 2003). PCR can be used to make millions of copies of a specific part of 

the DNA by using three steps: denaturation, annealing, and elongation. 

Today, different PCR techniques have been developed to fit the many different requirements 

in molecular biology. One of these techniques is called Qualitative PCR and makes it possible 

to confirm that it is the sequence of interest that has been amplified. The specificity of the 
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method can be confirmed by using an end-point analysis like a gel-electrophoresis (Broeders 

et al., 2014).  Another technique is the Real-time quantitative polymerase chain reaction (Rt-

qPCR or qPCR) which uses fluorescent probes to measure the amplification of PCR product 

during each thermal cycle. For each cycle, the amount of PCR product will increase, and the 

fluorescent signal will increase correspondingly (Kubista et al., 2006). The Cq-value shows 

how many cycles are required to reach a chosen threshold and can be used to quantify the 

target copy number with the help of a standard curve (Bustin et al., 2005). It is therefore 

possible to gain information about the yield of DNA and to investigate different fragments by 

using qPCR.  

To be able to amplify the correct gene sequence, primers must be designed and optimized. 

The length of the primer is important for the specificity and a good primer should be around 

18-27 bases long with a GC-content of 50 % (Dieffenbach et al., 1993, Geneious, 2022). The 

primers should have annealing temperatures (Ta) in the range of 50 to 65 °C and it is 

important that the difference in the Ta between the forward and reverse primer does not differ 

with more than 4 °C. It is also important to avoid poly-N regions with repetitions and 

secondary structures, such as hairpin loops (Geneious, 2022). To be able to amplify the gene 

from different bacterial species, it is important to place the primers in conserved areas of the 

sequence of interest (Dieffenbach et al., 1993). These areas can be found by aligning the 

sequences and searching for conserved motifs.  

1.3.4 Cell-free protein synthesis 

The most abundant biomolecules in living systems are peptides and proteins, and they are 

critical for structural and functional roles in the cell (Kulkarni et al., 2018). In modern 

biotechnology, there is a high demand for pure and functional proteins, but these requirements 

are not often met by natural protein sources and other recombinant protein factories are 

therefore needed (Sørensen and Mortensen, 2005b). Both in vivo and in vitro techniques have 

been developed for this purpose. The in vivo techniques require a host organism to express 

the protein and both Escherichia coli and Lactococcus lactis are commonly used (Sørensen 

and Mortensen, 2005b, Zhou et al., 2006). In addition to a host, there is also a need for a 

plasmid with the gene encoding the protein of interest (Sørensen and Mortensen, 2005a).  

Cell-free protein synthesis is an example of an in vitro technique and has been used to 

increase the understanding of the translation of mRNA into proteins and to search for new 

antibiotic drugs (Katzen et al., 2005). E.coli is the most used source for the preparation of 

cell-free protein expression, and it can give a yield of up to several milligrams per millilitre 
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reaction (Kigawa et al., 1999). The bacteria with the gene encoding the target protein are first 

cultivated and will then be lysed by for instance mechanical disruptions. DNA can then be 

isolated and purified before the use of a protein synthesis kit. Different protein synthesis kits 

have been developed and one example is the PURExpress system, which can be used on 

purified components from E.coli (New England Biolabs, 2022). This system will preserve the 

integrity of the template DNA and RNA and produce proteins that are free of degradation and 

modification. A one-step reaction is used for both the transcription and translation and in a 

few hours the results will be available (New England Biolabs, 2022). Since bacteriocins are 

peptides produced ribosomally, they are well suited for cell-free protein synthesis (CFPS) 

(Gabant and Borrero, 2019). With the use of CFPS, the bacteriocins are produced outside the 

cell and it is, therefore, no need for signal peptides to transport them out of the cell. The 

bacteriocin library PARAGEN 1.0 was built by Gabant and Borrero based on amino acid 

sequence of the bacteriocins (Gabant and Borrero, 2019). This library can be used to search 

for the bacteriocin sequence and then further for CFPS.  

1.4 PreventADALL cohort 

The samples analysed in this thesis were retrieved from the study “Preventing Atopic 

Dermatitis and Allergies in children” (PreventADALL), which is a multinational population-

based mother-child birth cohort study. The main purpose of PreventADALL is to develop 

strategies to prevent allergic diseases at a low cost and to evaluate if early life factors and 

exposures, such as xenobiotics, microbiota, and intrauterine environment, have an impact on 

the development of allergic diseases, asthma, diabetes, obesity, and cardiovascular diseases 

(Lødrup Carlsen et al., 2018). The study calls attention to the rapid increase of allergic 

diseases and other immune-related diseases in the western world that cannot be explained by 

changes in the genotype (Lødrup Carlsen et al., 2018, RodrÍguez et al., 2015).  

During a period from December 2014 to October 2016, 2697 mothers at 18-weeks pregnancy 

were recruited from Oslo University Hospital, Østfold Hospital, and Karolinska Institute in 

Stockholm. A non-selected, general population was ensured by giving all pregnant women 

attending routinely ultrasound screening at these three hospitals the opportunity to join the 

study, as long as they had sufficient language skills (Lødrup Carlsen et al., 2018). Detailed 

information about the mother’s life was collected in electronic questionnaires and biological 

samples such as blood, urine, skin swabs, and stool samples were collected. The infants 

enrolled in the study the day they were born and were controlled routinely at 3-, 6-, 12-, 24-, 

and 36 months (Lødrup Carlsen et al., 2018). 
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1.5 Aim of thesis 

A previous study identified seven bacteriocins produced by the genus Streptococcus that were 

significantly enriched in the gut microbiota of infants compared to adults (Ormaasen, 

unpublished results). The streptococcal bacteria are among the early colonisers of the infant 

gut and are these seven bacteriocins could therefore be an important part of the competition 

between the bacterial species during the establishment of the gut microbiota. Little is known 

about the function and inhibition spectrum of these bacteriocins, and the main aim of this 

thesis was therefore to study the associations between these bacteriocin encoding genes and 

streptococcal species in the infant gut microbiota. To investigate this main goal, several sub-

goals were set, and they are listed below. 

• Synthesize bacteriocins in vitro 

• Test the activity of bacteriocins against chosen species of Streptococcus 

• Identify the amount of bacteriocin genes in the infant gut, using material from the 

PreventADALL study 

• Associate the amount of bacteriocin genes with the amount of Streptococcus 
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2. Materials and methods 

 

Figure 2.1: Flowchart over the workflow in this thesis. This thesis was based on a bioinformatic study 

performed by Ida Ormaasen. The metagenomes from this study were used to find bacteriocins that were 

significantly enriched in samples taken from infants (0-1 years) compared to adults (2-107 years). The first part 

of the thesis was the cultivation of bacterial strains, in vitro synthesis of bacteriocins, and testing of activity. The 

second part was the search for bacteriocin genes in stool samples taken from infants at 6 months of age, 12 

months of age, and from their mothers. N gives the total number of samples used, while n gives the number of 

samples in each of the groups. 
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2.1 Background information and overview of bacterial strains and samples 

2.1.1 Background information 

This thesis was based on the results of a bioinformatic study by Ida Ormaasen. The 

metagenomes used in the bioinformatic study were found on NCBI/SRA and chosen if they 

were taken from healthy gut microbiotas and marked with the age of the donor. 601 samples 

represented the group of infants (0-1 years), and 1963 samples represented the adults (2-107 

years). Then BAGEL4 and BACTIBASE were used to obtain the protein sequence to 

bacteriocins before the alignment of these protein sequences with the nucleotide sequences of 

the metagenomes with diamond Blastx. A Wilcoxon test was then used to find the 

bacteriocins that were significantly enriched in infants compared to adults. The streptococcal 

bacteriocins used in this thesis were chosen among the resulting bacteriocins from the 

Wilcoxon test (appendix A).  

2.1.2 Samples 

The samples used in this thesis were provided by the PreventADALL study and included stool 

samples taken from infants at 6 months and 12 months of age, and stool samples taken from 

their mothers. The samples were delivered to the Norwegian University of Life Science, and 

they were stored at -80 °C until used for DNA analysis. 

2.1.3 Bacterial strains 

The streptococcal strains cultivated and analysed in this thesis were provided by Leibniz-

institute DSMZ- Deutsche Sammlung von Mikroorganismen und Zelkulturen GmbH. The 

ampoules were provided to NMBU and stored cold and dark in the fridge until use. The 

control strain of L.lactis, the bacteria to the second bacteriocin activity assay, and the control 

bacteriocin UbeK was provided by Thomas Oftedal, Laboratory for Microbial Gene 

Technology at NMBU. 

2.2 Cultivation of bacteria 

The growth media used in this thesis was Tryptic Soy Yeast Extract (TSYE) and Brain Heart 

Infusion (BHI). These media were used as broth, as soft agar with 0.8 % agar powder, and as 

solid growth medium with 1.5 % agar powder. DSMZ’s and VWR’s recipes were followed 

for the preparation of the growth media followed by autoclaving and storage dark, at room 

temperature until use (DSZM GmbH, 2012). See Appendix B for reagents used in TSYE 

medium and BHI medium. 
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The streptococcal strains were received in ampules and were transferred over to TSYE broth 

for incubation at 37 °C overnight. Then glycerol stocks were made for each strain for long-

term storage. Bacteria were spread out on plates with solid TSYE using a plate streak 

technique before incubation at 37 °C overnight. Samples from both the overnight cultures and 

the overnight plates were prepared for microscopy and Sanger sequencing to confirm that the 

right strains were cultivated. Overnight cultures were also used for the bacteriocin activity 

test. The bacteria for the second bacteriocin activity assay were cultivated in BHI medium 

overnight by Thomas Oftedal. 

