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Summary 
 

Bifidobacteria play an important role in the human gastrointestinal tract being one of 

the five predominant genera in the colon. Several health effects have been attributed 

to bifidobacteria which raised growing interest for their application in food and 

medicine. However, their role in the gastro-intestinal tract and especially on the gut 

microbiota balance is still unclear. One important effect could be the inhibition of 

enteropathogenic strains by antimicrobial compounds. Till recently, the antimicrobial 

activity of bifidobacteria has been mainly attributed to the production of organic 

acids, such as lactic and acetic acids. In a preceding study, six Bifidobacterium sp. 

with antilisterial activity against Listeria monocytogenes have been isolated from 

baby faeces. In this study, strain RBL67 and its bacteriocin have been identified and 

partially characterized.  

Bifidobacterium sp. RBL67 was identified as Bifidobacterium thermophilum using a 

polyphasic approach. The strain showed wide temperature and pH ranges for growth, 

from 25 °C to 47 °C and from pH 4 to 8. B. thermophilum RBL67 is aero tolerant but 

does not grow in the presence of more than 2.5 % (v/v) pure oxygen. It is currently 

the first time that a B. thermophilum strain is shown in human faeces. 

Bacteriocin production with immobilized cells was used in repeated cycle batch 

fermentations to increase the very low activity produced by this strain during 

traditional free cell batch culture in modified Perrin medium. Maximum volumetric 

productivity was achieved at pH 6 and 40 °C with 80 AU ml-1 h-1 which was 30 times 

higher than with free cell batch culture (2.6 AU ml-1 h-1). However, highest 

bacteriocin concentration was achieved at pH 5.5 and 35 °C with 256 AU ml-1 

compared to 64 AU ml-1 with free cell batch culture. 

The bacteriocin produced by B. thermophilum RBL67 termed thermophilicin B67 was 

partially purified using three times methanol-acetone extraction and further separated 

using reversed phase HPLC. The extract was loaded first on a semi-preparative C18 

column using an acetonitrile gradient. The active fraction was further purified to a 

single peak by two consecutive injections on an analytical C18 column. MALDI-TOF 

analysis revealed two peptides for this single peak at 5381.6 Da and 5796.8 Da, 

respectively. The N-terminal amino acid sequence could not be determined using 
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Edman degradation which could be due to N-terminal capping or formation of 

micelles in a hydrophilic phase. 
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Zusammenfassung 
 

Bifidobakterien nehmen im Darmtrakt des Menschen eine wichtige Rolle ein und 

gehören zu den fünf wichtigsten Genera der Darmflora. Mehrere 

gesundheitsfördernde Eigenschaften werden ihnen zugeschrieben. Diese 

Eigenschaften haben das Interesse an diesen Gram-positiven Bakterien geweckt. Ihre 

Rolle im Darmtrakt ist aber immer noch nicht ganz klar und wird intensiv untersucht. 

Eine der wichtigen Eigenschaften von Bifidobakterien im Darm könnte die Hemmung 

von enteropathogenen Keimen durch antimikrobielle Substanzen sein. Bis vor 

wenigen Jahren wurde diese antimikrobielle Aktivität der Bifidobakterien den von 

ihnen produzierten organischen Säuren, wie Essigsäure  und Milchsäure, 

zugeschrieben. In einer vorhergehenden Studie wurden sechs Bifidobakterien-Stämme 

aus Baby-Faeces isoliert welche eine durch ein Peptid erzeugte antilisterielle Aktivität 

gegen Listeria monocytogenes aufwiesen. In dieser Arbeit wurde der Stamm RBL67 

identifiziert und charakterisiert. Die Hauptziele der Arbeit waren die Erhöhung der 

Bakteriozinproduktion durch RBL67 und die Aufreinigung des antimikrobiellen 

Peptides (Bakteriozin). 

Bifidobacterium sp. RBL67 wurde mittels eines polyphasischen Ansatzes als 

Bifidobacterium thermophilum identifiziert. Der Stamm wuchs über einen breiten 

Temperatur- und pH-Bereich der von 25 – 47 °C und pH 4 bis pH 8 reichte. Zudem 

war B. thermophilum RBL67 sauerstofftolerant, wuchs jedoch nicht bei einem Gehalt 

von mehr als 2.5 % (v/v) reinem Sauerstoff. Zur Zeit ist dieser Stamm der einzig 

bekannte aus Baby Faeces isolierte B. thermophilum-Stamm. 

Die Erhöhung der Bakteriozin-Produktion wurde mittels immobilisierten Zellen in 

wiederholten, zyklischen Satz-Fermentationen erreicht. Eine maximale Bakteriozin-

Konzentration von 256 AU ml-1 im Überstand wurde bei pH 5.5 und 35 °C in einem 

semi-synthetischen Medium erreicht. Verglichen dazu wurde mittels einer Satz-

Fermentation mit freien Zellen nur eine Konzentration von 64 AU ml-1 erreicht. Die 

höchste volumetrische Produktivität wurde jedoch bei pH 6 und 40 °C mit 80 AU ml-1 

h-1 erreicht. Dies entspricht einer 30-fachen Erhöhung gegenüber der Satz-

Fermentation mit freien Zellen (2.6 AU ml-1 h-1). 
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Das von B. thermophilum RBL67 produzierte Bakteriozin wurde Thermophilicin B67 

genannt und mittels dreifacher Methanol-Aceton-Extraktion teilweise aufgereinigt. 

Die weitere Aufreinigung erfolgte über eine semi-präperative Umkehrphasen-

Chromatographie mit einer C18-Säule und einem Acetonitril-Gradienten. Die aktive 

Fraktion wurde mittels zwei aufeinanderfolgender Umkehrphasen-Chromatographien 

mit einer analytischen C18-Säule bis zu einem einzelnen Peak gereinigt. Mittels 

MALDI-TOF-Analyse dieses Peaks ergab zwei Peptide mit einem Molekulargewicht 

von 5381.6 Da resp. 5796.8 Da. Die N-terminale Aminosäuren-Sequenz konnte 

mittels Edman-Degradation nicht ermittelt werden. Es wird vermutet, das der N-

Terminus für die Analyse blockiert ist oder das hydrophobe Peptid in einer wässrigen 

Umgebung Micellen bildet, welche einen Abbau verhindern. 
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1 Introduction 
 

 

1.1 The Genus Bifidobacterium 

 

In 1899, Tissier discovered the first member of the genus Bifidobacterium which he 

named Bacillus bifidus communis [Tissier, 1899]. It was isolated from feces of a 

breast-fed baby. The name derived from the Y-shaped morphology of the anaerobic, 

Gram-positive bacteria (lat. bifidus: cleft, divided). In 1924, it was proposed to 

reclassify the strain in its own genus Bifidobacterium [Orla-Jensen, 1924]. However, 

it took fifty years till the classification as an own genus was accepted [Buchanan and 

Gibbons, 1974].   

 

1.1.1 Genus description 

 

The genus Bifidobacterium belongs to the class Actinobacteria which includes Gram-

positive bacteria with high G+C-content in their genomes [Schleifer and Ludwig, 

1995;  Stackebrandt et al., 1997], although the murein structure of the cell wall is 

more similar to that of Lactobacillaceae than to Actinomycetaceae, a family of the 

class Actinobacteria [Kandler and Lauer, 1974]. However, with the availability of 16S 

rDNA analysis for species identification, the classification with the family 

Actinomycetaceae was confirmed [Fox et al., 1980].  

Until now, more than 30 species have been assigned to the genus Bifidobacterium 

[Klijn et al., 2005;  Leahy et al., 2005], but as new molecular identification tools and 

better isolation methods are developed, the number of Bifidobacterium species is 

increasing. This is reflected by recent publications showing the continuous change in 

taxonomy within the genus Bifidobacterium [Dong et al., 2000;  Jian and Dong, 2002;  

Simpson et al., 2004b;  Ventura and Zink, 2002;  Zhu et al., 2003]. 
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1.1.2 Physiological characteristics of Bifidobacterium sp. 

 

Bifidobacteria are anaerobic, Gram-positive bacteria forming irregular rods. They are 

heterofermentative, non-motile and non-spore forming. They usually grow in 

pleomorphic rods or in many cell chains or clumps. Bifidobacteria are catalase-

negative with a high G+C-content in their genome ranging from 55-67 mol-% 

[Biavati and Mattarelli, 2005].  

Optimal growth temperature for bifidobacteria is between 37-41 °C. In general, no 

growth occurs below 20 °C and above 46 °C. Some strains, however, grow even 

above 46 °C: B. thermacidophilum has an upper growth limit of 49.5 °C [Dong et al., 

2000] and B. thermophilum can grow until 47 °C [Biavati and Mattarelli, 2005]. 

Growth at temperature above 45 °C has been used to discriminate between animal and 

human species [Gavini and Beerens, 1999]. Optimal pH for growth for bifidobacteria 

is between 6.5 and 7.0. No bifidobacteria growth was reported for pH below 4.5 and 

above 8.5. Only B. thermacidophilum was shown to grow at pH 4.0 [Dong et al., 

2000]. 

 

1.1.3 Taxonomy and oxygen tolerance of bifidobacteria 

 

Till recently, bifidobacteria were generally regarded as strictly anaerobic. The genus 

Gardnerella was the only genus within the family Bifidobacteriaceae that could grow 

in the presence of air on agar plates. Gardnerella was included in the family 

Bifidobacteriaceae by Stackebrandt et al. (1997) based on 16S rDNA analysis and 

due to its similar carbohydrate pathway, producing more acetic acid than lactic acid.  

However, Meile et al. (1997) found that Bifidobacterium lactis is a moderately 

oxygen tolerant species growing in a reduced liquid medium in the presence of 5 % 

oxygen supplied in the headspace of a shaken flask. Bifidobacterium 

psychraerophilum is a new species which was shown to grow in the presence of air on 

agar plates [Simpson et al., 2004b]. In the same study, the new genus Aeroscardovia 

was described, with the species Aeroscardovia aeriphila which is, based on 16S 

rDNA sequence analysis, closely related with two recently reclassified species, 

Parascardovia denticolens (formerly B. denticolens) and Scardovia inopinata 
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(formerly B. inopinatum) [Jian and Dong, 2002;  Simpson et al., 2004b] . The latter 

two species have been reclassified as new genus since they have a much lower G+C-

content of 55 mol-% resp. 45 mol-% than other bifidobacteria which range from 55 

mol-% to 67 mol-%. Aeroscardovia aeriphila has a similar G+C-content as 

Parascardovia denticolens (54.7 mol-%) [Simpson et al., 2004b]. G. vaginalis has 

also been included in the family Bifidobacteriacae although its G+C-content was only 

42 mol-% which is close to the content of S. inopinata.  

It is difficult to say whether there is a rule regarding the ability to grow in the 

presence of oxygen but it seems that in the case of the family Bifidobacteriaceae, the 

low G+C-content species are likely to grow in the presence of oxygen. This can be 

substantiated by the fact, that all strains mentioned above are closely related based on 

16S rDNA sequences and partial groEL gene sequences [Jian and Dong, 2002;  Jian 

et al., 2001;  Simpson et al., 2004b]. To survive in the presence of oxygen, bacteria 

must have mechanisms to decrease oxygen toxicity or use oxygen for cell 

metabolism. Genome analyses of Bifidobacterium longum suggests that both growth 

and survival under oxygen pressure are linked with the presence of a set of oxygen-

scavenging NADH oxidases [Schell et al., 2002]. Those oxidases are required either 

for “detoxification” of the oxygen or growth in the presence of oxygen. 

 

1.1.4 The habitat of bifidobacteria 

 

Bifidobacterium species are important members of the human gut flora and inhabit the 

intestine from the beginning of life, in high numbers reaching 3.5 to 10 % of the 

whole microflora in the colon [Arrigoni et al., 2002]. In breast-fed infants, they are 

the dominant bacteria in the faeces whereas in bottle-fed infants, they appear at the 

same concentration as Bacteroides species (40 %) [Harmsen et al., 2000]. They are 

considered as one of the five dominant genera in the human intestinal tract [Falk et 

al., 1998]. Besides the human gastrointestinal tract, bifidobacteria have also been 

isolated from the gastrointestinal tract of animals like calves, lambs, pigs, chickens, 

rabbits, rats and honeybees [Biavati and Mattarelli, 2005], and from the human 

vagina, human oral cavity and sewage [Dong et al., 2000]. The habitat of 

bifidobacteria in either animals or humans has been suggested to be species-specific. 

Some bifidobacteria originating from animals are even host-specific. Only in suckling 
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calves and breast fed infants, the same Bifidobacterium species can be found [Biavati 

and Mattarelli, 2005]. The fact that species found in animals are not present in 

humans lead to use bifidobacteria for the determination of the source of faecal 

contamination [Beerens, 1998;  Delcenserie et al., 2004]. 

 

1.1.5 Detection of bifidobacteria 

 

It must be mentioned, that the detection of bifidobacteria is still difficult. The 

detection and enumeration of bifidobacteria from the gastro-intestinal tract using 

culture-based methods may provide only a fragmented picture of the relative 

distribution since a significant part cannot be cultured [Klijn et al., 2005]. In the past 

few years, new molecular identification and enumeration methods based on molecular 

tools have been developed, such as TGGE, FISH (including flow cytometry) and real-

time PCR  [Hopkins et al., 2005;  Lahtinen et al., 2006;  McCartney, 2002;  Zoetendal 

et al., 2004]. With these methods, uncultivable bacteria can also be detected and 

enumerated but they also have the disadvantage that they can not discriminate 

between dead and live cells. Tannock et al. (2004) showed different bacterial 

community profiles when RNA or DNA were used as template for PCR.  

It can be expected, that bacterial community distribution in the gastro-intestinal tract 

will be subjected to major changes when better molecular tools, which are adapted to 

the complex matrix in the gastro-intestinal microbiota, are used. The availability of 

complete genomes of bacteria, like B. longum [Schell et al., 2002], may be used to 

develop better DNA probes for species differentiation and enumeration. With those 

species-specific probes, it will be possible to better describe the bacterial community 

in the gastro-intestinal tract than with plating methods on “semi-selective” media 

[Klijn et al., 2005]. By using mRNA of the house-keeping genes as template, it may 

be possible to discriminate between dead and live cells [Tannock et al., 2004]. 
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1.2 Bifidobacteria and Probiotics 

 

Since bifidobacteria are important members of the human gut flora and are claimed to 

promote health, the interest to use them as probiotics has considerably increased over 

the past fifteen years. 