2.3 Sample preparation and DNA extraction 

2.3.1 Sample preparation and DNA extraction from cultivated bacteria 

Overnight broth cultures of bacterial strains were spun down to make pellets. The pellets were 

washed with PBS buffer and frozen at -20°C until use. Two different protocols were followed 

for the DNA extraction. The first protocol was used on the samples that were going to be 

sequenced with Sanger sequencing. A piece of each pellet and samples taken from overnight 

plates were scraped on the inside of a PCR strip and put in the microwave on full effect for 

two minutes to extract DNA. This protocol was suggested by Daniel Straume, Laboratory of 

molecular microbiology at NMBU. The qubit fluorometer (Invitrogen, USA) was used to 

ensure that the extraction was successful.  

The other DNA extraction protocol was used on the streptococcal samples for the qPCR 

reactions to look for bacteriocin genes. The pellets were dissolved in 200 µL STAR buffer 

and transferred to FastPrep tubes together with 0.2 g acid-washed glass beads (Sigma-Aldrich, 

<106 µm), 0.2 g acid-washed glass beads (Sigma-Aldrich, 425-600 µm), and 0.2 g acid-

washed glass beads (Sigma-Aldrich, 2 mm glass beads). The cells were lysed by using 

FastPrep®-24 (MP biomedicals, France) in two rounds of 4.5 m/s in 40 s. The Mag midi 

DNA extraction kit (LGC Biosearch Technologies, UK) was used on the mechanically lysed 

cells by following the manufacturer’s protocol. The samples were mixed with lysis buffer, 

protease, and ethanol before the mag-particle suspension BLm was added. The samples were 

washed with Wash buffer Blm 1 and 2 before DNA was eluted with Elution buffer BLm. 

2.3.2 Sample preparation and DNA extraction from PreventADALL samples 

Extraction of DNA from stool samples from infants at 6 months, 12 months, and from 

mothers was performed by Karen Sivertsen Utheim by using the MagPure Stool DNA LQ kit 

(Magen, China) and following the instructions from the manufacturer. The stool samples were 
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transferred to bead tubes and mixed with Buffer ATL/PV and Buffer PCI. Mechanical lysis 

was performed by using Fastprep 96 (MP biomedicals, USA) and then incubation at 65°C. 

The KingFisherFlex robot (Thermo Fisher Scientific, USA) was used for the extraction of 

DNA from the stool samples. Supernatant from the mechanically lysed cells was mixed with 

RNase A to degrade RNA present in the samples. The KingFisherFlex plates were prepared 

with Proteinase K, Buffer MLE, MagPure Particles N, Buffer GW1, ethanol, and elution 

buffer. The program “MagPureStoolDNALQv4” was used for the extraction.  

2.4 Polymerase chain reaction 

2.4.1 Primer design  

Primers for the bacteriocin encoding genes were designed using Geneious Prime 2022.1. The 

primers were designed based on the amino acid sequence of the seven bacteriocins identified 

in previous studies by Ida Ormaasen. These sequences were translated into nucleotide 

sequences by using tblastn. The sequences were aligned, downloaded, and used to find the 

conserved areas of the bacteriocin sequences with the help of meme-script.org. Default 

choices were used, except for the number of conserved motifs, which was set to ten. Primers 

were designed to bind these conserved motifs.  

The first sequence of the alignment for each gene was used to design the primer pairs and the 

preferable characteristics for the primers were a GC-content around 50 %, a length of 18-27 

bp, and an annealing temperature between 55-65 °C with no more than two degrees difference 

between forward and reverse primer. The length of the amplicon should be 80-150 bp (Bustin 

and Huggett, 2017). These characteristics were set in the primer design functions of Geneious 

and the primers that matched these characteristics best were tested against sequences from 

other species. If the primers passed this test, they were ordered from Invitrogen by Thermo 

Fisher Scientific and used in the experiments.  

Primers were also tested in silico against reference genomes of different strains of 

Streptococcus on the website http://insilico.ehu.eus/ (San Millán et al., 2013). All the primer 

pairs except the Bov255 primers had reference genomes available. The primers were also 

tested against contigs provided by Ida Ormaasen in the program SnapGene. These contigs 

came from the metagenomes that were used to identify the different bacteriocins in the infant 

stool samples.  
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2.4.2 Cover all PCR  

The reaction mix consisted of 1x HOT FIRE pol polymerase Ready to Load (Solis BioDyne, 

Estonia), 0.5 µL of Mangala F-1, 0.5 µL 16S 1015U R, nuclease-free water, and 2 µL DNA 

template. The final volume of each reaction was 25 µL. 2720 Thermal cycler (Applied 

Biosystems, USA) was used to perform the amplification after the following program: 15 

minutes at 95 °C for initial denaturation followed by 30 cycles of denaturation at 95 °C for 30 

seconds, annealing at 55 °C for 30 seconds, and elongation at 72 °C for 1 minute and 20 

seconds before the samples were cooled to 10 °C. The cover all PCR products were used for 

Sanger sequencing. 

2.4.3 Amplicon PCR 

The reaction mix consisted of 1x HOT FIRE pol Blend Master Mix Ready to Load (Solis 

BioDyne, Estonia), 0.5 µL of PRK341F, 0.5 µL PRK806R, nuclease-free water, and 2 µL 

DNA template. The final volume of each reaction was 25 µL. 2720 Thermal cycler (Applied 

Biosystems, USA) was used to perform the amplification after the following program: 15 

minutes at 95 °C for initial denaturation followed by 25 cycles of denaturation at 95 °C for 30 

seconds, annealing at 55 °C for 30 seconds, and elongation at 72 °C for 45 seconds before 72 

°C for 7 minutes and then cooling to 10 °C.  

2.4.4 Index PCR 

The cleaned products from the amplicon sequencing were used in an Index PCR performed by 

Kamilla Rotvold and Marianne Sundet Frøseth. 16 forward primers and 36 reverse primers 

were used so that each sample got a unique combination of primers and could be recognized 

after Illumina sequencing. A reaction mix was made with 1x HOT FIRE pol polymerase RTL 

(Solis BioDyne, Estonia), 0.2 µL forward primer, 0.2 µL reverse primer, 2 µL purified PCR 

product, and nuclease-free water so that the final volume was 25 µL. The samples were 

amplified with  2720 Thermal cycler (Applied Biosystems, USA) for 5 minutes at 95 °C for 

initial denaturation followed by 10 cycles of denaturation at 95 °C for 30 seconds, annealing 

at 55 °C for 1 minute, and elongation at 72 °C for 45 seconds before the samples were held at 

72 °C for 7 minutes and then cooled to 10 degrees (Rotvold, 2022, Frøseth, 2022). 

2.4.5 Gradient PCR  

Gradient PCR was used to find the optimal annealing temperature for the designed primer 

pairs. The amplicons from which the primers were designed from, were used as a positive 

control. The amplicon was received as 250 ng dry DNA and was added 50 µL water so that 

the start concentration was 5 ng/µL. A 10-fold dilution series were made until a 10-7 dilution 
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and water was used as a negative control. The reaction mix consisted of 1x HOT FIREPol® 

EvaGreen qPCR supermix (Solis BioDyne, Estonia), 0.2 µM of each primer, 2 µL template 

DNA, and nuclease-free water so that the final volume was 20 µL. Mastercycler gradient 

(Eppendorf, Germany) was used for the amplification with the following program: 95°C for 

15 minutes, followed by 40 cycles of 95 °C for 30 seconds, Ta estimated by Geneious prime 

for each primer ± 7 °C for 30 seconds, and 72°C for 45 seconds. The products were analysed 

with gel electrophoresis.  

The gradient PCR machine needed service when the other primers were tested, and PCR runs 

with different temperatures were therefore used to find the optimal annealing temperature for 

the remaining primers. The same reagents were used with the following program 95°C for 15 

minutes, followed by 40 cycles of 95 °C for 30 seconds, Ta for 30 seconds, and 72°C for 45 

seconds. Ta was set to 56°C, 60 °C, and 64 °C in the three runs. The products were analysed 

with gel electrophoresis to estimate the optimal annealing temperature.  

2.4.6 Quantitative PCR 

The reaction mix contained 1x HOT FIREPol® EvaGreen qPCR supermix (Solis BioDyne, 

Estonia), 0.2 µM of each primer, 2 µL template DNA, and nuclease-free water so that the 

final volume was 20 µL. CFX96 Touch™ Real-Time PCR Detection System (Bio-Rad, USA) 

was used for the amplification with the program: 95°C for 15 minutes, followed by 40 cycles 

of 95 °C for 30 seconds, 60/67°C for 30 seconds, and 72°C for 45 seconds. A High-

Resolution Melting (HRM) analysis was also included. This qPCR was used both to test if 

there were enough DNA present in the stool samples and to test if there were bacteriocin 

genes present in the stool samples.  

2.4.7 High resolution melting analysis 

The qPCR products were analysed with a High-Resolution Melting (HRM) analysis by the 

CFX96 Touch™ Real-Time PCR Detection System (Bio-Rad, USA). This analysis made it 

possible to verify that the amplicon of interest had been amplified based on its melting point. 

The melting point of a DNA fragment depends on the length of the fragment and the GC 

content. CFX96 Touch™ Real-Time PCR Detection System (Bio-Rad, USA) was used to 

perform the HRM by raising the temperature from 60°C to 95°C and detecting the melting 

temperatures of the amplicons.  
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Table 2.1: Primers designed and used in this thesis. Each bacteriocin gene has two primers, one forward and 

one reverse.  