 

1.2.1 Definition of probiotics 

 

The term probiotic is derived from Greek and means “pro life”. Over the past few 

decades, the definition of probiotics has changed several times after being first 

introduced by Lilly and Stillwell (1965). The current definition proposed by the 

World Health Organisation and the Food and Agriculture Organisation of the United 

Nations (FAO/WHO 2001) is now widely accepted: Probiotics are live 

microorganisms which when administered in adequate amounts confer a health 

benefit on the host [Leahy et al., 2005]. Currently, many different bacteria are 

suggested as probiotics. Among these, lactic acid bacteria are common components in 

probiotic preparations since they have a positive historical association with foods and 

have GRAS (generally recognized as safe) status [Salminen et al., 1998]. The most 

commonly used administration of probiotics is still through fermented dairy products 

containing strains of Bifidobacterium sp. [Leahy et al., 2005]. However, many other 

bacteria and even yeasts have been investigated for use as probiotics [Ouwehand et 

al., 2002]. 

The use of probiotics in food is promising, because these microorganisms may 

beneficially affect human health, although many of these effects still need validation. 

Some documented effects of probiotics are listed below [Klaenhammer and Kullen, 

1999;  Schrezenmeir and de Vrese, 2001]: 

 

 

1. Lower frequency and duration of diarrhea associated with antibiotics, rotavirus 

infection, chemotherapy and traveler’s diarrhea; 

2. Stimulation of humoral and cellular immunity; 
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3. Decrease concentration of toxic metabolites e. g. ammonium and 

procancerogenic enzymes in the colon; 

4. Pathogen interference, exclusion and/or inhibition by production of 

antimicrobial compounds and antagonism; 

5. Alleviation of symptoms of lactose intolerance; 

6. Maintenance of mucosal integrity. 

 

Some less documented effects of probiotics are the reduction of Helicobacter pylori 

infections and allergic symptoms and the relief of irritate bowel syndrome 

[Schrezenmeir and de Vrese, 2001]. 

 

1.2.2 Probiotic effects from bifidobacteria 

 

Because it is not possible to conclude from in vitro investigations to in vivo 

conditions, all studies on probiotics need also to be done in vivo. However, only few 

in vivo studies showing the effects of bifidobacteria have been performed and most of 

them with low and statistically not significant testers. This might be due to the 

difficult detection of Bifidobacterium sp. in the gastro-intestinal tract or to the 

complex environment which makes the attribution of a certain effect to only one 

species difficult. 

 

1.2.2.1 In vivo studies 

 

The reduction of the incidence of acute diarrhoea and rotavirus in infants could be 

successfully shown by using a standard milk formula supplemented with B. bifidum 

and Streptococcus thermophilus strains with 26 placebo and 29 tested for a total of 

55 subjects [Saavedra et al., 1994]. Similar findings have recently been reported with 

B. lactis against acute diarrhoea in 90 healthy children (45 placebo/45 tested) 

[Chouraqui and Van Egroo, 2004].  

Inflammatory bowel disease (IBD) is clinically characterized by two phenotypes: 

Crohn’s disease (CD) and ulcerative colitis (UC) but the aetiology is still not fully 

understood [Leahy et al., 2005]. Nowadays, two million people worldwide with 
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numbers increasing in the western world are affected by this disease. Understanding 

the mechanism of IBD may lead to a successful treatment of the disease. Very few 

data on the role of probiotics in IBD are available [Gionchetti et al., 2000]. It seems 

that Bifidobacterium strains may exert beneficial effects against IBD in combination 

with other strains. Gionchetti et al. (2000) tested a mixture of B. breve, B. infantis and 

B. longum with four Lactobacillus and one Streptococcus thermophilum strain which 

improved the conditions of 17 out of 20 patients whereas all 20 patients receiving the 

placebo had a relapse. The actual mechanisms of probiotics reducing IBD symptoms 

are, however, still not understood [Leahy et al., 2005]. 

 

1.2.2.2 Protection against bacterial enteric infections in vivo 

 

Protection against enteric infections causing diarrhoea or other diseases is difficult to 

measure in vivo and it is not likely that one Bifidobacterium strain will inhibit a broad 

spectrum of pathogens such as Escherichia coli, Salmonella, Campylobacter, Listeria, 

Clostridium and Shigella strains [Leahy et al., 2005]. Therefore, most available data 

on inhibitory activity of Bifidobacterium strains is from in vitro studies.  

Two studies reported effects of bifidobacteria against enteric infections in animal 

models. It was shown that B. bifidum provided protection against a challenge with 

Salmonella enteritidis subsp. typhimurium in conventional and gnotobiotic mice 

[Silva et al., 1999]. As well B. breve and B. pseudocatelunatum were able to protect 

mice from lethal infection with shiga-toxin-producing E. coli O157:H7 [Asahara et 

al., 2004]. 

There have been only few studies about H. pylori treatment using probiotics. It seems, 

however, that the use of probiotics alone does not eradicate H. pylori but maintains 

lower levels of this pathogen. This suggests that a combination with antibiotics may 

increase eradication of this pathogen [Gotteland et al., 2006]. However, the number of 

studies showing inhibitory activity towards pathogens in vivo is increasing. There are 

several mechanisms proposed: production of organic acids, hydrogen peroxide or 

bacteriocins, competition for nutrients or adhesion receptors, anti-toxin action and 

stimulation of the immune system [Leahy et al., 2005]. 
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1.2.2.3 In vitro studies on inhibitory effects of bifidobacteria 

 

Many researches have been performed in-vitro to study the inhibitory effects of 

bifidobacteria on enteric infections. Only a few are described below. 

Collado et al. (2005a) studied the effect of 16 Bifidobacterium sp. isolated from 

human faeces against Helicobacter pylori and showed that these strains inhibited the 

growth of this pathogen in vitro. It was also shown that infant Bifidobacterium strains 

could inhibit in vitro the growth of several Gram-positive and Gram-negative 

pathogens like E. coli, K. pneumoniae, P. aeruginosa, L. monocytogenes and S. 

aureus [Liévin et al., 2000]. Furthermore, bifidobacterial strains from infant origin 

inhibited both growth and adhesion to Caco-2 cells of E. coli O157:H7 [Gagnon et al., 

2004]. A recent study showed that bifidobacteria suppressed in vitro a broad spectrum 

of pathogens including Gram-positive and Gram-negative bacteria (E. faecium, 

H. pylori) and pathogenic yeasts (Brochothrix thermosphacta) [Collado et al., 2005b]. 

It is important to note that it is very difficult to measure these inhibitory effects in-

vivo because many factors may interact with the determination of the inhibitory 

activity.  

 

1.2.2.4 Health related effects of bifidobacteria 

 

Several health effects have been attributed to bifidobacteria, revealing the importance 

of bifidobacteria as probiotics. These include stimulation of immunoglobulin 

production, production of antimicrobial substances, alleviation of lactose intolerance, 

enhancement of the immune system, anticarcinogenic activity and vitamin-B 

production [Biavati and Mattarelli, 2005;  Fukushima et al., 1999;  Gibson and Wang, 

1994;  Hou et al., 2000;  Parvez et al., 2006;  von Wright and Salminen, 1999].  
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1.2.4 The shady side of bifidobacteria 

 

Although there are many positive effects described for bifidobacteria, bifidobacteria 

have also been implicated in pathogeneses. A severe pathogenic case was related with 

B. longum which was isolated from blood after a sepsis [Ha et al., 1999]. Other 

Bifidobacterium sp. have been found in pulmonary infections, bacteremia, abscesses 

and bloodstream infections [Gasser, 1994;  Green, 1978;  Saarela et al., 2002]. The 

recently reclassified Scardovia inopinata and Parascardovia denticolens [Jian and 

Dong, 2002] and Bifidobacterium dentium have been shown to occur frequently in 

human dental caries and plaque [Modesto et al., 2006]. The latter, B. dentium, is also 

the only bifidobacterial species classified in risk group 2. 

Antibiotic resistances in probiotic cultures can also be problematic if they are not 

intrinsic. Kastner et al. (2006) detected the tetracycline resistance gene tet(W) in B. 

lactis DSM10140T [Meile et al., 1997] and Lactobacillus reuteri SD2112 [Casa et al., 

1997].  They suggested that strains used for probiotic or starter cultures should be 

tested for the presence of transferable resistance genes prior to commercial use. 

It is therefore very important to evaluate every new Bifidobacterium sp. for 

pathogenic factors or antibiotic resistance prior using this strain as probiotic. 

 

1.2.5 Selection criteria for probiotics 

 

Klaenhammer and Kullen (1999) listed in their study criteria for selection of probiotic 

strains which can be applied for all species (table 1-1). It should be emphasized that 

the probiotic effects are strain specific and must be tested for each strain within a 

species [Doleyres and Lacroix, 2005]. The first point in table 1-1, accurate taxonomic 

identification, is of high importance. 
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Table 1-1: Selection criteria for probiotic strains (modified after Klaenhammer and Kullen (1999)) 

 
Appropriateness  
1. Accurate taxonomic identification 
2. Nontoxic, nonpathogenic, GRAS status 
 
Technological suitability  
3. Amenable to mass production and storage: adequate growth, 
concentration and freezing stability 
4. Viability at high populations (preferred at 106 –108 cfu ml-1 ) 
5. Provides desirable organoleptic qualities (or no undesirable 
qualities) 
6. Genetically stable 
7. Genetically amenable 
 
Competitiveness  
8. Capable of survival, proliferation, and metabolic activity at the 
target site in vivo  
9. Resistant to bile and acid 
10. Able to compete with the normal microflora, including the same or 
closely related species, potentially resistant to bacteriocins, acid and 
other antimicrobials produced by residing microflora 
 
Performance and functionality  
11. Able to exert one or more clinically documented health benefits 
(e.g. lactose tolerance) 
12. Antagonistic toward pathogenic/carcinogenic bacteria 
13. Production of antimicrobial substances (bacteriocins, hydrogen 
peroxide,  organic acids or other inhibitory compounds) 
14. Production of bioactive compounds (enzymes, vaccines, peptides) 

 

The availability of complete genome sequences may be another important factor for 

the identification and definition of probiotics. Knowing the genes of probiotic 

functional properties could help selecting new probiotics and detecting unwanted 

functionality in those strains. This basic knowledge could also lead to insight in 

human-bacterial symbioses [Leahy et al., 2005]. 

 

1.2.6 Prebiotics: promoters of bifidobacteria in the gut 

 

The prebiotic concept is based on growth stimulation of human commensal gut 

bacteria with beneficial health effects such as bifidobacteria by dietary fibre substrates 

which are not used by other competitive strains in the intestine [Janer et al., 2004]. 

This growth stimulation can also be used to enhance the survival of probiotic strains 

in the intestine, supplied in foods. Prebiotics are defined as non-digestible food 

ingredients that may beneficially affect the host by selectively stimulating the growth 
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and/or metabolic activity of one, or a limited number of bacteria in the colon and thus 

improve host health [Gibson and Roberfroid, 1995]. Since prebiotics are active in the 

colon, they need to escape digestion in the upper gastrointestinal tract and be 

preferentially utilized by beneficial microbes that are part of the colonic microflora. 

Usually, they are oligosaccharides [Manning and Gibson, 2004]. Kullen et al. (1998) 

showed that the use of wheat bran oligosaccharides decreased the growth rate of 

Clostridium perfringens in co-culture with bifidobacteria. However, they could not 

show the same effect in rats, where both populations, C. perfringens and 

bifidobacteria, increased. 

The availability of the genomes of bifidobacteria makes the selection of prebiotics 

much easier. In the genome of B. breve UCC2003, an operon involved in 

fructooligosaccharide breakdown and another one involved in amylopullulanase 

activity have been identified [Leahy et al., 2005]. In B. longum NCC2705, the 

genomic adaptation to a diversity of complex carbohydrates were predicted by Schell 

et al. (2002). They found many operon-like structures related to oligosaccharide 

hydrolysis like α-L-arabinofuranosidases and β-glucosidase-related glycosidases. It 

was shown that B. longum NCC2705 has 8 high-affinity MalEFG-type 

oligosaccharide transporters [Cabral et al., 2001], more than any other prokaryotic 

genome, likely helping B. longum to compete for uptake of structurally diverse 

oligosaccharides (degree < 8) released from plant fibres [Schell et al., 2002]. By 

designing primers which amplify highly conserved regions in those operons it will be 

possible to select bifidobacteria with similar pathways or selected enzymes.  

With the use of selected prebiotics, the growth of probiotics consumed in foods also 

human commensal gut bacteria could be specifically enhanced, providing competition 

with enteric pathogens. However, as for probiotics, in-vivo studies are needed to 

validate in-vivo effects in addition to in-vitro studies of prebiotics. 
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1.3 Species identification of bifidobacteria 

 

Bifidobacteria are part of complex bacterial communities and enumeration and 

isolation is difficult [Klijn et al., 2005]. There are various approaches for the isolation 

and identification of Bifidobacterium sp., using “classical” microbiological and 

“modern” molecular methods. 

 

1.3.1 Microbiological approach for identification of Bifidobacterium sp.  

 

The first step of isolation is usually plating the diluted sample on selective media. 

Although recent reports showed that some Bifidobacterium strains have an elevated 

tolerance to oxygen and survive or even grow on agar plates in its presence [Meile et 

al., 1997;  Simpson et al., 2004b], the first plating steps need to be done under strictly 

anaerobic conditions to avoid loss of oxygen-intolerant species and to achieve a high 

plating efficiency. A main task is to find a suitable medium for the isolation of 

Bifidobacterium strains. Up to now, there is no real selective medium for 

bifidobacteria available. In the literature, there are more than 20 media reported for 

selective plating of bifidobacteria. Many of these are suited for a specific source of 

Bifidobacterium isolates. Roy (2001) gave a short overview on selective media for 

isolation and enumeration of bifidobacteria in dairy products. Hartemink and 

Rombouts (1999) listed various media for the detection of bifidobacteria from faeces. 

With three media, they observed differences for the counts of bifidobacteria and false 

positive colonies of bifidobacteria although the selectivity was only tested by 

morphological observations. These differences varied with the isolation sources of 

bifidobacteria, indicating that different sources may require different media. Nebra 

and Blanch (1999) described a new selective medium for Bifidobacterium species 

without the use of antibiotics and with a simple composition for routine enumeration 

of Bifidobacterium in fermented dairy products such as yoghurts, but also in 

environmental samples and food in general.  

For the identification of colonies the classical microbiological methods include 

observation of cell morphology, fermentation tests, fructose-6-phosphate 

phosphoketolase test and GC analysis of fermentation products [Biavati and 
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Mattarelli, 2005;  Orban and Patterson, 2000]. These methods require knowledge of 

species-specific phenotypic characteristics and growth requirements [Klijn et al., 

2005] and do not allow easy strain discrimination. Furthermore, the presence of 

F6PPK activity should no longer be regarded as a discrimination criterion to assign an 

isolate to the genus Bifidobacterium because the encoding gene (xfp) is present in 

almost all genomes sequenced [Rohr, 2003]. 

However, phenotypic identification of a strain is very difficult and dependent on test 

conditions. The use of molecular methods is more convenient and gives more reliable 

results. For a final identification of a new species, a polyphasic approach is 

recommended [Vandamme et al., 1996], although a recent study suggested that 

physiological methods can be more informative for the analysis of the gut ecosystem 

than a phylogenetic approach [Tannock et al., 2004]. 

 

1.3.2 Identification of Bifidobacterium sp. using molecular methods 

 

Small ribosomal subunit RNA (16S rDNA in bacteria) contain regions of nucleotide 

base sequence which are highly conserved and other hypervariable regions, known as 

V regions [Woese, 1987]. These V regions contain the signatures of phylogenetic 

groups and even species. This taxonomic information forms the basis of molecular 

analytical methods [Tannock, 2002]. 

After sequencing the 16S rDNA from a strain, sequence data are compared with 

thousands of other sequences in the GeneBank (http://ncbi.nlm.nih.gov/BLAST/) to 

determine the genus or the species of the strain. The limit for the definition of a new 

species based on 16S rDNA differences was arbitrarly set to 97 % homology 

[Dellaglio and Felis, 2005]. However, there are exceptions where more than 99.5 % 

homologies are found between two species (Bacillus cereus and Bacillus 

thuringiensis) [La Duc et al., 2004].  

Usually, 16S rDNA sequencing allows distinguishing between species [Matsuki et al., 

2003;  Matsuki et al., 1998;  Tannock, 1999;  Wayne et al., 1987]. However, it seems 

that in the case of the genus Bifidobacterium the species identification based on 

16S rDNA has drawbacks and sometimes is not discriminative enough to differentiate 

between species [Miyake et al., 1998;  Satokari et al., 2003;  Vaugien et al., 2002]. It 
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is, however, possible to use the 16S rDNA gene sequence analysis for the genus 

determination of bifidobacteria.  

In the past few years, there has been extensive work on other methods for 

bifidobacteria species identification, based on sequences of conserved regions in the 

genome encoding for proteins. Kullen et al. (1997) suggested the use of recA for 

phylogenetic analysis whereas Jian et al. (2001) and Ventura et al. (2004) proposed to 

use groEL. As well, partial xfp [Berthoud et al., 2005;  Yin et al., 2005], grpE and 

dnaK [Ventura et al., 2005] gene sequence comparison have also been used for 

phylogenetic analysis. Although all methods described above show similar results in 

the classification of Bifidobacterium sp. they all have limitations. For example, 

Berthoud et al. (2005) could not clearly distinguish between species of B. boum, B. 

thermophilum and B. thermacidophilum using xfp gene sequences and proposed to use 

rather 16S rDNA gene sequences for these groups.  

The most accurate method for species identification is still DNA-DNA hybridization 

between two genomes for which the limit for a new species was set arbitrarily at 

70 %, corresponding to approx. 97 % differences in 16S rDNA sequences 

[Stackebrandt and Goebel, 1994;  Wayne et al., 1987]. This method should always be 

used if there are doubts about the phylogenetic data or the species are very closely 

related [Dellaglio and Felis, 2005]. However, the best practice for the identification of 

a strain is to use a polyphasic approach as recommended by Vandamme et al. (1996). 

With this approach, the identification of a new species is based on more than one 

method and on several features of the strain, including physiological properties.  

Other molecular methods for identification and detection of bifidobacteria are 

multiplex-PCR [Mullié et al., 2003], amplified ribosomal DNA restriction analysis 

(ARDRA) [Hall et al., 2001;  Ventura et al., 2001] and Nested-PCR-Denaturing 

Gradient Gel Electrophoresis [Temmerman et al., 2003]. Pulsed field gel 

electrophoresis (PFGE) allows discrimination between strains within the genus but 

not between species [Bourget et al., 1993;  Roy et al., 1996;  Simpson et al., 2003].
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Although there are now several methods to determine whether a bacteria belongs to 

the genus Bifidobacterium, the polyphasic approach is the only one for accurate 

species identification. 

 

1.4 Bacteriocins 

 

One important functionality of probiotics is the production of antimicrobial 

substances (Table 1-1).  Antimicrobial substances can be organic acids, hydrogen 

peroxide, bacteriocins or other inhibitory compounds [Klaenhammer and Kullen, 

1999]. Among these, bacteriocins have received much interest for research and 

application in the food industry as natural preservatives [Carolissen-Mackay et al., 

1997]. This is also reflected by the amount of recent publications and reviews on 

bacteriocins and their purification.  

The importance of the production of antimicrobial compounds by probiotics is mainly 

based on the inhibition or prevention of enteropathogenic infections. Through this, 

probiotics may help to keep the human gut flora in healthy state. 

 

1.4.1 Definition, history and classification of bacteriocins 

 

1.4.1.1 Definition 

 

The term bacteriocin was originally used to describe the Escherichia coli colicin type 

of antimicrobial peptides. This definition has nowadays broadened to define a much 

larger group of ribosomally synthesized antimicrobial compounds [Nes and 

Johnsborg, 2004]. Bacteriocins have been described as “proteinaceous, antimicrobial 

compounds that are produced by bacteria which usually only inhibit closely related 

species” [Klaenhammer, 1988;  Tagg et al., 1976]. This description covers the most 

important points of the six criteria definition proposed by Tagg et al. (1976) for 

bacteriocins: 
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1. Bacteriocins are peptides sensitive to proteinases. However, it seems that there 

could be exceptions for at least partially proteinase-resistant bacteriocins 

[Collado et al., 2005a]. 

2. Bacteriocins are bactericidal. However, many bacteriocins are bacteriostatic in 

their application in food products.  

3. Bacteriocins have a defined mode of action which distinguished them from 

other inhibitors, like organic acids. This could be shown for many bacteriocins 

for which the mode of action is now known [Bauer et al., 2005;  McAuliffe et 

al., 2001;  van der Wal et al., 1995]. 

4. Bacteriocins are plasmid-encoded. This applies only to certain bacteriocins, 

for example, sakacin A is chromosomally encoded [Diep et al., 2000] 

5. Many bacteriocins are produced, like proteins, during the exponential growth 

phase without lysis of the producer cell. In many cases, the producer strain 

also exhibits a resistance against its bacteriocin. 

6. The inhibition spectrum of bacteriocins is narrow. This last criterion has quite 

a few exceptions as discussed below.   

 

Tagg (1991) proposed that the term “bacteriocin” should only be used for inhibitors 

more closely resembling the bacteriocins produced by E. coli and related Gram-

negative bacteria (colicins), and for all other proteinaceous inhibitors, the term 

“bacteriocin-like inhibitory substance“ (BLIS) should be used. Nowadays, both terms 

are used, with BLIS being used for essentially non characterized protein-like 

molecules.  

 

1.4.1.2 History 

 

Nisin was the first bacteriocin described produced by a member of the lactic acid 

bacteria and it is nowadays the only bacteriocin approved for use in food. Cotter et al. 

(2005) illustrated in a recent review the timeline from the discovery of nisin in 1933 

to the approval by the FDA and industrial use. In 1953, nisin was first marketed in 

England and was approved by the Joint Food and Agriculture Organization/World 

Health Organization Expert Committee on Food Additives in 1969, the EU in 1983, 
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and the US Food and Drug Agency (FDA) in 1988. Nisin has been a model for the 

initial biological observation through regulatory approval to commercial application 

and has stimulated resurgence in bacteriocin research in recent years [Cotter et al., 

2005]. No other bacteriocin repeated the success story of nisin. 

Food legislation in most countries treats bacteriocins as food additives that need to be 

declared. Furthermore, since bacteriocins are considered as additives they must follow 

the same safety assessments. Therefore, it is currently more convenient to use 

bacteriocin-producing strains in food for in-situ bacteriocin production. The later, 

however, is only possible in fermented food products as most legislation do not allow 

bacteria in non-fermented products and fermentation can spoil the product.  

Many bacteriocins from LAB share common characteristics, such as sensitivity to 

various proteases, insensitivity of heat and a narrow inhibition spectrum 

[Klaenhammer, 1988]. However, some bacteriocins exhibit a broader inhibitory 

activity spectrum towards Gram-positive bacteria and are therefore interesting to be 

used as supplemental barriers against growth/survival of pathogenic and spoilage 

bacteria in food [Muriana and Luchansky, 1993]. LAB bacteriocins can inhibit food-

borne pathogens like Clostridium botulinum, Bacillus spp., Enterococcus faecalis, 

Listeria monocytogenes and Staphylococcus aureus [Carolissen-Mackay et al., 1997;  

Daba et al., 1991;  Rodriguez et al., 2002;  Tahiri et al., 2004]. 

Since most lactic acid bacteria are food-grade, they can be useful for preservation or 

food safety applications, or also in the development of desirable flora in fermented 

food [Cotter et al., 2005]. 
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1.4.1.3 Classification 

 

Klaenhammer (1993) suggested the classification of the LAB bacteriocins into four 

groups (Table 1-2). However, Cotter et al. (2005) suggested a revision of this 

classification. They propose to only use two distinct categories of bacteriocins: 

lanthionine-containing Lantibiotics (class I) and the non-lanthionine-containing 

bacteriocins (class II). This new class II is a very heterogeneous class of small 

peptides containing 4 subclasses: a) pediocin-like bacteriocins; b) two-peptide 

bacteriocins; c) cyclic peptides and d) non-pediocin single linear peptides. The 

bacteriocins formerly classified in class III in table 1-2 should be separated and called 

“Bacteriolysins”. Class IV bacteriocins have not been included in the new proposal as 

there have been no members convincingly demonstrated. 

 
Table  1-2: The classification in four groups of bacteriocins produced by LAB [Klaenhammer, 1993] 

Classification Properties Examples 

Class I: Lantibiotics Small, membrane-active peptides (<5 kDa) 

containing unusual amino acids 

Nisin, Lacticin 481, Lactocin S 

Class II:  Small, heat-stable, non-lanthionine 

containing membrane-active peptides 

(< 10 kDA), form amphiphilic helices, 

moderate (100 °C) to high (121 °C) heat 

stability 

Pediocin PA-1, Lactococcin A, 

Leucocin A, Curvacin A 

Class III: Large heat-labile proteins  (> 30 kDA) Helveticin J, Helveticin V-1829, 

Lactacins A and B 

Class IV: Complex bacteriocins composed of protein 

plus one or more chemical moieties required 

for activity 

Plantaricin S, Lactocin 27, 

Pediocin SJ-1 

 

Class II bacteriocins in the classification of Klaenhammer (1993) form a 

heterogeneous class of small peptides smaller than 10 kDa, divided into class IIa and 

class IIb bacteriocins :  

− Class IIa bacteriocins, pediocin-like or Listeria-active:  narrow spectrum of 

activity but high specific activity against Listeria monocytogenes [Hechard 

and Sahl, 2002;  Montville and Chen, 1998]. These bacteriocins contain from 

37 (leucocin A and mesenterocin Y105) to 48 residues (carnobacteriocin B2) 
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and have one or two disulfide bridges [Hastings et al., 1991;  Hechard et al., 

1992;  Quadri et al., 1994]. They share the common N-terminal sequence 

motif of YGNGVXCXXXXVXV (X is any amino acid) [Eijsink et al., 1998]. 

They have a net positive charge and pI values ranging from 8 to 10. 

− Class IIb bacteriocins, two-peptide bacteriocins: require combined activity of 

both peptides [Garneau et al., 2002]. Peptides tested individually show no or 

very low bacteriocin activity.  

 

This division is still accurate and also included in the proposal of Cotter et al. (2005). 

The class II bacteriocins have emerged the past few years as the most important group 

of antimicrobial peptides for use in food preservatives and in medicine, as antibiotic 

complements to treat infectious diseases or as antiviral agents [Drider et al., 2006].  

An overview of purified bacteriocins for all classes of Klaenhammer (1993) is 

reported by Diep and Nes (2002). 

 

1.4.2 Bacteriocins from bifidobacteria 

 

Since the discovery of bacteriocins in 1925, only few reports on bacteriocins from 

bifidobacteria have been published. The inhibiting activity of bifidobacteria has 

mainly been related to the production of organic acids, like acetic and lactic acids, or 

to the effect on pH [Bruno and Shah, 2002;  Gibson and Wang, 1994]. In recent years, 

however, an increasing number of studies concluded that the inhibitory effects of 

bifidobacteria against various pathogens are not only due to acids.  

Meghrous et al. (1990) were first to describe proteinaceous compounds in the 

supernatant of Bifidobacterium bifidum inhibiting Streptococcus thermophilus and 

some Pediococcus sp. However, they did not purify the compound. Gibson and Wang 

(1994) used methanol-acetone extraction to partially purify a compound from the 

supernatant of B. infantis which was active against E. coli and C. perfringens. They 

were not able to purify the compound but concluded that more than one mechanism 

was responsible for the inhibition of pathogens by bifidobacteria. In 1999, the first 

bacteriocin reported to be produced by a Bifidobacterium strain, B. bifidum 

NCFB1454, was purified and the amino acid sequence was published [Yildirim et al., 
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1999]. Bifidocin B is a pediocin-like bacteriocin which inhibited Listeria, 

Enterococcus, Bacillus, Lactobacillus, Leuconostoc and Pediococcus species 

[Yildirim and Johnson, 1998]. However, recently, the strain B. bifidum NCFB1454 

was reclassified as Pediococcus sp. [de Vuyst and I. Fliss, personal communication]. 