Target gene Primer Primer sequence F/R (5’ – 3’) Reference  

blpU BlpU_forward AAAGCAGGTGTTGGAGGAGG This work 

BlpU_reverse GTATAGCTCCTCCCACAGCAC 

blpD BlpD_forward ATGGCAACTCAAACAATTGA

AAACT 

This work 

BlpD_reverse CTCATCACAGGACAACCCACC 

blpK BlpK_forward GGAGGAGCGTTTGGAGGTAA This work 

BlpK_reverse TGCACCACCTAGAACACCAC 

blpU_2 BlpU_2_forward TGGATGTAGCTGGGGAGGTT This work 

BlpU_2_reverse GACAGCACCTTGCCAAGTAC 

blpK_2 BlpK_2_forward ACTGAAATGCTTGCTTGCGT This work 

BlpK_2_reverse TGCCTAGTTGAAGACCTCTTG

C 

blpJ BlpJ_forward ATGCTTGCGAAAGTTGAAGG

G 

This work 

BlpJ_reverse CTGCTCCAGTTCCACCAGTT 

bov255 Bov255_forward ACTTTCTACTGTGGAAGGCGG This work 

Bov255_reverse ATAACCCCACTCACCATTGCT 

16S rRNA Mangala F-1 TCCTACGGGAGGCAGCAG Genetic Analysis 

16S 1015U R CGGTTACCTTGTTACGACTT 

Region V3-V4 

of 16S rRNA 

gene 

PRK341 F TCCTACGGGAGGCAGCAGT (Nadkarni et al., 2002) 

PRK806 R GGACTACCAGGGTATCTAATC

CTGT 

 

2.4.8 Purification of PCR products 

The PCR products were purified manually by following the AMPure Clean-up protocol. 

AMPure XP beads were used to bind the PCR product and isolate it while removing the 

smaller fragments from the library. The ratio between the PCR products and the AMPure XP 

beads was 1:1. Freshly made 80 % ethanol was used to wash the samples and nuclease-free 

water was then used to eluate the cleaned PCR products. 

2.5 Qualification of streptococcal strains and quantification of DNA 

2.5.1 Microscopy 

Light microscopy was used as a quick method to observe the cell morphology of the 

cultivated bacterial strains and thereby assure that bacteria from the right genus were used in 

the further analysis. The morphology of bacteria in the genus Streptococcus does typically 

have a coccoid shape and usually occurs in chains or pairs (García-Curiel et al., 2021). If 

these characteristics were observed, the cultures were analysed further. 
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2.5.2 Qubit 

Qubit® dsDNA HS Assay Kit (Invitrogen, USA) was used to quantify DNA in the different 

samples. The dye used in this assay is highly selective for double-stranded DNA and emits 

fluorescence when bound to dsDNA. This fluorescence is then detected by the Qubit 

Fluorometer (Invitrogen, USA). The manufacturer’s recommendations were used on 2 µl 

sample and 198 µl working solution.  

2.5.3 Gel electrophoresis 

Gel electrophoresis was used to study the length of DNA from different samples. The gel 

contained 1 % agarose and 1 x PeqGreen. The gel will consist of a network formed by the 

added agarose. Because of the applied electrical voltage, the negatively charged nucleic acid 

fragments will migrate through this network and they will be separated based on their size. By 

using a 100 bp ladder as a reference, it was possible to determine the size of the different 

fragments and compare it to what was expected. PCR fragments where 1x HOT FIREPol® 

EvaGreen qPCR supermix (Solis BioDyne, Estonia) had been used were stained with loading 

dye. The gel was run for 30 min with 80 V and 400 mA. To visualize the bonds UV lights 

were used in the MolecularImager® Gel Doc™ XR Imaging system with Quantity One 1-D 

analysis software (Bio-Rad, USA).  

2.5.4 Sanger sequencing 

To prepare the samples for Sanger sequencing, 5 µL of cover all PCR products were mixed 

with 5 µL 5 µM forward primer (Mangala F-1). The samples were stored in the fridge before 

transport to Eurofins Genomics in Germany for sequencing.  

2.5.5 Illumina sequencing 

The index PCR samples were pooled together in a library, based on results from the Qubit 

quantification. This was done with the Biomek 3000 robot (Beckman Coulter, USA) and this 

normalization ensured that each sample contributed the same amount of nucleotide sequences 

to the library. The Ampure protocol was used to purify the pooled library before visualization 

on 1 % agarose gel. This was executed by Kamilla Rotvold and Marianne Sundt Frøseth.  

PhD. Morten Nilsen and head engineer Inga Leena Angell performed the Illumina sequencing 

and sequence processing. KAPA Quantification Kit (Roche Sequencing Solutions, USA) was 

used on the cleaned index PCR samples to quantify the library by following the 

manufacturer’s recommendations. A 10-fold dilution series of the pooled library was made 

together with a reaction mix with 2x KAPA SYBR FAST qPCR Master mix, 10x Primer 
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premix, 2 µL DNA, and PCR grade water so that the final volume was 20 µL. CFX96 

Touch™ Real-Time PCR Detection System (Bio-Rad, USA) was used for the amplification 

with the program: 95°C for 5 minutes, followed by 95 °C for 30 seconds, and 60°C for 45 

seconds. A High-Resolution Melting (HRM) analysis was also included. The results were 

quantified with the KAPA Library Quantification Data Analysis Template. The samples were 

spiked with 15 % PhiX control so that the final concentration was 8 pM. Illumina Miseq 

(Illumina, USE) was used to perform the sequencing.  

2.6 Synthesis of bacteriocins in vitro and screening for bacteriocin activity 

2.6.1 Plasmid isolation 

The plasmid encoding the control bacteriocin was isolated from an overnight broth culture 

using the E.Z.N.A.® Plasmid DNA Mini Kit I following the instructions provided by the 

manufacturer (Omega Bio-Tek, USA). The samples were mixed with solution I which 

contained RNase, solution II for lysis, and solution III for elution before transfer to E.Z.N.A 

miniprep columns with collection tubes. Buffer HBC was used for better binding to the 

column before adding the DNA wash buffer. The washing step was repeated before elution 

with the elution buffer. The concentrations were then measured using NanoDrop so that the 

right amount of DNA was used in the next step.  

2.6.2 Protein synthesis 

The dry plasmids encoding the bacteriocins BlpU, BlpD, BlpK, BlpU_2, BlpK_2, BlpJ, and 

Bov255 were added 40 µL nuclease-free water so that the final concentrations were 125 

ng/µL. The PURExpress® In vitro Protein synthesis kit was used together with the 

PureExress Disulphide Bond Enhancer for the protein synthesis following the instructions 

provided by the manufacturer (New England Biolabs). The reaction mix contained 10 µL 

Solution A, 7.5 µL Solution B, 1 µL PURExpress Disulphide Bond Enhancer 1, 1 µL 

PURExpress Disulphide Bond Enhancer 2, 3.5 µL nuclease-free water, and 2 µL template 

DNA. The reaction mix for the control bacteriocin Ube K contained 10 µL Solution A, 7.5 µL 

Solution B, 5.5 µL nuclease-free water, and 2 µL template DNA. All the reactions were 

incubated at 37 °C for two hours and the reactions were stopped by putting them on ice. The 

antimicrobial activity was tested shortly after, since the bacteriocins are hydrophobic and 

therefore quickly precipitates and therefore are considered unstable.  
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2.6.3 Antimicrobial activity assay 

Agar plates with 40 mL solid TYSE agar were prepared beforehand. 200 µL overnight 

cultures of the bacterial strains were mixed with 10 mL TYSE soft agar and vortexed for 1-2 

seconds before spreading on the solid agar plates. The plates were left to dry and then 3 µL of 

each of the reaction mixes from the protein synthesis were added to marked spots. The plates 

were incubated overnight at 37 °C in microaerophile conditions, except for L.lactis which 

were incubated in aerobic conditions. Inhibition by the bacteriocin was indicated as clear 

zones in the soft agar. For the second bacteriocin activity assay, BHI medium was used and 

the plates were incubated at 30 °C in aerobic conditions. 

 

Figure 2.2: Bacteriocin activity assay was used to test if any of the in vitro produced bacteriocins inhibited 

the growth of the cultivated Streptococcus. The figure is made in BioRender.   

 

2.7 Data analysis 

2.7.1 16S rRNA data 

The 16S rRNA sequencing results were analysed by PhD. Morten Nilsen. Because of the low 

quality, all the forward reads were removed, and reverse reads were shortened to 220 bp to 

further optimize the quality. Also, the primer binding sites were removed together with 

sequences with an expected error mean below 1.0. A threshold of 97 % was set for the 

clustering of sequences into OTUs. Amplicons containing chimeric sequences were removed 

before the taxonomic annotation was performed with the database RDP taxonomy 18. 

The processed data was used to investigate differences between the three groups: infants at 6 

months of age, infants at 12 months of age, and mothers. Data were collected from 168 

samples, where 56 samples belonged to each group. The total number of OTUs, OTUs 
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classified to the genus Streptococcus and the number of reads belonging to different OTUs 

was studied and compared between the three groups of samples. 