In 2000, Liévin et al. (2000) detected antimicrobial activities from Bifidobacterium 

isolated from infant stools against Salmonella typhimurium. They could only partially 

purify the compounds using ammonium sulphate precipitation, methanol-chloroform-

extraction or dialysis, and did not report the identity of the strain. Touré et al. (2003) 

recently isolated six Bifidobacterium strains from baby faeces showing antagonistic 

activity against L. monocytogenes. They partially purified the proteinaceous 

compounds, which were heat-stable but sensitive to pronase-E, proteinase-K or 

trypsin, from all six active strains using methanol-acetone extraction. A recent study 

identified six Bifidobacterium strains isolated from human faeces which were able to 

inhibit a broad range of Gram-negative and Gram-positive bacteria and even some 

pathogenic yeasts [Collado et al., 2005b]. These heat-stable compounds where 

sensitive to proteinases but resistant to α-amylases and lipase A, and they remained 

active in the pH range from 3 to 10. The inhibitory spectra included Lactococcus 

lactis, Brochothrix thermosphacta, Listeria monocytogenes, Staphylococcus aureus, 

Helicobacter pylori and Arcobacter butzleri. However, the antimicrobial compounds 

were not purified. The authors only used filtration steps to estimate the molecular 

mass of the compounds in the absence of protein denaturating agents, indicating that 

some compounds were larger than 10 kDa and others even larger than 30 kDa 

[Collado et al., 2005b]. 

These literature data suggest that bifidobacteria produce bacteriocin-like inhibitory 

compounds but these are likely difficult to purify or produced in low amounts. This 

may explains why no amino acid sequence of the peptides was reported. Another 

hypothesis is that antimicrobial compounds produced by bifidobacteria may also have 

a completely different nature than already known bacteriocins and therefore, 

established purification schemes may not work with these new peptides. 
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1.4.3 Purification of bacteriocins 

 

The characterization of a bacteriocin includes the determination of the structure-

function relationships, production, immunity, regulation and mode of action [Deegan 

et al., 2006]. To achieve this, it is important to have an adequate purification scheme 

for the substance to produce the pure peptide with the required quality as well as in a 

suitable amount [Carolissen-Mackay et al., 1997]. The purification of bacteriocins is 

often laborious, time-consuming, difficult and needs experience since they are often 

small and very hydrophobic compounds produced in very low amounts [Berjeaud and 

Cenatiempo, 2004]. There are various purification methods published which depend 

on the type of bacteriocin or the application of the desired end product [Carolissen-

Mackay et al., 1997;  Parente and Ricciardi, 1999].  

Since bacteriocins are secreted into the growth medium, most purification approaches 

start with a method to concentrate the substance from culture supernatants. The most 

common method used as first step is ammonium sulphate precipitation which was 

applied (among others) for acidocin D20079, pediocin ST18 and thoeniciin 447 

[Deraz et al., 2005;  Todorov and Dicks, 2005;  Van der Merwe et al., 2004]. Besides 

the concentration of the bacteriocin, this method allows also to eliminate undesirable 

proteins. Other works used precipitation such as acid [Hastings et al., 1991] or 

organic solvents precipitation [Gibson and Wang, 1994;  Oscáriz et al., 1999;  Portrait 

et al., 1999]. Ultrafiltration and dialysis have also been applied, allowing 

concentration of the compound and desalting for further purification steps [Collado et 

al., 2005b;  Pinon et al., 2002]. 

Although the previously described methods lead to concentration of the bacteriocin, 

none provides a pure bacteriocin extract. Further steps must be used to obtain a pure 

bacteriocin, including chromatographic steps using either low pressure systems like 

FPLC or high pressure systems, such as HPLC, and solid phase extraction often used 

prior to chromatography [Berjeaud and Cenatiempo, 2004;  Saavedra et al., 2004]. 

The first chromatographic step is usually done using a low pressure chromatographic 

system with a cation exchange column taking advantage of the cationic nature of most 

bacteriocins from LAB [Berjeaud and Cenatiempo, 2004;  Saavedra et al., 2004]. 

However, some bacteriocins have also been purified using hydrophobic interaction 
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chromatography (HIC) [Deraz et al., 2005] or gel filtration (as for example for the 

commercial preparation of nisin [Jarvis et al., 1968]).  

The final purification step is usually done using RP-HPLC with an acetonitrile 

gradient. Most commonly used columns are C18 [Elegado et al., 1997;  Tahiri et al., 

2004;  Wescombe and Tagg, 2003] or C8 [Berjeaud and Cenatiempo, 2004;  Saavedra 

et al., 2004;  Wescombe and Tagg, 2003]. In many cases, the eluents are acidified 

either with HCl or preferably TFA since bacteriocins are more stable in acidic 

conditions [Berjeaud and Cenatiempo, 2004;  Lee et al., 1999;  Saavedra et al., 2004;  

Tahiri et al., 2004]. Gaussier et al. (2002) suggested the use of HCl instead of TFA in 

all hydrophobic purification steps, especially for the purification of pediocin PA-1 

since TFA is a contaminant in Fourier transform infrared spectroscopy structural 

analysis. They reported also, that HCl is easier to remove with less protein loss, 

although it can be very destructive for the column. 

In general, the purification is completed by SDS-PAGE for the determination of 

purity and estimation of molecular size [Bauer et al., 2005;  Carolissen-Mackay et al., 

1997]. Electrophoretic methods can also be used as one of the first purification steps. 

For bac1829 purification, preparative isoelectric focusing was used as second step 

after ammonium sulphate precipitation [Crupper and Iandolo, 1997]. The preparation 

was fractionated by preparative isoelectric focusing in the presence of 1 % 

ampholytes (pH 3-10) using a Rotofor isoelectric focusing unit (Bio-Rad). At 

equilibrium, the active fractions were pooled and the ampholytes were removed. 

Further purification was then performed using HIC [Crupper and Iandolo, 1997]. 

For determination of the accurate molecular weight and amino acid sequence standard 

methods like mass spectrometry and Edman degradation are used [Bauer et al., 2005;  

Daba et al., 1994;  Tahiri et al., 2004;  Wu et al., 2004]. Lantibiotics require other 

methods for amino acid sequence analysis and structural analysis since they have 

unusual amino acids, such as dehydroalanine and dehydrobutyrine for nisin. 

Furthermore unusual intramolecular rings by the thioether amino acids lanthionine 

(Ala-S-Ala) and 3-methyl-lanthionine (Abu-S-Ala) are present in the nisin molecule 

[Lavanant et al., 1998]. Sulphite bonds of thioether amino acids must be cleaved 

under strong alkalic conditions prior analysis [Meyer et al., 1994].  

Another possibility for structure analysis is the use of 1H NMR analysis [Chan et al., 

1992; van de Ven and Jung, 1996]. Lavanant et al. (1998) reported the use of 
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electrospray ionization Fourier transform ion cyclotron resonance (ESI-FT-ICR) and 

sustained off-resonance irradiation collision activated decomposition (SORI-CAD) 

for the determination of the amino acid sequence and the peptide structure. The 

disadvantage of the later methods is that they can only be reasonably performed with 

large amounts of the pure compound and therefore are generally not suitable for 

impure material isolated during the course of pilot studies [Lavanant et al., 1998]. 

All these methods are laborious and with each purification step, protein losses 

increase. Therefore, other strategies have been described which aim to optimize the 

whole process or at least one of the steps. Daba et al. (1994) increased the yield of 

pediocin purification by using the cells themselves as adsorption material. They could 

show that up to 80 % of the activity was bound to the cells at neutral pH. Other 

methods attempted to decrease the number of purification steps to increase the yield 

of bacteriocin. Tahiri et al. (2004) bypassed the precipitation step and used the culture 

supernatant directly for chromatography. Immunoaffinity chromatography allows a 

one-step purification with high purity and yield [Cintas et al., 1998]. Suarez et al. 

(1997) could purify nisin A using immunoaffinity chromatography in a single step. 

Prioult et al. (2000) purified nisin Z using monoclonal antibodies. The main 

disadvantage of immunoaffinity chromatography is that it can not be used for the 

purification of unknown bacteriocins since specific antibodies must first be produced 

against the bacteriocin and the method may not be suitable for large-scale purification 

[Parente and Ricciardi, 1999]. Monoclonal antibodies, however, can be used to 

quantify nisin Z in food products or to distinguish active from inactive forms through 

a competitive enzyme immunoassay as shown by Daoudi et al. (2001). 

 

1.4.4 Genetics of bacteriocins 

 

Searching for bacteriocin genes was mostly initiated after protein purification. After 

the determination of the amino acid sequence of a pure bacteriocin, a bacteriocin 

encoding gene sequence can be derived by application of modern molecular 

techniques such as PCR, hybridization, cloning and DNA sequencing. In the past 

decade, DNA sequences of a large number of bacteriocin genetic loci have been 

determined. These studies revealed a similar heterogeneous distribution of the 
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bacteriocin loci organization [Eijsink et al., 2002]. Despite this variation and genes of 

unknown function in many bacteriocin loci, it was possible to get an insight into 

which genes are needed for bacteriocin production. The genes encoding for 

bacteriocin production have been found both on chromosomes and plasmids. In some 

cases, they can be found on mobile genetic elements, such as transposon-like elements 

or even phage-DNA [Diep and Nes, 2002]. 

The “standard” operon for a bacteriocin usually consists of the structural gene for the 

bacteriocin (usually encoding for a precursor of the bacteriocin), cognate immunity 

gene(s), genes involved in regulation of the bacteriocin and genes involved in the 

transport and processing of the bacteriocin [Eijsink et al., 2002]. Of course, there are 

also exceptions for this “standard” model and whether the published loci and 

bacteriocins really account for the complete bacteriocin-producing potential for that 

particular strain [Eijsink et al., 2002]. The knowledge of bacteriocin production genes 

can be used to understand their regulation and secretion. Especially the factors 

regulating bacteriocin synthesis are important for optimization of bacteriocin 

production. One obstacle in bacteriocin production can be that it is often an unstable 

trait, which can be due to the loss of plasmid-encoded traits, gene inactivation by 

transcription or other complex mechanisms [Nes and Johnsborg, 2004]. The 

regulation of sakacin A production by Lactobacillus sakei is an example for a 

complex regulatory system. The transcriptional regulation of sakacin A is controlled 

by a three-component signal-transduction system which itself is subjected to 

temperature control [Diep et al., 2000]. Of course, there are also other types of 

environmental effects on bacteriocin production and the definition of optimal growth 

conditions is a major hurdle for bacteriocin screening systems [Nes and Johnsborg, 

2004].  

Although the operons of bacteriocins are not always structured the same way, there 

are some conserved features which can be used together with the knowledge of 

bacteriocin sequences as basic search criteria in bacteriocin genome mining processes 

[Ennahar et al., 2000;  Nes and Johnsborg, 2004]. Since many bacteriocins exist in 

nature, it can be expected that with more and more available genome sequences and 

bacteriocin operons, the number of putative bacteriocins will increase. Rodriguez et 

al. (1997), for example, developed probes which bind to the start of pedA gene for 

upstream and the start of pedC gene for downstream which allowed to obtain a partial 
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sequence of the gene for pediocin PA-1. Using such probes it is possible to screen 

bacteria for other pediocin producing strains with molecular methods. It is, however, 

possible that a strain carries the gene for pediocin PA-1 which is not expressed using 

the standard cultivation parameters. Therefore, the knowledge of the expression and 

secretion system is important for successful production of a bacteriocin. 

Another possibility which is opened with the knowledge of operons encoding 

bacteriocins is cloning the operon in other strains in which the production may be 

increased. For example, the pediocin operon has been cloned and expressed in B. 

longum [Moon et al., 2005] and in E. coli [Moon et al., 2006]. 

Exploiting the genetics of bacteriocins will increase the understanding of their nature 

and production and lead to an increased number of described bacteriocins. The 

knowledge of the regulatory system of bacteriocin production will allow the 

optimisation of the production of bacteriocins and eventually the production of 

bacteriocins which can not be detected currently due to the lack of the proper growth 

conditions for their production. 

 

1.4.5 Applications of bacteriocins in food 

 

Despite the fact that nisin is still the only bacteriocin approved for use in food many 

applications for bacteriocins have been studied. Because there is growing demand for 

new foods with milder treatments (e. g. less heat, salt, sugar, chemicals etc.) new 

technologies for food preservation are required [Nes and Johnsborg, 2004]. The use of 

bacteriocins in food can be achieved either through incorporation as a concentrated, 

not purified preparation made with food-grade techniques (e.g. nisin) or by 

incorporating a bacteriocin-producing culture into food [Deegan et al., 2006]. Both 

methods have drawbacks and can not be used for all applications. Recent reviews by 

Drider et al. (2006) on applications of class IIa bacteriocins and by Deegan et al. 

(2006) on bacteriocins as tools for biopreservation have been published.  

Most application studies of bacteriocins aimed to extend food storage and control 

food-borne pathogens [Drider et al., 2006], but also to improve quality and sensory 

attributes of certain foods [Deegan et al., 2006]. 
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Effective use of bacteriocins in food still relies on the hurdle concept (together with other 

bacteriocins/additives and/or with physical treatments), to avoid the development of 

resistance to bacteriocins (see below) and, also due to the nature of bacteriocins inhibiting 

only a narrow spectrum of bacteria. The use of bacteriocins in the hurdle concept has 

already been tested in many applications, for example in meat products. Combinations of 

pediocin with sodium acetate and sodium lactate showed greater inhibitory effects on 

growth of L. monocytogenes on beef frankfurters than pediocin alone [Uhart et al., 2004]. 

Besides the addition of other additives to a product, the combination of bacteriocins with 

physical treatments was also successfully applied. In a meat model system, the 

combination of high pressure processing with enterocin A and B, pediocin or sakacin K 

enhanced the antilisterial activity [Garriga et al., 2002]. In another study, pediocin (as 

ALTA 2341; 3000 AU g-1) combined with low-dose irradiation (2.3 kGy) had a greater 

inhibitory effect on the growth of L. monocytogenes on frankfurters [Chen et al., 2004b] 

than pediocin (6000 AU g-1) combined with post-processing thermal pasteurization 

(96 °C for 60 s) [Chen et al., 2004a].  