2.7.2 Kruskal Wallis test 

The Kruskal Wallis test is a non-parametric one-way ANOVA test that can be used to test if 

one variable is significantly different between two or more groups. The test was performed to 

investigate the associations between Streptococcus and age in the three groups of samples. To 

perform the test, the 16S rRNA sequencing data was uploaded in RStudio and grouped into 

infants at 6 months, 12 months, and mothers. The test was performed between the groups and 

the significance level was set to 0.05. The test was also used to see if there were any 

associations between bacteriocins and Streptococcus gut microbiota.  

2.7.3 Student t-test 

The student t-test can be used to see if the means of two groups are significantly different 

from one another. The test was performed on groups where the Kruskal Wallis test had shown 

a significant difference, to test which group contained more streptococcal reads. RStudio was 

used for the testing with a significance level of 0.05.   
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3. Results 

3.1 Characteristics of cultures and verification of bacterial strains 

The initial cultivation of bacteria was checked with light microscopy to verify that it was 

indeed the streptococcal bacteria growing on the plates and in the broth cultures. The genus 

Streptococcus is typically observed as coccoid cells that occur either in pairs or chains 

(García-Curiel et al., 2021). These caracteristics were observed for all the six cultivated 

strains and are shown for S.salivarius, Streptococcus sanguinis, and Streptococcus equinius in 

figure 3.1.  

Figure 3.1: Light microscopy of S.salivarius (1), S.sanguinis (2), and S.equinius (3) grown microaerophile 

at 37 °C. The pictures show cells from overnight cultures of the streptococcal strains cultivated on TSYE plates. 

The cells show the typical coccoid shape and appear in pairs or longer chains. 

Since it was only the genus Streptococcus that was confirmed by using the light microscope, 

Sanger sequencing was performed to ensure that the right strains were cultivated and used for 

further experiments. All the six different streptococcal strains were identified among the 

plates, and all showed both coverage and identity above 99 %. They could therefore be used 

in the bacteriocin activity assay and to identify the presence of bacteriocin genes. Some 

contamination issues occurred in the early process, but the contamination source was found 

and removed as described in appendix C. 

3.2 Activity of bacteriocins 

A spot-on-lawn inhibition assay was performed to test if the bacteriocins inhibited the growth 

of the streptococcal strains. All the seven bacteriocins were tested against overnight cultures 

of all the six streptococcal strains. L.lactis with the bacteriocin UbeK was used as a positive 

control since a pilot study had shown that L.lactis was inhibited by UbeK (results not 

included).  
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Figure 3.2: Antimicrobial effect of bacteriocins on S.equinus (1), Streptococcus infantarius (2), S.sanguinis 

(3), Streptococcus vestibularis (4), S.thermophilus (5), S.salivarius (6) and L.lactis (7). The figure shows the 

results of the first bacteriocin activity assay. The marking A-H corresponds to the marking on plate 8 and shows 

where the different bacteriocins were added to the plates with TSYE medium. The antimicrobial effect of the 

bacteriocins is observed as small circles where the bacterial growth was inhibited, marked with red circles. The 

plates were incubated microaerophile at 37 °C overnight.  

None of the streptococcal bacteriocins gave inhibition of the tested bacteria, as seen in figure 

3.2.  Inhibition zones were only observed where the control bacteriocin Ube K had been 

applied and this bacteriocin was able to inhibit the growth of S.infantarius, S.sanguinis, 

S.vestibularis, S.salivarius, and L.lactis. Streptococcal bacteria have previously been shown to 

inhibit the growth of bacteria belonging to the genera Enterococcus, Listeria, and 

Lactococcus. Another bacteriocin activity assay was therefore performed with strains 

belonging to these genera cultivated with BHI medium.    
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.  

Figure 3.3: Antimicrobial effect of bacteriocins on Enterococcus 

faecium 17 (1), Enterococcus faecium 19 (2), Listeria innocua (3), 

Enterococcus fecalis 16 (4), Enterococcus fecalis 12 (5) and L.lactis (6). 

The figure shows the results of the second bacteriocin activity assay, where 

the bacteria were cultivated on BHI plates at 30 °C overnight. The marking 

A-H corresponds to the marking on plate 7 and shows where the different 

bacteriocins were added to the plates with BHI medium. The antimicrobial 

effect is shown as small circles of growth inhibition at the site where the 

bacteriocin was added, marked with red circles. The plates were incubated 

aerophile at 30 °C overnight. 

 

Also, the second bacteriocin activity assay showed inhibition of growth only by UbeK, as 

shown in figure 3.3. 

3.3 Investigation of the presence of bacteriocin genes in stool samples 

3.3.1 Primer design and optimization  

A primer pair had been designed for each of the seven bacteriocin genes used in this thesis. 

Three rounds of in silico testing were performed before the primers were used to investigate 

the presence of bacteriocin genes in stool samples. The initial test was done in Geneious 

where the primers were tested on aligned sequences from other bacterial species. The second 

test was performed against reference strains, based on the BAGEL4/BACTIBASE 

classification of the bacteriocins. The last test was in SnapGene against the contigs used to 

identify the bacteriocins.   
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Table 3.1: In silico testing of designed primers. The results from the three rounds of in silico tests are 

summarized in the table. The first test was performed in Geneious against aligned sequences, the second online 

against reference genomes based on BAGEL4/BACTIBASE, and the third in SnapGene against contigs (marked 

Bac). x marks where both forward and reverse primer bound to template and gave amplicons with expected 

length. F marks where only forward primer bound to template.  

Primer 

pair 

Aligned 

sequence 

Reference 

genome 

Bac682 Bac808 Bac809 Bac935 

BlpU x x - - - - 

BlpD x x F F F F 

BlpK x x x x - x 

BlpU_2 x x - - - - 

BlpK_2 x x - - - - 

BlpJ x x - - - - 

Bov255 x -* - - - - 

*There was no reference genome available for bov255 on the website for in silico PCR 

Table 3.1 shows that all the primers were able to bind in the initial rounds of testing against 

aligned sequences and reference genomes, except the Bov255 primer pair where no reference 

genome was available. Only the BlpK primer pair was able to bind and amplify segments with 

the correct length in the test against contigs, but also the BlpD forward primer was able to 

bind.  

Gradient PCR and gel electrophoresis were performed to determine the optimal annealing 

temperature for the designed primers, see appendix D for gel results. The optimal annealing 

temperature for BlpU was set to 67 °C, while the annealing temperature for the rest of the 

primers was set to 60°C. The primers were optimized further by testing if they gave 

unspecific binding in complex stool samples.  

Table 3.2: Testing of primers against complex stool samples. The column marked expected shows the 

expected melting temperatures if the primers amplify the sequence of interest, from Geneious. The melting 

temperature of the products from the control samples and the complex stool samples are summarized in this 

table, see appendix D3 for melting curves. Complex samples with Tm±1°C of control is marked green and are 

positive for the bacteriocin gene, while red marks the samples that were negative for the bacteriocin gene. – 

indicates that the primer pair did not bind to the complex samples.  

Primer pair Expected (°C) Control product (°C) Complex sample (°C) 

BlpU 83.7 83.5 91-92 

BlpD 80.1 80 - 

BlpK 81.6 80 - 

BlpU_2 81.7 80.5 - 

BlpK_2 83.7 83.5 - 

BlpJ 81.7 80.5 81 

Bov255 80.4 79.5 76 
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The BlpU, BlpJ, and Bov255 primers gave binding in complex stool samples as shown in table 

3.2, but it was possible to separate the unspecific and specific binding based on the melting 

temperature of the amplicons. The binding of BlpU and Bov255 primers were unspecific since 

the melting temperatures of the products were not ±1°C of the control, while the binding of 

BlpJ was specific. The primer pairs were also tested on DNA extracted from the streptococcal 

strains used in the bacteriocin activity assay to see if the bacteriocin genes were present in these 

strains.  

Table 3.3: Testing of primers against DNA extracted from the streptococcal strains. The column marked 

expected shows the expected melting temperatures if the primers amplify the sequence of interest, from 

Geneious. The melting temperature of the products from the control samples and the streptococcal strains are 

summarized in this table, see appendix D3 for melting curves. Samples with Tm±1°C of control is marked green 

and are positive for the bacteriocin gene, while red marks the samples that were negative for the bacteriocin 

gene.  – indicates that the primer pair did not bind to the streptococcal DNA.   

Primer 

pair 

Expected 

(°C) 

 Control  

(°C) 

S.equinus  

(°C) 

S.infantarius 

(°C) 

S.sanguinis  

(°C) 

S.vestibularis 

(°C) 

S.thermophilus 

(°C) 

S.salivarius  

(°C) 

BlpU 83.7  83.5 - - - 76.5 - - 

BlpD 80.1  80 - - - - - - 

BlpK 81.6  80 - - - - 80 86 

BlpU_2 81.7  80.5 - - - - - - 

BlpK_2 83.7  83.5 - - - - 82.5 84.5 

BlpJ 81.7  80.5 - - - - - - 

Bov255 80.4  79.5 - - - - 79.5 - 

 

The same criterion for specific binding was used as with the complex samples and specific 

binding was observed for the BlpK, BlpK_2 and Bov255 primer pair against S.thermophilus 

and for the BlpK_2 primer pair against S.salivarius. Unspecific binding was observed to 

S.salivarius with the BlpK primer pair and to S.vestibularis with the BlpU primer pair. None of 

the other primer pairs bound to the streptococcal DNA. 