 

1.4.6 Bacteriocin resistance 

 

It is essential that the use of bacteriocins does not substitute for good manufacturing 

practice, and bacteriocins should be used carefully to avoid the development of 

resistance. Bouttefroy and Milliere (2000) showed that L. monocytogenes developed 

resistance against nisin or curvacin 13 after treatment with the bacteriocin with 

decreasing resistance by increasing concentrations of the bacteriocin or the presence of 

salts by an unknown mechanism. They suggested the use of a combination of both 

bacteriocins as this led to a greater inhibitory effect. Resistance to nisin in L. 

monocytogenes or other pathogenic strains can also be acquired, especially if the nisin 

concentration falls below the minimal inhibitory concentration (MIC). Kramer et al. 

(2004) showed in their study that L. monocytogenes developed resistance to nisin on 

plates containing nisin just below the MIC. The resistant colonies were then also able to 

grow on plates with an increasing nisin concentration. 
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Recently, Hornbaek et al. (2006) showed that sodium chloride had an inhibitory effect on 

the antilisterial activity of leucocin 4010 and nisin at subinhibitory concentrations on the 

surfaces of meat sausages indicating that ingredients of the products can also alter the 

activity of bacteriocins. 

 

 

1.5 Fermentation technologies for bacteriocin production 

 

Bacteriocins are usually produced and excreted into the growth medium in low amounts 

which make their purification and use difficult [Bertrand et al., 2001]. To achieve good 

purification yields, it is therefore a requirement to have an optimized fermentation 

method for the producer strain. It is also important to harvest the bacteriocin in the 

optimal growth phase since bacteriocins are usually growth associated. In most cases, 

they are produced at the end of the exponential phase/beginning stationary phase [Tahiri 

et al., 2004; Deraz et al., 2005]. In the case of acidocin D20079, the bacteriocin is even 

destroyed during the stationary phase [Deraz et al., 2005]. 

It must be mentioned that the comparison of fermentation studies for bacteriocin 

production is very difficult. The activity of bacteriocins is measured using arbitrary 

methods [Turcotte et al., 2004] for which the activity units are dependent on the test 

conditions. Therefore, data from different studies can not be directly compared unless the 

test has been calibrated with pure bacteriocins. 

 

1.5.1 Fermentation medium 

 

The medium used for fermentation is very important for both optimal growth and 

bacteriocin production. Bacteriocin production is affected by the type and level of carbon, 

nitrogen and phosphate sources, but also by potential inhibitors [Parente and Ricciardi, 

1999]. The influence of the carbon source could be shown with nisin Z which can be 

produced from glucose, sucrose and xylose by Lactococcus lactis IO-1 [Chinachoti et al., 
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1997a;  Chinachoti et al., 1997b;  Matsusaki et al., 1996]. However, higher nisin Z 

concentrations in the medium were obtained with glucose than with xylose as major 

carbon source. 

The influence of factors of the growth medium, such as salts, especially phosphate and 

Mg2+ and Ca2+ on bacteriocin production, should not be underestimated. However, these 

effects may be strain-specific [Parente and Ricciardi, 1999]. Inorganic phosphate 

improved nisin production for Lactococcus lactis subsp. lactis NIZO 22186 [De Vuyst 

and Vandamme, 1993], but not for Lactococcus lactis IO-1 [Matsusaki et al., 1996] using 

a similar medium. Mg2+ increased pediocin AcH production [Biswas et al., 1991] and 

significantly decreased cell adhered nisin in Lactococcus lactis subsp. lactis ATCC11454 

[Meghrous et al., 1992]. 

Nevertheless, the specific growth requirements for the bacteria should be the most 

important factors when selecting the fermentation medium since bacteriocin production is 

growth related as already described above [Parente and Ricciardi, 1999]. Since the habitat 

of most bifidobacteria is the gastrointestinal tract of either animals or humans, they are 

adapted to available growth substrates in this specific environment [Schell et al., 2002]. 

This should be taken into account when choosing a medium for bifidobacteria. Most 

strains of bifidobacteria require complex nitrogenous substrates like bovine casein 

hydrolysates, milk whey or yeast extract [Petschow and Talbott, 1990;  Poch and 

Bezkorovainy, 1988]. Milk would contain almost all nutrients for bifidobacteria but the 

growth of bifidobacteria able to ferment lactose (the major carbon source in milk) is very 

slow and not all Bifidobacterium sp. are able to grow in this medium. The concentration 

of B. adolescentis was only increased five times after 48 h incubation in milk whereas B. 

bifidum and B. longum did not grow at all [Samona et al., 1996].  

Generally, MRS [de Man et al., 1960] medium supplemented with cysteine is used for 

laboratory cultivation of bifidobacteria. Supplementations of MRS with whey permeate 

and cysteine hydrochloride increased the cell concentration of B. longum approx. 2-fold 

[Doleyres et al., 2002]. The high amount of proteins (MRS contains 10 g l-1 beef extract 

and 5 g l-1 yeast extract) makes this MRS medium not suitable for bacteriocin 

purification, especially when low bacteriocin amount is produced. It is therefore desirable 
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to select a growth medium with low-protein content for production of bacteriocin from 

bifidobacteria. 

 

1.5.2 Free cell cultures 

 

Traditionally, free cell batch cultures have been used to grow bifidobacteria [Doleyres 

and Lacroix, 2005]. Since the production of bacteriocin is dependent on the cell density, 

it is important to run the fermentation at optimal growth conditions [Parente and 

Ricciardi, 1999]. The most important factors which influence the growth are listed below. 

 

1.5.2.1 Temperature 

 

One very important factor is the temperature since it directly impacts growth. Therefore 

the temperature should be set to the optimal growth temperature of the producer strain 

[Collado et al., 2005b;  Daba et al., 1993;  Lejeune et al., 1998;  Meghrous et al., 1992]. 

However, it has also been shown that temperature stress and growth at sub-optimal 

growth-temperature may result in an increase of the yield of bacteriocin per unit biomass 

produced [Lejeune et al., 1998] .  

 

1.5.2.2 pH 

 

Controlled pH also improves growth of bifidobacteria. Since bacteriocins are more stable 

at lower pH, the optimal pH for bacteriocin is usually lower than the optimal growth pH 

[Chinachoti et al., 1997a;  Matsusaki et al., 1996;  Meghrous et al., 1992]. The optimal 

growth pH for bifidobacteria is in the range of pH 6.5-7.0. For pediocin AcH it could also 

be shown that the pH dependency is species dependent. For Pediococcus acidilactici a 

low pH (pH 5.0) was required for optimal pediocin production due to the post-
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translational processing [Biswas et al., 1991], whereas the same bacteriocin was 

optimally produced at pH 6.0 by Lactobacillus plantarum WHE92 [Ennahar et al., 1996]. 

 

1.5.2.3 Agitation and aeration 

 

Agitation and aeration also affects bacteriocin production in lactococci. Whereas an 

agitation of 1000 rpm did not significantly decrease nisin concentration compared to 320 

rpm, aeration played a more important role [Chinachoti et al., 1997b]. Aeration with 10-

40 ml min-1 significantly reduced nisin production [Chinachoti et al., 1997b]. Aeration is 

of course also strain and species dependent. For amylovorin L471 produced by 

Lactobacillus amylovorus, the yield per unit biomass was increased in the presence of 

oxygen but the final bacteriocin titres where lower [De Vuyst et al., 1996]. 

Since bifidobacteria grow in anaerobic conditions, oxygen and aeration must be avoided. 

Also, the agitation speed should be kept slow to avoid shearing forces and mixing of the 

medium with oxygen present in the reactor headspace.  

 

1.5.3 Continuous cultures 

 

Fermentation systems with high growth rates and high cell density can also increase 

bacteriocin production. In continuous cultures, high growth rates can be achieved 

[Parente and Ricciardi, 1999]. Table 1-3 lists some studies of continuous cultures for 

bacteriocin production. In continuous culture, the production of bacteriocin appears 

dependent on the dilution rate. Lower dilution rates increased nisin Z production during 

continuous free cell fermentation which was explained by a higher cell density and a 

longer medium residence time in the bioreactor, as well as a late exponential phase which 

is important for nisin production  [Desjardins et al., 2001]. However, it is not easy to 

predict the effect of dilution rate on bacteriocin production. An increase of the dilution 

rate did not change the final divercin concentration but increased the volumetric 

productivity by a factor of about 6 [Bhugaloo-Vial et al., 1997] whereas low or high 
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dilution rates decreased both pediocin 5 concentration and volumetric productivity 

[Huang et al., 1996].  

 

 

1.5.4 Immobilized cell cultures 

 

Immobilized cell cultures offer many advantages for biomass and metabolite production 

for LAB and bifidobacteria compared to free cell cultures [Doleyres and Lacroix, 2005]. 

Immobilized cell cultures have been shown to allow growth of high cell density 

populations, improved resistance to contamination and bacteriophage attack, 

enhancement of plasmid stability, prevention from washing-out during continuous 

cultures and physical and chemical protection of cells [Champagne et al., 1994;  Lacroix 

et al., 2005].  

According to Doleyres and Lacroix (2005), two immobilization methods have been tested 

for bifidobacteria propagation: membrane bioreactors and polysaccharide gel beads. 

Using a membrane system, cells are retained and concentrated by an ultrafiltration or 

microfiltration membrane during continuous feeding of fresh medium whereas inhibitory 

and metabolic products are eliminated in the permeate. Polysaccharide gel beads are used 

for cell entrapment in a food-grade porous matrix, especially for food applications 

[Champagne et al., 1994;  Lacroix et al., 2005]. The spherical polymer beads with a 

diameter from 0.3 to 3.0 mm are usually produced using extrusion or emulsion 

techniques, by thermal (к-carrageenan, gellan, agarose, gelatine) or ionotropic (alginate, 

chitosan) gelation of droplets. The incubation in a nutritive medium results in a high cell 

density region which extends radially from the bead surface. In the inner region, cell 

growth is prevented due to lack of substrate or accumulation of inhibitory products and 

low pH [Lamboley et al., 1997]. Since LAB and bifidobacteria are sensitive to product 

inhibition by organic acids, product concentration and pH profiles play an important role 

on immobilised cell growth and productivity [Doleyres et al., 2002b;  Masson et al., 

1994]. 
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1.5.4.1 Continuous cultures 

 

In most cases, immobilized cells are used with continuous cultures. Table 1-3 lists few 

studies done on bacteriocin production with immobilized cell cultures and continuous 

cultures. In the review of Lacroix et al. (2005) the effects of immobilized cell systems on 

bacteriocin production is also discussed. An increase in the dilution rate during 

continuous fermentation with immobilized cells generally increased the bacteriocin 

volumetric productivity. However, the bacteriocin concentration usually decreased with 

increasing dilution rates. An exception is pediocin 5, where the concentration increased 

with higher dilution rates [Bhugaloo-Vial et al., 1997;  Desjardins et al., 2001;  Huang et 

al., 1996].  

However, immobilized cell cultures did not lead tor high bacteriocin production in 

continuous fermentations although very high cell densities were reached [Lacroix et al., 

2005]. For pediocin 5, free cell continuous culture resulted in higher bacteriocin yields 

than immobilized cell cultures except for pH 7 [Huang et al., 1996]. Desjardins et al. 

(2001) reported that both immobilized and free cell continuous cultures exhibited lower 

nisin production than pH-controlled batch cultures with the same optimal conditions. 

Although nisin-production was shown to be growth-associated [Desjardins et al., 2001], 

the high cell densities in the continuous immobilized cell reactor did not increase nisin 

production compared to continuous culture with free cells although cell concentration in 

the immobilized cell reactor was about tenfold higher than for free cell culture. The 

authors suggested that some biosynthesis steps may are limiting due to the steady-state 

conditions. 

Liu et al. (2005) used an immobilized-cell, packed-bed bioreactor for continuous 

fermentation with Lactococcus lactis subsp. lactis ATCC11454 for nisin A production. 

The fibrous matrix was made of a piece of cotton towel mounted and wound around the 

vertical axis on a stainless steel wire screen. They reported a maximum nisin activity of 

2.6*104 AU ml-1 in M17 minimal medium with 30 g l-1 lactose at pH 5.5 and 31 °C and a 

dilution rate of 0.2-0.3 h-1. Using whey permeate supplemented with 10-20 g l-1 casein 

hydrolysate at pH 5.5 and 31 °C and a dilution rate of 0.2 h-1 they doubled the production 

to 5.1x104 AU ml-1. This reactor was operated for 6 months without clogging, 
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degeneration or contamination problems, reaching at the end a high cell density of 52 g l-1 

in the bioreactor with 96.4 % of the cells being immobilized.  

For pediocin 5, high production using immobilized cells was only achieved using high 

dilution rates in continuous fermentation [Huang et al., 1996]. This is in contradiction to 

free cell continuous systems where lower dilution rates resulted in higher bacteriocin 

production. Compared with free cell continuous culture, immobilized cell continuous 

culture resulted in lower maximal bacteriocin titers (4915 AU ml-1 and 1024 AU ml-1, 

respectively). The volumetric productivity, however, was almost twice higher with 

immobilized cells than with free cells (2334 AU (ml*h)-1 compared to 1278 AU (ml*h)-

1). The reason for the lower bacteriocin production may be related to limiting steps in 

biosynthesis as Desjardins et al. (2001) already reported for nisin. However, this 

hypothesis still needs experimental validation. 

 

1.5.4.2 Repeated cycle batch fermentations 

 

Repeated cycle batch fermentations with immobilized Lactococcus lactis UL719 for nisin 

Z production were studied by Bertrand et al. (2001). After an initial colonization of к-

carrageenan/locust bean gum gel beads repeated cycle fermentations were performed 

with very short cycles of 1 and 2 h. The production of nisin Z was highest for both cycles 

at the end of the 3rd cycle, reaching 8192 IU ml-1 and 10240 IU ml-1, respectively, with 

high immobilized cell concentrations of 1.8*1011 cfu ml-1. Compared to free-cell batch 

fermentations and free or immobilized cell continuous fermentations, repeated cycle 

fermentation increased bacteriocin production up to 2-fold. Only an aerated batch culture 

with free cell reached a higher nisin concentration with 20480 IU ml-1 [Amiali et al., 

1998]. The use of immobilized cells for repeated cycle batch cultures allowed high 

operational stability as shown during 24 and 36 cycles carried out over 3 and 6-day 

experiments [Bertrand et al., 2001]. 