3.3.2 Presence of bacteriocin genes in stool samples 

qPCR with 16S rRNA primers confirmed that the amount of DNA in the 100x diluted stool 

samples was sufficient for further analysis. The Cq-values from these qPCR runs did not 

differ significantly between infants at 6 months, 12 months, and mothers. The designed 

primer pairs were used to identify the bacteriocin genes in the samples.  
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Figure 3.4 A-H: Cq-values from qPCR reactions targeting the 16S rRNA, blpU, blpK, blpD, blpU_2, 

blpK_2, blpJ and bov255 gene. The Cq-values were estimated as an average of the samples positive for the gene 

of interest for each of the three groups: infants at 6 months of age, at 12 months of age, and from their mothers. 

For a stool sample to test positive for a bacteriocin gene it had to meet two criteria. The first criterion was that 

the amplified PCR product should have Tm of ±1 °C of the positive control and the second criterion was that the 

amplicon should have a bond length that corresponded to the length of the positive control. No significant 

difference in Cq-values was found between the three age categories within each gene. No samples tested positive 

for the bov255 gene. n gives the number of samples that tested positive for the gene and was used in the 

calculation of the average Cq-value.  

 

Figure 3.4 shows that the samples amplified with the different primer pairs had quite high Cq-

values compared to the samples amplified with the 16S rRNA primer pair. Notice that some 

of the calculations in the figure are based on only one observation or a few observations. Both 

specific and unspecific binding of the primer pairs gave high Cq-values, and it was therefore 

not possible to use Cq-value as a criterion for the presence of bacteriocin. The total number of 

samples that tested positive for each of the seven bacteriocin genes is shown in table 3.4. A 

pattern was observed for the blpD, blpK, and blpJ gene, which seemed to increase with age.  
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Table 3.4: Presence of bacteriocin encoding genes in stool samples from infants at 6 months, 12 months, 

and mothers. The numbers indicate the number of samples where the criteria for positive results were met. The 

first criterion was that the melting temperature should be Tm (from the positive control) ± 1°C and the second 

criterion was that the length of the amplicon should be the same as the positive control. The melting curve and 

the results from the gel electrophoresis are shown in appendix E.  

BACTERIOCIN INFANTS 6 MONTHS INFANTS 12 MONTHS MOTHERS 

BLPU 2 3 1 

BLPD 25 29 31 

BLPK 0 1* 4 

BLPU_2 11 30 26 

BLPK_2 1 8 6 

BLPJ 2 2 14 

BOV255 0 0 0 
* This sample did not meet the criteria Tm± 1°C but was counted as a positive sample since the BlpK primer pair was 

observed to bind multiple of the blp-loci during the testing in SnapGene  

3.3.3 16S rRNA sequencing results 

A total of 1309 OTUs were identified and seven OTUs were classified to the genus 

Streptococcus. The average number of OTUs and the percentage of streptococcal reads in 

each of the three age categories were calculated. 

   

Figure 3.5 A-C: Presence of OTUs, streptococcal OTUs, and streptococcal reads in stool samples from infants at 6 

months, 12 months, and from their mothers. A) The average number of OTUs in samples taken from the three age 

categories. B) The total number of OTUs identified in samples from the three age categories. C) The percentage of 

streptococcal reads among the total number of reads in each of the three age categories. The number of streptococcal reads 

was found to be significantly higher in samples from infants (6 months and 12 months) than in samples from mothers. All the 

168 samples, 56 for each age category, were used for the calculations in A-C.  

Figure 3.5 shows that it was the samples originating from the infants at 12 months of age had 

the lowest number of OTUs present on average, while mothers clearly had the highest number 

of OTUs on average. The number of reads classified to the genus Streptococcus was highest 

in infants at 12 months of age with a presence of 1.69 %, while infants at 6 months had 1.46 

% streptococcal reads and mothers had 0.52 % streptococcal reads, even though more 

streptococcal OTUs were identified among the samples taken from mothers. The 16S rRNA 
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sequencing results was also used to test if there were any associations between age, number of 

streptococcal reads, and presence of bacteriocin.  

3.3.4 Associations between streptococcal reads, presence of bacteriocin, and the three 

sample groups 

Several statistical tests were performed to see if there were any associations between the 

number of streptococcal reads, presence of bacteriocins, and the three sample groups: infants 

at 6 months, 12 months, and mothers (see appendix F). A summary of the statistical tests that 

gave significant results is shown in table 3.5. 

Table 3.5: Student t-tests was used to identify associations between the sample groups, streptococcal reads, 

and the presence of bacteriocins. The table shows the results from two student t-tests with significance level of 

0.05 and both tests show significant results. Also, the different median values from each group in both tests are 

shown. H0: µ1 ≤ µ2, and H1: µ1 > µ2. 

Statistical test p-value Median of streptococcal reads 

More streptococcal reads in infants (6 

months and 12 months) than in mothers 

0.045 Infants 6 and 12 months: 32 

Mothers: 20 

More streptococcal reads from OTU 

nr.2 in samples (infants 12 months) with 

bacteriocin than without 

0.025 With bacteriocin: 31 

Without bacteriocin: 8 

 

As shown in the table above, the number of streptococcal reads was significantly higher in the 

samples taken from infants (6 and 12 months) than from their mothers. This can also be seen 

in figure 3.5 where the number of streptococcal reads in percentage of the total number of 

reads is visualized. Associations between the number of streptococcal reads in OTU nr.2 and 

the presence of bacteriocins were found in the samples taken from infants at 12 months but 

could not be found in mothers or infants at 6 months (see appendix F).  
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4. Discussion 

4.1 Bacteriocin activity 

The bacteriocin encoding blp locus in S.pneumoniae and S.thermophilus has been known for 

several years but still, little is known about the activity of the bacteriocins that are encoded by 

this locus and how this affects their role in the gut microbiota. In this study, six blp-

bacteriocins and a bov255 bacteriocin were studied for their ability to inhibit other bacteria. 

The bacteriocins were synthesised in vitro and evaluated against a set of streptococcal bacteria 

but only the control bacteriocin Ube K gave inhibition of growth. One possible explanation 

was that the bacteriocins had small inhibition spectrums and therefore did not inhibit any of 

the chosen streptococcal strains. This had previously been observed to be the case for the 

bacteriocin BlpK produced by S.pneumoniae, which only inhibited the growth of other 

pneumococci with deficiencies in their blp-locus (Wholey et al., 2019). It would therefore be 

of interest to test the bacteriocins against other pneumococci, but this was not done in this 

thesis because of safety regards.  

Another possibility that was quickly dismissed was that all the streptococcal strains encoded 

all the seven bacteriocin genes. To evaluate this hypothesis DNA extracted from the 

streptococcal strains was included in the qPCR reactions with the designed primer pairs. The 

qPCR results in table 3.3 show that S.thermophilus encoded the blpK, blpK_2, and bov255 

gene and S.salivarius encoded the blpk_2 gene. Even though the other strains did not test 

positive for the bacteriocin genes, they might have acquired the immunity genes. For instance, 

the immunity mechanism against the Bov255 bacteriocin has previously been found to 

resemble the immunity mechanisms against Nisin and this is a phenotype that develops 

quickly among bacteria (Mantovani et al., 2002).  

Previous studies have shown that bacteria from the genus Streptococcus often inhibit the 

growth of bacteria belonging to the genera Enterococcus and Listeria (Rossi et al., 2013, 

Fontaine and Hols, 2008). Another bacteriocin activity assay was therefore performed to test 

if this could be the case among these bacteriocins, but no inhibition was observed. As 

discussed previously regarding the streptococcal strains, these bacteria might be immune to 

the bacteriocins, or they may be outside the inhibition spectrums of the bacteriocins. 

One interesting possibility was that there had been a classification error in the databases 

BAGEL4 and BACTIBASE, which were used to identify and classify the bacteriocins from 

the bioinformatic study that was fundamental for this thesis. As previously mentioned, the 
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classification of bacteriocins varies somewhat in the literature and the classification in 

BAGEL4/ BACTIBASE was used as the starting point for the planning of this thesis. The 

bacteriocins were classified to subclass IId, except BlpK from S.thermophilus which was 

classified to subclass IIa and BlpD from S.thermophilus which only was classified to class II. 

Other studies have however placed the blp-bacteriocins in class IIb, which means that they 

consist of two different peptides and are dependent on both peptides to gain full activity 

(Fontaine and Hols, 2008, Rossi et al., 2013, Wholey et al., 2019). These studies found that 

the BlpU bacteriocin were dependent on BlpD to inhibit the growth of bacteria such as 

S.thermophilus and L.lactis. Also, the bacteriocin BlpJ was observed to be dependent on 

another bacteriocin called BlpI. If this is the case, then our bacteriocins will not give any 

inhibition when added separately. A suggestion for further studies would therefore be to mix 

the different bacteriocins and see if this gives any inhibition. 

4.2 Bacteriocin genes in stool samples  

The bioinformatic study that was the foundation for this thesis, observed that the genes 

encoding the chosen bacteriocins were significantly enriched in metagenomes from infants (0-

1 years) compared to adults (2-107 years). The initial hypothesis of this thesis was therefore 

that the seven bacteriocin genes would be enriched in stool samples from infants, but this did 

not seem to be the case based on the qPCR results. The presence of all the bacteriocin genes 

seemed to be reduced in infants at 6 months of age compared to infants at 12 months of age 

and mothers. It was also surprising that three of the seven genes were present in more samples 

from mothers than infants. The explanation for this might be that 6 months of age is too late to 

find enrichment of these streptococcal bacteriocin genes among samples from infants. 

Previous studies have shown that the gut microbiota is dominated by streptococcal bacteria 

during the first 10 days of the infant’s life and that the amount is more stable in an adult gut 

microbiota (Gosalbes et al., 2013, Solís et al., 2010). It might be that this stabilization of the 

amount of Streptococcus has occurred already in infants at 6 months of age, and it could 

therefore be interesting to use samples from the first 10 days of the infant’s life. 

4.3 Streptococcus in stool samples 

The results from the 16S rRNA sequencing identified bacterial genera that typically are found 

in the human gut, such as Enterococcus, Bifidobacterium, Lactobacillus, and Streptococcus 

(Solís et al., 2010). The highest average number of OTUs was present in samples from 

mothers, which indicated that mothers had the highest alpha diversity and this was consistent 

with previous knowledge (Derrien et al., 2019). Also, the highest number of OTUs belonging 
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to the genus Streptococcus was identified in samples from mothers. The number of identified 

streptococcal OTUs was the same in infants at 6 months and 12 months.  

The number of streptococcal reads was significantly enriched in samples taken from infants (6 

months and 12 months) compared to mothers. This was expected since the genus 

Streptococcus is among the early colonizers of the infant gut microbiota and dominates the 

microbiota, especially in the first ten days of the infant’s life (Gosalbes et al., 2013, Solís et 

al., 2010). It was therefore a bit surprising that the streptococcal reads made out a bigger share 

of the total amount of reads in infants at 12 months than at 6 months. The reason for this 

might be that the samples taken at 6 months of age are taken too late to observe the initial 

domination of Streptococcus and that the amount of Streptococcus after the domination period 

is almost constant but fluctuates slightly. It could therefore be of interest for further studies to 

look at samples that are taken earlier in the infant’s life.  

4.4 Associations between bacteriocins and streptococcus in stool samples  

Associations between the presence of bacteriocins and streptococcal reads were investigated 

with Kruskal Wallis tests and student t-tests. All the samples were used in the first test to get a 

general overview, but no significant association was found. Only when the samples were 

divided into the three age categories and then further into the seven streptococcal OTUs, an 

association between bacteriocins and streptococcal reads was found. Among the samples from 

infants at 12 months of age, the streptococcal OTU nr.2 was observed to be enriched when 

bacteriocins were present. One possible explanation could be that this streptococcal strain 

produced these bacteriocins and this possible association was therefore also tested in samples 

from infants at 6 months of age and mothers. No association was found between the OTU nr.2 

and bacteriocins among these samples, which might have been expected if this strain was 

producing the bacteriocins.  

4.5 Methodological considerations  

The bacterial strains used in this thesis were chosen from bacterial risk groups 1 and 2 since 

the laboratory used at NMBU was approved for these types of bacteria. Another criterion was 

that they should be relatively safe to work with and not be pathogenic towards humans. 

Therefore, no S.pneumoniae strains were tested even though this could be of interest for 

further studies. Some of the tested bacteria are not usually found in the gut microbiota but 

were tested since they were relatively safe to work with. In the second round of testing for 
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bacteriocin activity, the representative for the genus Listeria was a L.innocua strain since this 

strain was harmless towards humans. 

The results generated by the designed primer pairs indicated that there was some unspecific 

binding and that the specificity of the primers varied quite a bit (appendix D and E). Table 3.1 

showed that it was only the BlpK primer pair that bound and amplified products in the in 

silico test against different contigs. This indicated that the specificity of the primer pair 

probably was more aimed at the blp-locus than only the blpK gene. As seen in appendix E, the 

BlpK primers was the primers that gave most unspecific binding which could be explained by 

the observed lower specificity. The only other primer that bound to contigs was the BlpD 

forward primer and this seems to give rise to less unspecific binding among the other primers 

(appendix D and E). Common for all the primers was that it was possible to distinguish 

between specific and unspecific binding based on the melting temperature and the length of 

the amplified PCR product. To be certain that the primers amplified the sequence of interest, 

it could be wise to sequence the PCR products. The length of the PCR products in this thesis 

was optimized for the PCR reaction and was too short for the clean-up with AMPure beads. 

Therefore, sequencing was not performed and a suggestion for further studies would be to 

design the primers so that the products become long enough for sequencing.   

As seen in figure 3.4 all the primer pairs gave high Cq-values when used in stool samples 

which means that the number of cycles required to give a detectable signal in the qPCR was 

quite high. This was the case both for specific and unspecific binding and Cq-value could 

therefore not be used as a criterion for a positive result. Table 3.1 shows that most of the 

primers did not bind to the contigs from which they were identified, and it was, therefore, 

likely that the primers would underestimate the number of bacteriocin genes present in the 

samples. It was therefore decided that the results would only be presented qualitatively rather 

than quantitative. Further optimization of the primers could therefore be preferred in further 

studies.  

The study of the bacteriocin activity in this thesis may be limited by the synthesis step and 

since there was no positive control for the bacteriocins, there was no way of knowing if the 

synthesis step worked. The method with the PURExpression kit had previously been 

successfully used on the control bacteriocin Ube K but had not yet been confirmed to work on 

the bacteriocins tested in this thesis (Oftedal et al., 2021). Previous studies with these 

bacteriocins have been successful in their synthesis by constructing vectors with the genes of 

interest and using L.lactis for protein expression (Fontaine and Hols, 2008). It was therefore 
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possible that the lack of inhibition zones in the activity assay was caused by an unsuccessful 

bacteriocin synthesis. It could be of interest for further studies to find a method to measure if 

the bacteriocins have been synthesised so that this source of error could be ruled out. Another 

possibility was that the synthesis resulted in non-functional proteins or proteins with low 

activity. 

Some uncertainties were also tied to the 16S rRNA sequencing data. This dataset was only 

based on the reverse reads, since the forward reads had too low quality and this gave smaller 

fragments than if both forward and reverse reads could be used. The analysis was not able to 

classify further than to the genus level and it could be of interest to see if any of the 

streptococcal OTUs found matched the bacteriocin producer strains.   

5. Conclusion and further research  

In this thesis, it was possible to identify seven different OTUs belonging to Streptococcus, 

and these reads were significantly enriched in samples taken from infants compared to 

mothers which were consistent with previous studies. The identification of bacteriocin genes 

in stool samples was also successful. The pattern of bacteriocins identified did, however, not 

seem to fit with the initial hypothesis, since many of the bacteriocins were present in more 

samples from mothers compared to infants.  

The only association between streptococcal reads and bacteriocins was found in samples from 

infants at 12 months of age. Here it was found that streptococcal reads belonging to OTU nr.2 

were enriched in samples with bacteriocins, but this association was not found in samples 

from infants at 6 months of age or mothers. This could possibly be explained by the fact that 

the earliest samples were taken from infants at 6 months of age, which might be too late to 

discover the associations between bacteriocins and streptococcal strains during the 

colonization process. Further studies should therefore include samples from earlier in the 

infant’s life. 

None of the bacteriocins showed any activity during the bacteriocin activity test and this 

might be caused by a classification error, so it would be of interest for further studies to mix 

the bacteriocins. Another explanation was that the protein synthesis did not work for the 

bacteriocins, and it should therefore be tested if there were any bacteriocins produced by the 

synthesis. It might also be wise to add other bacteria typically found in the gut microbiota and 

to look for immunity genes amongst the bacteria.   
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Appendix 
 

Appendix A: Overview of the seven bacteriocins synthesized and used for the 

activity assay 
 

Table A.1: Overview of the seven bacteriocins synthesized and tested for activity in this thesis. The bacteriocins were 

chosen based on their significant presence in gut metagenomes from infants compared to mothers in the bioinformatic study 

by Ida Ormaasen. The classification in the table is based on the results from BAGEL4/BACTIBASE. 

Bacteriocin Bacteriocin 

class 

Producer species Protein sequence (length) 

BlpU 2d Streptococcus 

pneumoniae 

MNTKTMSQFEIMDTEMLACVEGGGCN 

WGDFAKAGVGGGAARGLQLGIKTRTW 

QGAATGAVGGAILGGVAYAATCWW (76) 

BlpD 2 Streptococcus 

thermophilus LMD-

9 

MATQTIENFNTLDLETLASVEGGLSCDEG 

MLAVGGLGAVGGPWGAVGGVLVGAALY 

CF (58) 

BlpK 2a Streptococcus 

thermophilus 

MATQTIENFNTLDLETLASVEGGGCSWRG 

AGGATVQGAIGGAFGGNVVLPVVGSVPG 

YLAGGVLGGAGGTVAYGATCWWS (80) 

BlpU_2 2d Streptococcus 

thermophilus 

MATQTIENFNTLDLETLASVEGGGCSWGG 

FAKQGVATGVGNGLRLGIKTRTWQGAVAG 

AAGGAIVGGVGYGATCWW (76) 

BlpK_2 2d Streptococcus 

pneumoniae 

MDTKMMSQFSVMDTEMLACVEGGGCNW 

GDFAKAGVGGGAARGLQLGIKTGTWQGAA 

TGAAGGAILGGVAYAATCWW (76) 

BlpJ 2d Streptococcus 

pneumoniae TIGR4 

MNTKMLSQLEVMDTEMLAKVEGGYSSTDC 

QNALITGVTTGIITGGTGAGLATLGVAGLAG 

AFVGAHIGAIGGGLTCLGGMVGDKLGLSW 

(89) 

Bov255 2d Streptococcus sp. MNTKTFEQFDVMTDEALSTVEGGGKGYCK 

PVYYAANGYSCRYSNGEWGYVVTKGAFQA 

TTDVIANGWVSSLGGGYFGKP (79) 
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Appendix B: Growth medium 
 

Tryptic soy yeast extract agar/broth (400 mL) 

12 g Tryptic soy broth (Sigma-Aldrich) 

1.2 g Yeast extract (Merck) 

6 g * agar (VWR) 

400 mL H2O  

 

*For TYSE broth, leave out the agar 

 

Brain Hearth Infusion agar/broth (400 mL) 

14.8 g Brain hearth infusion broth (VWR, Belgium) 

6 g* agar (VWR) 

400 mL H2O  

 

*For BHI broth, leave out the agar 
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Appendix C: Measurements to find the early source of contamination 

The streptococcal strains ordered from DSMZ were grown on the TSYE medium (described 

in appendix B) at 37 degrees with microaerophile conditions overnight. When the plates were 

inspected the next day, clear contaminations were observed. To confirm that it was not only 

Streptococcus on the plates, samples taken from the plates were also inspected by light 

microscopy and Sanger sequencing. 