The fact that immobilized cells can result in high bacteriocin production is not only 

related to the high cell density in the immobilized cell reactors. The local stress applied 
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through nutrient limitation, low pH and accumulation of inhibitory products may also 

increase bacteriocin production. 

As shown above, only repeated cycle batch fermentations with immobilized cells allowed 

increasing bacteriocin production compared to immobilized and free cell continuous 

cultures. Different studies also showed that the optimal process for bacteriocin production 

is strain- and/or bacteriocin-dependent. It is therefore necessary to evaluate the process 

prior use with a new strain or bacteriocin. Depending on the further application, process 

conditions leading to either a high volumetric productivity or a high bacteriocin 

concentration are selected. For bacteriocin purification, a high bacteriocin concentration 

is required for the successful process.  

Another important advantage of immobilized cells is system stability. All studies reported 

that immobilized cells where more stable than free cells for long-term production with 

continuous or repeated batch cultures [Bertrand et al., 2001;  Liu et al., 2005;  Scannell et 

al., 2000]. 
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Table  1-3: Comparison of batch and continuous free cell and immobilized cell processes for the production of selected bacteriocins from lactic acid bacteria. Modified after 

Parente and Ricciardi (1999)) 

Bacteriocin Strain Processa Bb 

(x 106 IU l-1) 

rB
c 

(x 106 IU (lxh)-1) 

Reference 

FC batch 100.0 2.2 

FC Continuous D=0.03  200.0 6.1 

FC Continuous D=0.2 210.0 40.0 

IC Cont. + Ca-alg D=2 5.0 200.0 

Divercin Carnobacterium divergens V41 

FC Cont. + MF D=0.4 2.0 0.8 

[Bhugaloo-Vial et al., 

1997] 

FC Continuous D=0.1 0.08 0.008 

FC Continuous D=0.25 0.18 0.044 

Nisin Lactococcus lactis ATCC11454 

FC Continuous D=0.4 0.06 0.024 

[Meghrous et al., 1992] 

FC Continuous D=0.25 1.2 0.288 

FC Continuous D=0.4 1.1 0.453 

IC Continuous D=0.25 1.1 0.272 

IC Continuous D=0.5 1.1 0.560 

Nisin Z Lactococcus lactis UL719 

IC Continuous D=2.0 0.05 1.088 

[Desjardins et al., 2001] 

IC RCB T=1 8.19 5.733 Nisin Z Lactococcus lactis UL719 

IC RCB T=2 10.24 3.584 
[Bertrand et al., 2001] 

FC Continuous D=0.26 4.92 1.278 Pediocin 5 Pediococcus acidilactici UL5 

IC Continuous D=2.28 1.024 2.334 
[Huang et al., 1996] 

a Cont.: Continuous; Ca-alg: calcium alginate immobilized cells; MF: microfiltration; FC; free cells; IC: immobilized cells; RCB: Repeated cycle batch fermentation 
b B: Bacteriocin titre 
c rB: volumetric productivity 
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1.6 Aims of this study 

 

Touré et al. (2003) screened 34 Bifidobacterium isolates from baby faeces. Six among 

them showed antilisterial activity against Listeria monocytogenes. The activity was 

heat-stable but sensitive to proteinase-treatment indicating the proteinaceous 

character. Among these six Bifidobacterium strains, strain RBL67 showed the highest 

activity against Listeria monocytogenes and was selected in this study for further 

identification and characterisation of the strain and for purification and 

characterization of its bacteriocin. 

 

1.6.1 Hypothesis 

 

The isolated Bifidobacterium strain RBL67 is a new Bifidobacterium species with 

promising properties for use as probiotic culture. The proteinaceous antimicrobial 

compound is a new bacteriocin, which would be the first bacteriocin identified and 

characterized from bifidobacteria. The use of optimal fermentation conditions and 

technologies improve the production of the bacteriocin and ease its purification 

thereby solving the important constraint of the very low activity production by this 

strain. 

 

1.6.2 General objective 

 

The general objective of this work is to characterize Bifidobacterium sp. RBL67 and 

its unknown antilisterial, proteinaceous compound. 
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1.6.3 Specific objectives 

 

The specific objectives of the thesis are: 

 

1. Species identification and characterization of Bifidobacterium sp. RBL67 using a 

polyphasic approach: phenotypic characterization by carbohydrate fermentation 

profiles, pH and temperature growth limits, and molecular analyses using 

16S rDNA and partial groEL sequence analyses, DNA-DNA hybridization and 

pulsed field gel electrophoresis (chapter 2). 

 

2. Optimization of fermentation conditions for optimal bacteriocin production using 

repeated cycle batch fermentations with immobilized cells and a semi-defined 

medium by studying different pH-temperature combinations (chapter 3). 

 

3. Purification and characterization of the antilisterial, proteinaceous compound 

produced by Bifidobacterium sp. RBL67 with methanol –acetone extraction and 

reversed phase HPLC. The molecular mass and amino acid sequence will be 

determined using MALDI-TOF, SDS-PAGE and Edman degradation (chapter 4). 

 

4. Identification of the coccoid co-isolate UVA1 producing a bacteriocin-like 

inhibitory compound using standard bacterial identification methods (chapter 5). 
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2 Identification of a moderately oxygen-tolerant 
isolate from baby faeces as Bifidobacterium 
thermophilum 

 

2.1 Summary 

 

2.1.1 Background 

 

Bifidobacteria play an important role in the human gastrointestinal tract (GIT) and are 

among the five predominant genera in this ecosystem. Bifidobacteria are highly 

adapted to human GIT which is reflected in their genome. The competitiveness 

against other bacteria is not fully understood yet but may be related to the production 

of antimicrobial compounds such as bacteriocins. In a previous study, 34 

Bifidobacterium isolates have been identified from baby faeces among which six 

showed proteinaceous antilisterial activity against Listeria monocytogenes. In this 

study, one of these isolates, RBL67, was further identified and characterized. 

 

2.1.2 Results 

 

Bifidobacterium isolate RBL67 was identified and characterized using a polyphasic 

approach. RBL67 was identified as Bifidobacterium thermophilum based on 

phenotypic and DNA-DNA hybridization characteristics, although 16S rDNA 

analyses and partial groEL sequences showed higher homology with B. 

thermacidophilum subsp. porcinum and B. thermacidophilum, respectively. RBL67 

was moderately oxygen-tolerant and was able to grow at pH 4 and at a temperature of 

47 °C.  
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2.1.3 Conclusion 

 

In order to assign RBL67 to a species, a polyphasic approach was used. This resulted 

in the identification of RBL67 as a Bifidobacterium thermophilum strain. To our 

knowledge, this is the first report about B. thermophilum isolated from baby faeces 

since the B. thermophilum strains were related to ruminants before. B. thermophilum 

was previously only isolated from animal sources and was therefore suggested to be 

used as differential species between animal and human contamination. Our findings 

may disapprove this suggestion and further studies are now conducted to determine 

whether B. thermophilum is distributed broader in human faeces. Furthermore, the 

postulated differentiation between human and animal strains by growth above 45 °C 

is no longer valid since B. thermophilum is able to grow at 47 °C. 

In our study, 16S rDNA and partial groEL sequence analysis were not able to clearly 

assign RBL67 to a species and were contradictory. Our study suggests that partial 

groEL sequences may not be reliable as a single tool for species differentiation. 
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2.2 Background 

 

Since Tissier discovered the Bifidobacterium spp. in 1899 [Tissier, 1899], over 30 

species have been isolated and identified [Klijn et al., 2005] and the first genome 

sequence of a Bifidobacterium is now available [Schell et al., 2002]. Analyses of 

amplified partial 16S rDNA sequences assigned to uncultivated bifidobacteria suggest 

the existence of more new Bifidobacterium species [Satokari et al., 2003]. 

Bifidobacteria are known to be heterofermentative anaerobic, Gram-positive bacteria 

which belong to the class of Actinobacteria [Stackebrandt et al., 1997] containing 

genomes with a high G+C content. They  mainly colonize the intestines of humans, 

other mammals and insects [Biavati and Mattarelli, 2005]. Some bifidobacteria have 

also been isolated from environmental sources such as sewage [Dong et al., 2000]. 

Bifidobacteria have been described as strictly anaerobic bacteria in the sense that they 

are not able to grow on agar-plates in the presence of air [Biavati and Mattarelli, 

2005]. However, some Bifidobacterium strains were described which were at least 

partially aerotolerant in the presence of reducing agents in liquid media [Beerens et 

al., 2000;  Meile et al., 1997]. Genome analyses of Bifidobacterium longum suggests 

that both growth and survival under oxygen pressure are linked with the presence of a 

set of oxygen-scavenging NADH oxidases [Schell et al., 2002]. Strains of a novel 

species, Bifidobacterium psychraerophilum, were recently reported to be able to grow 

under air on the surface of solid agar-medium [Simpson et al., 2004b]. Based on heat-

shock protein HSP60 encoding sequence homologies, this species clusters  distinctly 

from aerotolerant species of the genera Scardovia, Aeriscardovia, Parascardovia and 

Gardnerella which were related or belonged to the genus Bifidobacterium before the 

recent reclassification [Jian and Dong, 2002;  Simpson et al., 2004b]. For probiotic 

use of a particular Bifidobacterium strain, oxygen tolerance is an important 

characteristic for maintaining cell viability in end products.  

The identification of Bifidobacterium species has most often been done in the past 

mainly by 16S rDNA sequence homology analysis [Leblond-Bourget et al., 1996] and 

confirmed by an enzymatic assay of D-fructose-6-phosphate phosphoketolase 

[Scardovi and Trovatelli, 1965] whose encoding gene xfp is widespread among 

microorganisms and not unique to Bifidobacterium species [Meile et al., 2001]. These 

results were then substantiated by determinations of DNA-DNA relatedness 
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[Stackebrandt and Goebel, 1994] as well as physiological properties such as 

carbohydrate fermentation profiles in order to discriminate between single species of 

the genus Bifidobacterium. Recently, phylogenetic trees for bifidobacteria were 

constructed based on groEL genes encoding heat-shock protein HSP60 [Ventura et 

al., 2004;  Zhu et al., 2003], groES genes encoding chaperon [Ventura et al., 2004] 

and xfp encoding phosphoketolase [Berthoud et al., 2005;  Yin et al., 2005] as 

alternatives to 16S rDNA-based phylogenetic trees. These trends support the 

polyphasic approach for species identification as suggested several years ago 

[Vandamme et al., 1996]. The phylogenetic positions of bifidobacteria groEL 

(synonymly used with HSP60 encoding sequences) seem to generally agree with 16S 

rDNA-based phylogeny, and in several studies, have been more discriminative than 

16S rDNA sequences for species delineation [Ventura et al., 2004].  

In a previous study, 34 isolates of Bifidobacterium species from infant faeces have 

been described, six of which showed bacteriocin-like activity against Listeria 

monocytogenes which represents a rare property among bifidobacteria [Touré et al., 

2003]. In this work, one of these isolates, strain RBL67, whose properties did not 

match with any of the so far described Bifidobacterium species, was identified and 

characterized using 16S rDNA sequence homology, comparative groEL gene 

sequence analysis and carbohydrate fermentation patterns. 
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2.3 Material and methods 

 
Table 2-1: Strains used in this study 

Species Strain 

Bifidobacterium thermacidophilum LMG 21395T 

Bifidobacterium thermacidophilum subsp. porcinum LMG 21689T 

Bifidobacterium adolescentis DSM 20083T 

Bifidobacterium bifidum DSM 20456T 

Bifidobacterium boum DSM 20432T 

Bifidobacterium breve DSM 20213T 

Bifidobacterium longum subtype infantis DSM 20088T 

Bifidobacterium longum subtype longum DSM 20219T 

Bifidobacterium thermophilum DSM 20210T 

Bifidobacterium longum subtype suis DSM 20211 

Bifidobacterium animalis subsp. lactis DSM 10140T 

Bifidobacterium  RBL67* 

Bifidobacterium  RBL68* 

Bifidobacterium  RBL70* 

Escherichia coli  XL1-Blue‡  

BCCM/LMGTM: Belgian co-ordinated collections of micro-organisms/Laboratorium voor 

Microbiology en microbiele Genetica, Ghent, Belgium. 

DSM: German Microorganism Collection, Braunschweig, Germany. 

*Isolated from baby faeces [Touré et al., 2003]; ‡ referred in Bullock et al. (1987) 

2.3.1 Bacterial strains and routine growth conditions 

 

A list of strains used in this study is presented in Table 2-1. Strains were kept in their 

respective growth media (see below) supplemented with 30 % (v/v) glycerol at 

-80 °C. Prior to use, all bifidobacteria were grown on Raffinose-Bifidobacterium 

(RB)-agar plates [Hartemink et al., 1996], without sodium caseinate, supplemented 

with 1.5 % (v/v) agar (Oxoid). After 5 sub cultivations they were transferred to MRS-

C broth consisting of MRS with 0.1 % (v/v) Tween 80 (Biolife) and 0.05 % (w/v) L-

cysteine-hydrochloride (Sigma) or on MRS-C agar (MRS-C broth with 1.5 % (w/v) 

agar). Bifidobacterium bifidum DSM20456Twas cultivated only on MRS-C agar as it 

didn’t grow on RB-agar. All strains were incubated anaerobically at 37 °C overnight 

in MRS-C broth and agar, or at 40 °C for 48 h on RB-agar. 
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2.3.2 Growth under oxidative-, heat- and pH-stress conditions 

 

Growth under conditions of oxidative stress was measured after a modified method 

described by Meile et al. (1997). Volumes of 0, 10 and 50 ml of pure oxygen were 

added to sterile serum flasks containing 400 ml of MRS-C. The flasks were inoculated 

with 1 % of an overnight culture of either B. longum subtype longum DSM 20219T, 

Bifidobacterium RBL67, B. thermacidophilum LMG 21395T or B. thermacidophilum 

subsp. porcinum LMG 21689T. The flasks were then incubated in a shaker at 160 rpm 

and 37 °C for 12 h. Samples were taken every 2 h and treated for 3 min in a stomacher 

to remove clumps prior to measurements of the optical density at 600 nm. Each 

growth curve was carried out twice.  

The temperature and pH extremes of Bifidobacterium RBL67, RBL68 and RBL70, 

B. thermacidophilum LMG 21395T, B. thermacidophilum subsp. porcinum LMG 

21689T, B. animalis subsp. lactis DSM 10140T and B. thermophilum DSM 20210T 

were determined as follows: 

25 ml of MRS-C containing 2 mg l-1 resazurin as redox indicator were anaerobically 

inoculated with 1 % of the tested bifidobacteria cultured overnight. The temperature 

range was evaluated by incubating the strains for 7 days at 12, 25, 46, 47, 48 and 

49 °C with an initial pH of 7.0. The pH range was determined using pH 4.0, 4.5, 5.0, 

5.5 and 8.0 as initial pH for growth. Samples were incubated at 37 °C for 7 days. 

Aliquots were taken daily, treated in a stomacher for 3 min and the OD was measured 

at 600 nm. Each growth condition was measured twice. If a strain failed to reach 

OD600 of 0.4 after 7 days, it was declared as not growing under the tested conditions. 

 

2.3.3 Amplification and sequencing of 16S rDNA 

 

Specific amplification of the 16S rDNA of Bifidobacterium RBL67 and other 

bifidobacteria was done using a slightly modified PCR protocol established by 

Schürch (2002) using the primer pair lm3/lm26 (Table 2-2). The annealing 

temperature used was 62 °C instead of 60 °C. After agarose gel electrophoresis the 

corresponding band for 16S rDNA at the 1.5 kb position was cut out and purified 

using the GFX PCR purification kit (Amersham Biosciences). Sequencing of the PCR 

product was done by Microsynth GmbH using the primers 520F, 520R, 1100F and 
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1100R (Table 2-2). Sequence analysis and comparison was done using the GCG 

software package version 10 as described before [Jian et al., 2001]. Phylogenetic and 

molecular evolutionary analyses were conducted using MEGA version 3.1 [Kumar et 

al., 2004]. The sequences were aligned with ClustalW (version 1.6) and the tree was 

calculated using the neighbour-joining method with Jukes-Cantor parameter and a 

bootstrap value of 1000. 
 

Table 2-2: Oligonucleotides used in this study 

Primer Sequence (5’-3’) 

lm3 CGGGTGCTICCCACTTTCATG  [Kaufmann et al., 1997] 

lm26 GATTCTGGCTCAGGATGAACG  [Kaufmann et al., 1997] 

520F CAGGAGTGCCAGCAGCCGCGG [Miyake et al., 1998] 

520R  ACCGCGGCTGCTGGC [Miyake et al., 1998] 

1100F CAGGAGCAACGAGCGCAACCC [Miyake et al., 1998] 

1100R AGGGTTGCGCTCGTT [Miyake et al., 1998] 

H60F GGNGAYGGNACNACNACNGCNACNG [Jian et al., 2001] 

H60R TCNCCRAANCCNGGNGCYTTNACNGC [Jian et al., 2001] 

T7 TAATACGACTCACTATAGG [Promega] 

SP6 ATTTAGGTGACACTATAG [Promega] 

 

2.3.4 Pulsed field Gel Electrophoresis (PFGE) 

 

PFGE analysis was performed on all Bifidobacterium species listed in Table 2-1 

following a modified method as described before by Simpson et al. (2002) and  

Simpson et al. (2003). DNA from bifidobacteria was isolated and washed as described 

in Simpson et al. (2002) with the following modification: only a one-step proteinase 

K digestion was done overnight. For DNA restriction, 20 U XbaI and 20 U SpeI (New 

England Biolabs) were used together in the same reaction mixture. DNA restriction 

was done overnight at 37 °C in the appropriate buffer supplied by the manufacturer. 

PFGE analysis was carried out on a CHEF-DR II pulsed-field gel electrophoresis 

system (Bio-Rad) at 150 V for 22 h with 1- to 15-s linear ramp pulse time at 4 °C 

using 0.5 x TBE buffer as Simpson et al. (2003) recommended. Molecular size 

markers (0.13 -194.0 kb; New England Biolabs) were included in each run. 
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2.3.5 Cloning and analysis of groEL sequences 

 

DNA cloning and sequencing of a partial heat shock groEL gene sequence from 

Bifidobacterium RBL67 were done using a modified method of Jian et al. (2001). The 

DNA template was extracted using the method of Leenholuts et al. (1989). To 

amplify part of a gene fragment with PCR, the following reaction mixture (25 µl) was 

used: 3-30 ng DNA template measured at 260 nm with a Eppendorf-Biophotometer, 

2.5 U Taq polymerase (Euroclone), 0.1 mM dNTP’s (Amersham Biosciences), 1.5 

mM MgCl2, 2 µM each of primer H60R and H60F (Table 2-2) and 2.5 µl 10x PCR 

buffer (Euroclone). The PCR reactions were carried out in a Biometra Tgradient 

Thermal Cycler using the following protocol: denaturation step 95 °C for 5 min 

followed by 40 cycles of 94 °C for 30 s, 50 °C for 30 s and 72 °C for 1 min at a 

heating rate of 1.5 °C min-1. At the end, the temperature was maintained at 72 °C for 

10 min. A 25-µl aliquot of the reaction mixtures was mixed with 10 µl Orange G 

loading dye (0.25 % Orange G from Fluka in 30 % glycerol) and subjected to 

electrophoresis on agarose (0.8 %) gels in 1 x TAE buffer. DNA bands were 

visualized by 2.5 µg ml-1 ethidium bromide under UV light. Corresponding bands 

(0.59 kb in size) were then cut out and purified as described above.  

Purified PCR fragments were ligated into the pGEM-T easy vector using the Promega 

PCR cloning kit. Ligation and cloning was performed according to the kit manual. 

Transformation of E. coli XL-1 blue cells was done using the electroporation method 

described by Sambrook and Russel (2001). Recombinant plasmids were extracted 

from transformed cells with the Promega Wizard Plus Midiprep DNA Purification 

System. Plasmid DNA (100 ng µl-1) carrying partial HSP60 encoding gene sequences 

from Bifidobacterium RBL67 or B. thermacidophilum LMG 21395T was then 

sequenced by Microsynth GmbH and finally aligned to the corresponding sequences 

from bifidobacteria and Bacillus subtilis W168 (obtained from Genbank entries) using 

the CLUSTAL W software (version 1.6). Similarities were calculated and converted 

into a distance matrix with the Jukes-Cantor parameter and rooted with Bacillus 

subtilis W168 applying a bootstrap value of 1000 using the software MEGA version 

3.1 [Kumar et al., 2004]. 
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2.3.6 DNA-DNA hybridization 

 

Whole genome DNA-DNA hybridizations were carried out externally at DSMZ 

Germany. Hybridizations were performed with the genomes of Bifidobacterium 

RBL67, B. thermacidophilum LMG21395T, B. thermacidophilum subsp. porcinum 

LMG21689T, B. thermophilum DSM 20210T and B. boum 20432T. Total DNA was 

isolated using the method described by Cashion et al. (1977), and DNA-DNA 

hybridizations were carried out according to the method of  Ley et al. (1970) with the 

modifications of Huss et al. (1983). 

 

2.3.7 Carbohydrate fermentation and acid analysis 

 

Carbohydrate fermentation of strain RBL67 was analyzed using API 50 CHL strips 

(Biomérieux). The tests were carried out in triplicates according to the manufacturer’s 

instructions with a modification in culture preparation. Briefly, 2 ml of an overnight 

culture in MRS-C broth were centrifuged (14000 g, 5 min, 4 °C). The pellet was then 

washed and resuspended in 1 ml of autoclaved water. This suspension was then mixed 

with 5 ml CHL50 medium (Biomérieux) and 0.1 ml of this mixture was applied to 

each tube of the API test. The test strips were then incubated anaerobically for 72 h at 

37 °C and evaluated after 24, 48 and 72 h. 

Molar ratio of acetic and lactic acid was determined using HPLC. 2 ml of an 

overnight culture (16 h) of either Bifidobacterium RBL67, RBL68 or RBL70, 

B. thermacidophilum LMG 21395T or B. thermacidophilum subsp. porcinum LMG 

21689T were centrifuged (14000 g, 5 min, 4 °C). The supernatant was 10 x diluted in 

HPLC-grade water and filtered (0.45 μm) prior to HPLC analysis. This was carried 

out using an Aminex HPX-87H (300 x 7.8 mm) column (Bio-Rad) in a Merck 

LaChrom HPLC system. Sulfuric acid (10 mM, Fluka) was used as mobile phase at a 

flow rate of 0.4 ml min-1. Sugars and acids were detected by a RI detector. Analyses 

were done in duplicate. 
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2.4 Results and Discussion 

2.4.1 Phylogenetic position of Bifidobacterium sp. RBL67 

 

Since 16S rDNA sequences are the most widely used molecules in phylogenetic 

identification of bacteria, the 16S rDNA fragment of strain RBL67 was amplified by PCR 

using the lm3/lm26 primer pair (Table 2-2). The sequence of the resulting fragment (approx. 

1.5 kb [Genbank:DQ340557]) showed the highest homologies to 16S rDNA sequences of 

other bifidobacteria from the GenBank (Table 2-3) with the highest similarity,  99 %, to the 

sequence of Bifidobacterium thermacidophilum subsp. porcinum LMG21689T [GenBank: 

AY148470], isolated by Zhu et al. (2003), and 94 % to that of the Bifidobacterium 

thermophilum type strain [GenBank: U10151] (Table 2-3). A phylogenetic tree was 

constructed from the 16S rDNA sequences using a consensus length of 1392 kb. The tree 

shows clustering of RBL67 with the Bifidobacterium thermophilum/thermacidophilum/boum 

branch (Fig. 2-1), described as the “thermophilic group” by Zhu et al. (2003). 

 
Table 2-3: 16S rDNA sequence homologies of Bifidobacterium sp. RBL67 with 16S rDNA sequences 

found in the GenBank 

Bifidobacterium sp. RBL67 [GenBank: DQ340557]  compared with* % Identity 

{Gaps} 

Bifidobacterium thermacidophilum subsp. porcinum LMG 21689T complete sequence  

[GenBank: AY148470] 
99 {2} 

Bifidobacterium boum JCM1211T 16S rDNA partial sequence [Genbank: D86190] 97 {2} 

Bifidobacterium sp. group I-3 16S ribosomal RNA gene, partial sequence [GenBank: AF321295] 97 {5} 

Bifidobacterium thermacidophilum LMG21395T 16S rDNA complete sequence [GenBank: 

AB016246] 
96 {12} 

Bifidobacterium saeculare  DSM6533T 16S rDNA partial sequence [GenBank: D89330] 95 {6} 

Bifidobacterium subtile JCM 7109T 16S rDNA partial sequence [GenBank: D89329] 95 {6} 

Bifidobacterium thermophilum ATCC 25525T 16S rDNA partial sequence [GenBank: U10151] 94 {8} 

*Accession numbers in brackets () 

 

There is insufficient discriminating power to clearly assign a 16S rDNA to a species 

within the genus Bifidobacterium since similarity values for this gene can range from 

93 % to 99 % between species, as reported in other studies [Miyake et al., 1998;  

Satokari, 2002;  Vaugien et al., 2002]. Therefore a polyphasic approach, as suggested 
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by Vandamme et al. (1996), was used in this study to identify the species of the 

unknown strain RBL67. A comparison of results from several characterization 

methods allowed us to assign strain RBL67 to Bifidobacterium thermophilum as 

explained below. 

 

 
Fig.  2-1: Phylogenetic tree based on 16S rDNA sequences. The tree was rooted with Gardnerella 

vaginalis RLUH-1 and constructed by using the Neighbor-joining method with Jukes-Cantor parameter 

and a bootstrap value of 1000. The number at each branch point represents percentage bootstrap 

support. Accession numbers in brackets. 

 

2.4.2 Comparative analysis of groEL gene sequences 

 

The next step of the identification process was to compare the partial groEL gene 

sequences (0.59 kb in size) of Bifidobacterium RBL67 [GenBank: DQ340558], 

B. thermacidophilum LMG21395T [GenBank: AY004276] and B. thermacidophilum 

subsp. porcinum LMG21689T [GenBank: AY166561] with those of other 

bifidobacteria from the GenBank. Based on a consensus length of 0.59 kb, a 

phylogenetic tree was constructed (Fig. 2-2) and rooted with Bacillus subtilis W168 

[GenBank: M81132]. The tree shows common clustering of strain RBL67 with the 

Bifidobacterium thermophilum/thermacidophilum/boum branch, which substantiates 

the 16S rDNA comparisons presented in Fig. 2-1. According to the 16S rDNA tree, 

strain RBL67 splits off earlier on the branch and is closer related to B. thermophilum 
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(Fig. 2-1 [GenBank: U10151]) whereas using partial groEL sequences, strain RBL67 

is on the same branch as B. thermacidophilum (Fig. 2-2 [GenBank: AY004276]). 
 