 

Figure C.1: Plates with (1) and without (2) contamination. S.infantarius was spread out using a streak plate 

technique on plates with TSYE agar and was incubated overnight at 37 degrees in microaerophilic conditions. 

Plate nr.1 shows clear contaminations on a plate early in the experiment, while plate nr.2 shows how colonies 

from  S.infantarius were expected to look. The picture to the right is taken after the source of contamination was 

found.  

 

Figure C.2: Light microscopy of plates with contaminations. Picture nr.1 shows bacteria that during the 

Sanger sequencing were confirmed to be Bacillus while the picture nr.2 shows a cell that likely belongs to a 

fungus, these pictures were taken in the early phases of the experiment.  
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Table C.1: Bacterial strains identified by Sanger sequencing and BLAST search. The table shows the 

correspondence between bacterial strains ordered from DSMZ and the BLAST hits based on the results of 

selected samples.  

DSMZ STRAIN BLAST HIT QUERY COVER (%) IDENTITY (%) 

S.EQUINIS Streptococcus equinius 99 99,72 

S.INFANTARIUS Streptococcus infanterius 99 99,71 

S.SANGUINIS Streptococcus sanguinis 99 99,64 

S.VESTIBULARIS Streptococcus vestibularis 99 99,64 

S.SALIVARIUS Streptococcus salivarius 99 99,21 

S.THERMOPHILUS Streptococcus thermophilus 99 99,64 

S.SANGUINIS Lepadogaster lepadogaster 

voucher * 

100 100 

S.SANGUINIS Bacillus licheniformis  

 

100 100 

S.EQUINIS Bacillus licheniformis  100 99,63 

S.EQUINIS Lutra lutra* 100 100 

S.THERMOPHILUS Bacillus hayenesii 99 99,91 

S.SANGUINIS Pseudimonas protegens 89 97,44 

S.SANGUINIS Bacillus anthracis 91 93,4 

S.SALIVARIUS Populus trichocarpa* 100 100 

S.VESTIBULARIS Bacillus licheniformis 98 99,83 

S.INFANTRSIUS Bacillus licheniformis 99 99,51 
*Marks the sequences that were shorter than 30 bp  

 

The streptococcal colonies were supposed to be small and white as shown in the right part of 

figure C.1, but at the start of the experiment, all the plates had contaminations such as the 

plate in the left part of figure C.1. The source of the contamination could possibly be the 

sterile bench, the autoclave, the incubator, or the handling of the plates. To find the most 

likely source of contamination, different measurements were taken. Else Marie Aasen 

provided KPG-plates that were used to test the different hypotheses.  

To exclude the incubator as the contamination source, empty KPG-plates were incubated both 

aerobic and microaerophile in the incubator at 37 °C overnight and for two days. No growth 

was observed on these plates. The next source that was excluded was the sterile bench. This 

was done by putting two KPG-plates with their lids open for 30 sec and 1 min on the sterile 

bench, before incubation at 37 °C. The plates were checked overnight and after two days. 

Neither of these plates had any growth. KPG-plates were also used to test if the streak plate 

technique and the handling of the plates could be the source of contamination, but only 

colonies belonging to the streptococcal strains were observed.  



49 
 

 

Figure C.3: Bottles with TSYE agar and overnight plates with TSYE agar after incubation. The two bottles 

contained the same batch of TSYE agar and stood beside each other in the autoclave, but the agar in the left 

bottle (1) had started to solidify while the agar in the right bottle (3) was still fluent. The plates contain TSYE 

agar from the bottles and were incubated overnight at room temperature. 

The last possible contamination source that was tested was the autoclave. This test was 

performed by making the TSYE medium as described by the manufacturer and autoclaving it. 

The batch was divided into two bottles before autoclaving. The two bottles were taken out of 

the autoclave, but they did not appear to be similar. In one of the bottles, the agar had 

solidified at the bottom, while the agar in the other bottle was liquid. The bottle with liquid 

agar was spread on plates at once, while the bottle with solid agar was warmed in the 

microwave before spreading on plates. All the plates were incubated at room temperature in 

the dark for two days and growth was observed on all the plates. Therefore, the same steps 

were used to make a new batch of TSYE agar, but a new smaller autoclave was used before 

incubation at room temperature in the dark. No growth was observed on these plates after two 

days and the autoclave was, therefore, the likely source of contamination, and the smaller 

autoclave was used throughout this thesis to avoid further contamination.  
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Appendix D: Optimalization of primers and technical issues with the gradient 

PCR 

Appendix D1: Optimalization of annealing temperatures 

Gradient PCR and gel electrophoresis were performed to estimate the optimal annealing 

temperature for the designed primers. The primers were designed based on metagenome 

results from previous studies performed by Ida Ormaasen and this study also showed that the 

BlpU accounted for the highest proportion of the bacteriocins identified in the samples. The 

primer pair designed for BlpU was therefore chosen for the initial testing since it most likely 

would be present in these samples as well. The results of the gradient PCR are shown in 

figure D.1 and the different annealing temperatures are shown in table D.1. 

Table D.1: Annealing temperatures (Ta) used in gradient PCR. The number of the wells corresponds to the 

wells on the three gels.  

Well 1 2 3 4 5 6 7 8 9 10 11 12 

Ta (°C) 52.9 53.2 54.0 55.2 56.8 58.7 60.6 62.5 64.3 65.8 66.9 67.5 

  

 

 

 

 

 

Figure D.1: Gel electrophoresis of the gradient PCR products of BlpU 

amplicon with designed BlpU primers. The numbers of the well 

correspond to the numbers in table D.1 and give the annealing temperature 

used on the samples. The letters A-G tells which dilution of the sample 

was used in the well from 10-1 to 10-7. The gel was run on 80V with 400 

mA for 30 minutes.  
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Figure D.2: PCR products of the designed primers with an annealing temperature of 56 °C (1-2), 60 °C (3-

4), and 64 °C (5-6). The primers were used on the amplicons which they were designed for, and the numbers 

correspond with the dilution of the template from 10-1 to 10-7. The gel was run on 80V with 400 mA for 30 

minutes. 

Figure D.2 shows that all the primers gave amplification with all the three different annealing 

temperatures. Since the BlpK primer pair had bound to multiple contigs during the in silico 

testing this primer pair was the next to be optimized further. On qPCR run with an annealing 

temperature of 64°C and one with an annealing temperature of 60°C were run. 
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Figure D.3: Amplification and melting curves of positive control with the BlpK primer pair and an 

annealing temperature of 64 °C (1,3) and 60 °C (2,4). The pink curves show different dilutions of the positive 

control amplicon,.The threshold (red line) is set above the fluorescence of the background and was used by the 

software to find valid peaks.  

The figure above shows that an annealing temperature of 64 °C gives higher Cq-values than 

an annealing temperature of 60 °C. The melting curves show that lowering the annealing 

temperature to 60 °C did not increase the unspecific binding. 60 °C was therefore tested on 

the remaining primer pairs. 

 

Figure D.4: Amplification (1-2) and melting curves (3-4) of positive controls with the BlpD, BlpU_2, 

BlpK_2, BlpJ, and Bov255 primer pair and an annealing temperature of 60 °C. The yellow curves belong to 

BlpD, orange to BlpU_2, red to BlpK_2, brown to BlpJ, and black to Bov255. The threshold (red line) is set 

above the fluorescence of the background and was used by the software to find valid peaks. 

All the remaining primers gave amplification with 60 °C as annealing temperature.  
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Appendix D.2: Testing of primers on complex stool samples and streptococcal DNA 

All the primers were tested on complex stool samples and DNA extracted from the 

streptococcal strains used in the bacteriocin activity assay. 

 

         

 

Figure D.5: Melting curves of streptococcal DNA, DNA 

from complex stool samples, and positive control amplicon 

amplified by qPCR with the BlpU (1), BlpK (2), BlpD (3), 

BlpK_2 (4), BlpU_2 (5), BlpJ (6), Bov255 (7) primer pair. 

The pink curve shows the positive control amplicon, the brown 

curves show the streptococcal samples, and the blue curve 

shows a complex stool sample. The streptococcal strains that 

tested positive for the gene are marked with green circles. The red line shows the threshold set by the software to 

find the valid peaks. 
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Appendix D.3: Technical issues with the gradient PCR 

Estimation of the optimal annealing temperature of the designed primers was performed by 

using gradient PCR on samples with control DNA. The control DNA used in this experiment 

was the double-stranded amplicons for which these primers were designed. Figure D.1 shows 

that the initial gradient PCR of the BlpU primers gave results that could be used to find the 

optimal annealing temperature for this primer pair. After a few weeks, the Mastercycler 

gradient (Eppendorf, Germany) was used on the BlpK primer pair with dilutions from 10-1 to 

10-7 (A-G) and the annealing temperatures are described in table D.2. 

Table D.2: Annealing temperatures (Ta) used in gradient PCR. The number of the wells corresponds to the 

wells on the three gels.  

Well 1 2 3 4 5 6 7 8 9 10 11 12 

Ta1 (°C) 52.9 53.2 54.0 55.2 56.8 58.7 60.6 62.5 64.3 65.8 66.9 67.5 

Ta2 (°C) 42.9 43.2 44.0 45.2 46.8 48.7 50.6 52.5 54.3 55.8 56.9 57.5 

 

 

 

Figure D.6: Gradient PCR products of BlpK amplicon 

with designed BlpK primers (1,2) and BlpU amplicon 

with BlpU primers (3). The numbers on the wells in gel 1 

and 3 correspond to Ta1 and gel 2 to Ta2 in table D.2. The 

letters A-G tells which dilution of the sample was used in 

the well from 10-1 to 10-7. The gel was run on 80V with 

400 mA for 30 minutes.  

 

 

Figure D.6 (1) shows that it was only the highest dilution of amplicons that were amplified by 

using the blpK primer pair and that the primers seemed to prefer the lower end of the 

temperature scale. Another gradient PCR was, therefore, run on the highest dilution of the 

control DNA, but the annealing temperature was set to 50 ± 7 °C. Also, this reaction gave 

some weak bonds at the lower end of the temperature scale, but this was not expected based 



55 
 

on the results from figure D.6 (1). In figure D.6 (1) it was possible to identify amplification at 

annealing temperature 52.92-58.7 °C and it was therefore expected that the second gradient 

PCR would have bonds in the upper-temperature scale as well. To test if there was something 

wrong with the Mastercycler gradient (Eppendorf, Germany), another gradient PCR with the 

BlpU primer pairs was run. 

The new gradient PCR run of the BlpU primers on the BlpU amplicon gave rise to 

amplification at the lower end of the temperature scale and only at the highest dilution of 

control. This did not correspond with the previous result where bonds were observed for all 

the dilutions and all the annealing temperatures. It was therefore decided that the Mastercycler 

gradient probably needed service and the annealing temperatures of the remaining primers 

were estimated by running three PCR reactions with different annealing temperatures: 56 °C, 

60 °C, and 64 °C.  
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Appendix E: High resolution melting analysis of qPCR amplified samples and gel 

electrophoresis to confirm amplicon length 

 

 

Figure E.1: The melting point graphs of samples from infants at 6 months of age (1,4,7,10), 12 months 

(2,5,8,11) of age, and from mothers (3,6,9,12) amplified with the BlpU, BlpD, BlpK, and BlpU_2 primer 

pair. The pink graph shows the positive control, while the yellow shows the positive samples from infants at 6 

months, green at 12 months, and blue from mothers. The threshold (red line) was used by the software to find 

valid peaks. 

 

Figure E.2: Gel electrophoresis of samples taken from infants at 6 months (1), 12 months (2), and mothers 

(3), amplified with the BlpU primer pair. The gels were run for 30 min with 400 mA and 80 V.   
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Figure E.3: Gel electrophoresis of samples taken from infants at 6 months (1), 12 months (2,3), and 

mothers (4), amplified with the BlpD primer pair. The gels were run for 30 min with 400 mA and 80 V.   

Figure E.4: Gel electrophoresis of samples taken from infants at 6 months(1), 12 months (2), and mothers 

(3), amplified with the BlpK primer pair. The gels were run for 30 min with 400 mA and 80 V.   

 

Figure E.5: Gel electrophoresis of samples taken from infants at 6 months (1), 12 months (1,2), and 

mothers (2,3), amplified with the BlpU_2 primer pair. The panel to the left shows the samples taken from 

infants at 6 and 12 months, the middle shows the samples from infants at 12 months and mothers. The right 

panel shows the samples taken from mothers. The gels were run for 30 min with 400 mA and 80 V.   
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Figure E.6: The melting point graphs of samples from infants at 6 months of age (1,4,7), 12 months (2,5,8) 

of age, and from mothers (3,6,9) amplified with the BlpK_2, BlpJ, and Bov255 primer pair. The pink graph 

shows the positive control, while the yellow shows the positive samples from infants at 6 months, green at 12 

months, and blue from mothers. The threshold (red line) was used by the software to find valid peaks. 

                

      
 Figure E.7: Gel electrophoresis of samples taken from infants at 6 months, 12 months, and mothers, 

amplified with the BlpK_2 (1,2) and BlpJ (3) primer pair. The panel to the left shows the samples taken from 

infants at 6months, and the right shows samples from infants at 12 months and mothers. The gels were run for 30 

min with 400 mA and 80 V.   
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Appendix F: Statistical tests  

Several statistical tests were used to identify any associations between the number of 

streptococcal reads, the presence of bacteriocins, and the sample group. The first test looked 

at infants at 6 months, 12 months, and mothers in three groups and compared the number of 

streptococcal reads between them. The next looked at infants (6 months and 12 months) 

against mothers.  

To find associations between streptococcal reads and the presence of bacteriocins, all the 

samples were divided into two groups: with or without bacteriocin. No associations were 

found, but a couple of outliers were observed as seen in figure F.1. Further testing was 

therefore performed by dividing the samples into three groups based on age and then further 

into the streptococcal OTUs found in the 16S rRNA sequencing. The argument with outliers 

was used here as well to go deeper into the data. The results of the tests are shown in table 

F.1.  

Table F.1: Summary of the statistical tests performed to see if there were any associations between the 

number of streptococcal reads, age, and presence of bacteriocins. The statistical test used was Kruskal Wallis 

test with a significance level of 0.05. The null hypothesis was that there were no differences between the groups 

tested, while the alternative hypothesis was that there was a difference between the groups. The age categories 

refer to the samples taken from infants at 6 months, 12 months, and from their mothers.  

Test for an association 

between 

Origin of samples p-value Median of 

streptococcal reads 

Age categories and number 

of streptococcal reds 

All samples 0.1339 Infant 6 mths: 0 

Infant 12 mths: 0 

Mother: 0 

Streptococcal reads in 

infants (6mths and 12mths) 

and mothers 

All samples  0.045 With bacteriocin: 32 

Without bacteriocin: 20 

*More streptococcal reads 

in infants (6 mths and 12 

mths) than in mothers 

All samples 0.0019 With bacteriocin: 32 

Without bacteriocin: 20 

Number of streptococcal 

reads and presence of 

bacteriocins 

All samples 0.47 With bacteriocin: 31 

Without bacteriocin: 

25.5 

Number of streptococcal 

reads and presence of 

bacteriocins  

Infants 6 months 0.93 With bacteriocin: 0 

Without bacteriocin: 0 

Number of streptococcal 

reads and presence of 

bacteriocins  

Infants 12 months 0.11 With bacteriocin: 0 

Without bacteriocin: 0 

Number of streptococcal 

reads and presence of 

bacteriocins  

Mothers 0.97 With bacteriocin: 0 

Without bacteriocin: 0 

Number of streptococcal 

reads from OTU nr.2 and 

presence of bacteriocins 

Infants 6 months 0.62 With bacteriocin: 18 

Without bacteriocin: 20 
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Number of streptococcal 

reads from OTU nr.4 and 

presence of bacteriocins 

Infants 6 months 0.41 With bacteriocin: 7 

Without bacteriocin: 8 

Number of streptococcal 

reads from OTU nr.1 and 

presence of bacteriocins 

Infants 12 months 0.73 With bacteriocin: 0 

Without bacteriocin: 0 

Number of streptococcal 

reads from OTU nr.2 and 

presence of bacteriocins 

Infants 12 months 0.019 With bacteriocin: 32 

Without bacteriocin: 8 

*More streptococcal reads 

from OTU nr.2 in samples 

with bacteriocin  

Infants 12 months 0.025 With bacteriocin: 32 

Without bacteriocin: 8 

Number of streptococcal 

reads from OTU nr.2 and 

presence of bacteriocins 

Mothers 0.60 With bacteriocin: 0 

Without bacteriocin: 0 

Number of streptococcal 

reads from OTU nr. 3 and 

presence of bacteriocins 

Mothers 0.98 With bacteriocin: 0 

Without bacteriocin: 

21.5 

Number of streptococcal 

reads from OTU nr.4 and 

presence of bacteriocins 

Mothers 0.61 With bacteriocin: 2.5 

Without bacteriocin: 

6.75 

* These tests were performed using an unpaired, one-sided student t-test with H0: equal or less streptococcal 

reads belonging to OUT nr.2 in samples with bacteriocin and H1: more streptococcal reads in samples with 

bacteriocins. The significance level was set to 0.05.   
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Figure F.1: Boxplot displaying the number of streptococcal reads in samples with and without bacteriocin. 

A) The distribution of streptococcal reads amongst all samples with or without the presence of bacteriocin. B) 

The distribution of streptococcal reads amongst samples from infants at 6 months of age with or without the 

presence of bacteriocin. C) The distribution of streptococcal reads amongst samples from infants at 12 months of 

age with or without the presence of bacteriocin. D) The distribution of streptococcal reads amongst samples from 

mothers with or without the presence of bacteriocin. E) The distribution of streptococcal reads among the 

different OTUs in samples from infants at 6 months with respect to the presence of bacteriocin. F) The 

distribution of streptococcal reads among the different OTUs in samples from infants at 12 months with respect 

to the presence of bacteriocin. G) The distribution of streptococcal reads among the different OTUs in samples 

from mothers with respect to the presence of bacteriocin. 

 

 



 

 

 