Table 2-4: Partial groEL sequence of Bifidobacterium sp. RBL67 compared with closely related 

Bifidobacterium species  

Bifidobacterium sp. RBL67 groEL [GenBank: DQ340558] gene sequence compared with: % Similarity 

B. thermacidophilum LMG 21395T [GenBank: AY004276] 98.25 % 

B. thermacidophilum subsp. porcinum LMG 21689T [GenBank: AY166561] 97.06 % 

B. thermophilum DSM 20210T [GenBank: AF240567] 95.65 % 

B. boum DSM 20432T [GenBank: AY004285] 93.58 % 

 

The comparison of 16S rDNA sequences and partial groEL sequences showed a 

discrepancy between the classifications of strain RBL67 based on those methods. By 

comparing the partial groEL gene sequences, Bifidobacterium RBL67 is more closely 

related to B. thermacidophilum LMG21395T (98.25 % similarity) than to 

B. thermacidophilum subsp. porcinum LMG21689T (97.06 %, table 2-4) whereas 

based on 16S rDNA sequences strain RBL67 is closer related to B. thermacidophilum 

subsp. porcinum LMG21689T (99%, table 2-3) than to B. thermacidophilum 

LMG21395T (96 %). According to the definition of Zhu et al. (2003) a similarity of 

96.5-100 % and 95.5-97 % is required for intraspecies and inter-subspecies 

differentiation by partial groEL sequences, respectively. By applying this definition to 

partial groEL gene sequencing data (Table 2-4), Bifidobacterium RBL67 could belong 

to the species thermacidophilum or it could be a subspecies of B. thermophilum 

DSM20210T (95.65 % similarity), which is contradictory. Clearly sequencing analysis 

of partial groEL could not provide enough evidence to confirm the phylogenetic 

identification of Bifidobacterium isolate RBL67. 
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2.4.3 DNA-DNA hybridization 

 

For the final identification of Bifidobacterium RBL67, DNA-DNA hybridization was 

performed. The results (Table 2-5) confirmed that the partial groEL gene sequence 

was not sufficient to differentiate between species. According to the limit of 70 % 

similarity required for species identification [Wayne et al., 1987], only 

Bifidobacterium boum DSM20432T could be defined as a different species by DNA-

DNA hybridization. B. thermacidophilum LMG21395T was on the limit of this 

definition; its classification as a new species was justified by data from both DNA-

DNA hybridization and phylogenetic data reported by Dong et al. (2000). However, 

our DNA-DNA hybridizations provide evidence that B. thermacidophilum subsp. 

porcinum LMG21689T belongs to B. thermophilum, showing 82.25 % homology to B. 

thermophilum DSM20210T (Table 2-5). 

 
Table 2-5: Similarity in percent of the DNA-DNA hybridizations of Bifidobacterium sp. RBL67, 

LMG21689T and DSM2010T with closely related strains. 

 Bifidobacterium sp. 

RBL67 

B. thermacidophilum subsp. 

porcinum LMG21689T 

B. thermophilum 

DSM20210T 

Bifidobacterium sp. RBL67 100.0 % n.d.  n.d. 

B. thermacidophilum LMG21395T 77.9 % 71.9 % 71.15 % 

B. thermacidophilum subsp. 

porcinum LMG21689T 
77.2 % 100.0 % 82.25 % 

B. thermophilum DSM20210T 86.25 % n. d. 100.0 % 

B. boum DSM20432T 47.75 % n. d. n. d. 

n. d.: not determined 

 

Bifidobacterium RBL67 showed 86.25 % homology with B. thermophilum 

DSM20210T and could also not be discriminated as a new species. Bifidobacterium 

RBL67 showed even less similarity to B. thermacidophilum LMG21395T and 

B. thermacidophilum subsp. porcinum LMG21689T than to B. thermophilum 

DSM20210T (Table 2-5). 
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Fig.  2-2: Phylogenetic tree based on fragments of the partial groEL gene DNA sequences rooted with 

Bacillus subtilis W168. The tree was constructed using the neighbour-joining method with Jukes-

Cantor parameter and bootstrap values calculated from 1000 trees (represented as percentages at each 

branch-point). Accession numbers in brackets. 

 

Furthermore, the homologies between Bifidobacterium RBL67 and both B. 

thermacidophilum strains were similar (77.9 % for LMG21395T and 77.2 % for 

LMG21689T) while the homology between B. thermacidophilum LMG21395T and 

B. thermacidophilum subsp. porcinum LMG21689T was only 71.9 %. The result 

reported by Dong et al. (2000) from DNA-DNA hybridization, 58.9 % similarity 
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between B. thermacidophilum LMG21395T and B. thermophilum DSM20210T, was 

not confirmed in this study. This might be due to different methods of DNA isolation, 

DNA-DNA hybridization or interpretation of the data. 

 

 
Fig.  2-3: PFGE-profiles from Bifidobacterium strains used in this study. Lane 1: Bifidobacterium sp. 

RBL68; lane 2: Bifidobacterium sp. RBL70; lane 3: B. thermacidophilum LMG21395T; lane 4: 

Bifidobacterium sp. RBL67; lane 5: B. thermacidophilum subsp. porcinum LMG21689T; lane 6: B. 

animalis subsp.  lactis DSM 10140T; lane 7: B. boum DSM20432T ; lane 8: B. thermophilum 

DSM20210T.  

 

2.4.4 Pulsed field gel electrophoresis 

 

Finally, PGFE was performed for further molecular characterization of 

Bifidobacterium sp. RBL67. The PGFE profile (Fig. 2-3) of this strain was compared 

to that of seven different Bifidobacterium sp.: the five strains used for DNA-DNA 

hybridizations and two others isolated from baby faeces, Bifidobacterium spp. RBL68 

and RBL70 (Table 2-1). According to these PFGE profiles (Fig. 2-3) RBL67 (lane 4) 

is closely related to RBL68 (lane 1) and RBL70 (lane 2). In addition, the profile of 

Bifidobacterium sp. RBL67 (lane 4) is clearly different from the profiles of B. 

thermacidophilum LMG21395T (lane 3) and B. thermacidophilum subsp. porcinum 

LMG21689T (lane 5), but seems to be more similar to that of B. thermophilum 

DSM20210T (lane 8) but only in the separation area where the fragments exceed 9.42 

kb. PGFE profiles are more similar between strains LMG21395T (lane 3) and 

LMG21689T (lane 5) than between these strains and RBL67 (lane 4). However, the 

profile of LMG21689T (lane 5) has a few more fragments in the lower kilobases 
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ranging from 4.36 to 9.42 kb compared with the other two strains. Comparisons of 

PFGE profiles between Bifidobacterium sp. RBL67 and other bifidobacteria  (Fig. 2-

3) confirmed the results from the other molecular analyses (Fig. 2-1 and 2-2; Tables 

2-3, 2-4 and 2-5), but independently PFGE could not discriminate between species in 

this study. 

 

2.4.5 Physiological properties of Bifidobacterium sp. RBL67 

 

Cells of Bifidobacterium RBL67 grew well on MRS-C agar incubated anaerobically 

at 37 °C overnight and on RB-agar at 40 °C in 48 h. They were non-motile, 

irregularly shaped rods and formed pairs when growing on plates (Fig. 2-4a). On RB-

agar, they formed yellow colonies with a diameter of 1 mm. When growing in liquid 

culture, agglomeration of cells occurred (Fig. 2-4b). This agglomeration was pH 

dependent: the lower the pH, the greater the agglomeration of cells. The formation of 

agglomerates was inhibited by pH control at pH 7 (data not shown). In contrast to 

B. thermacidophilum LMG21395T, aggregated cell clumps of Bifidobacterium RBL67 

were not easily dispersed again, even after extended mixing. 

Bifidobacterium RBL67 was moderately oxygen tolerant; therefore it was not 

necessary to perform dilutions and inoculations anaerobically. However, the strain did 

not grow on agar plates under aerobic conditions after 7 days. No selected gas 

atmosphere was necessary to grow the strain in liquid culture. While sparkling the 

liquid media with oxygen-free nitrogen or carbon dioxide, Bifidobacterium sp. RBL67 

ceased to grow. To determine the level of oxygen tolerance, anaerobic media were 

purged with oxygen as described by Meile et al. (1997). Fig. 2-5 shows the growth 

curves for Bifidobacterium sp. RBL67 at different levels of oxygen in reduced 

medium. At 2.5 % oxygen in the bottle growth of this strain was maintained, showing 

its elevated tolerance to oxygen. Even at 12.5 % oxygen, the OD still increased 

fivefold during incubation for 12 h. 
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Fig.  2-4: A: Microscopic picture of Bifidobacterium RBL67 grown on MRS-C agar overnight. White 

bar indicates 10 µm. B: Microscopic picture of a small agglomerated clump of Bifidobacterium RBL67 

cells in MRS-C liquid culture after 24 h growth at 37 °C. White bar indicates 10 µm. 

 

B. thermacidophilum LMG21395T and B. thermacidophilum subsp. porcinum 

LMG21689T showed similar growth curves to strain RBL67 under oxidative stress, 

but seemed to grow slightly better at 12.5 % oxygen after 10 h of fermentation (data 

not shown). Nonetheless, all the strains tested were less oxygen tolerant than B. 

animalis subsp. lactis, which was shown to tolerate 50 ml of oxygen in comparable 

reduced medium [Meile et al., 1997]. 

Table 2-6 shows a summary of the fermentation profiles and growth extremes of 

Bifidobacterium RBL67, RBL68, RBL70, B. thermacidophilum LMG21395T, 

B. thermacidophilum subsp. porcinum LMG21689T, B. animalis subsp. lactis 

DSM10140T and B. thermophilum DSM20210T. For the determination of the growth 

limits for pH and temperature a limit of OD600 ≥ 0.4 after 7 days incubation was set. 

Bifidobacterium RBL67 was found to grow in a very large pH and temperature range 

(Table 2-6). Its maximum growth temperature (47 °C) was very close to that of 

B. thermophilum DSM20210T, although the later grew to a higher OD (data not 

shown). B. thermacidophilum LMG21395T was the only strain in this study that grew 

at 49 °C which confirmed the growth characteristics described by Dong et al. (2000). 

As for a lower pH limit, RBL67 and RBL70 were the only strains still growing at 

pH 4 under the growth conditions of the study. B. thermacidophilum LMG21395T did 

not grow at this pH, which was reported by Dong et al. (2000). The upper pH limit for 

growth was not determined, but all tested cultures still grew very well at pH 8.  
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Fig.  2-5: Growth of Bifidobacterium RBL67 under different oxygen concentrations in MRS-C at 

37 °C. Points are mean of three replicates. ● Growth under anaerobic conditions; ■ Growth with 2.5 % 

oxygen; ▲ Growth with 12.5 % oxygen. 

 

The G+C content of DNA from Bifidobacterium RBL67 was 59.7 mol-% as 

determined by DSMZ Germany. This compared well with the G+C determination of 

B. thermophilum DSM20210T, 60 mol-%, but differed from that of B. 

thermacidophilum LMG21395T and B. thermacidophilum subsp. porcinum 

LMG21689T, which were 57.7 and 61.5 mol-% G+C, respectively. 

 



Chapter 2 Bifidobacterium thermophilum RBL67 Results and Discussion 

 

56 

Table 2-6: Phenotypic characteristics of the tested Bifidobacterium species: 67: Bifidobacterium sp. 

RBL67; 68: Bifidobacterium sp. RBL68; 70: Bifidobacterium sp. RBL70; 21689: B. thermacidophilum 

subsp. porcinum LMG21689T; 21395: B. thermacidophilum LMG21395T; 20210: B. thermophilum 

DSM20210T; 10140: B. animalis subsp. lactis DSM10140T.  

  67 68 70 21689 21395 20210 10140 

L-arabinose - - - - + - + 

D-ribose - - - D - - + 

D-galactose D + D + + + + 

D-fructose + + + + - + D 

D-mannose - - - - - - D 

Methyl-AD-mannopyranoside D - - - - D - 

Methyl-AD-glucopyranoside + D - + + + + 

Amygdalin - - - - D + + 

Arbutin D - - D D + - 

Esculin ferric citrate + D - + D + + 

Salicin - - - D D + + 

D-lactose (bovine) - - - + - w + 

D-trehalose - - D W - D - 

Inulin w D w - - D - 

Gentiobiose - - - - - + D 

D-melezitose - - D - - D - 

        

Minimum growth temp. (°C) 25 25 n. d. 25 25 25 25 

Maximum growth temp. (°C) 47 47 47 47 49 47 46 

Minimum growth pH 4 4.5 4 4.5 4.5 4.2 4.5 

DNA G+C content (mol-%) 59.7 n. d. n. d. 61.5 57.7 60 61.9 

+, positive reaction; -, negative reaction; w, weak reaction; D, variable reaction; n. d.: not determined. 
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2.5 Conclusions 

 

In order to assign the species status for the Bifidobacterium isolate RBL67, we used a 

polyphasic approach since phylogenetic trees based on partial groEL gene (as used by 

Ventura et al. (2004) and Dong et al. (2000)) and 16S rDNA sequences generated 

similar but not identical results for species identification. Berthoud et al. (2005) 

reported similar difficulties when studying the “thermophilic group”, which could not 

be differentiated at the species level by xfp gene sequencing. They proposed the use of 

16S rDNA sequencing, as an additional method for species differentiation. However, 

our DNA-DNA hybridization data (Table 2-5) revealed a very close relationship 

between B. thermophilum species and B. thermacidophilum species and questioned 

the current classification of B. thermacidophilum as a discrete species. Our 

hybridization data were substantiated by phylogenetic data, molecular 

characterization and physiological properties and allowed the classification of strain 

RBL67 into the species Bifidobacterium thermophilum. In contrast with a previous 

report [Dong et al., 2000], among our tested strains (Table 2-4) only B. boum could be 

clearly identified as a species different from B. thermophilum based on DNA-DNA 

hybridization. This finding suggests that partial groEL gene sequences may not be 

reliable as a single tool for Bifidobacterium species differentiation. However, more 

studies have to be done to confirm this suggestion. 

A very important finding of this study is that B. thermophilum could be isolated from 

human origin (baby faeces). In previous studies, B. thermophilum has been classified 

as an animal-related species mainly present in ruminant faeces [Delcenserie et al., 

2004;  Klein et al., 1998]. Based on this, it has been suggested that bifidobacteria 

should be used to discriminate between animal and human bacterial contamination in 

foods [Beerens, 1998;  Delcenserie et al., 2004]. Since we were now able to isolate 

B. thermophilum from baby faeces, it is questionable whether at least this species still 

can be used as animal contamination indicator.  

Another discrimination tool between human and animal bifidobacteria strains was the 

temperature growth limit of 45 °C for strains from human origin [Biavati and 

Mattarelli, 2005;  Gavini et al., 1991]. B. thermophilum strains are able to grow at 47 

°C and since they can also be found in human faeces [this study], the use of the 

temperature is not reliable anymore for the discrimination of the origin of 
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bifidobacteria. However, since only a few species are able to grow above 45 °C, the 

assignment to a Bifidobacterium sp. can be narrowed. 

Further studies are now undergoing to determine whether B. thermophilum is more 

widespread within humans. 



Chapter 2 Bifidobacterium thermophilum RBL67 Description 

 

59 

2.6 Description of Bifidobacterium thermophilum RBL67 

 

Bifidobacterium thermophilum RBL67 (Gr. therme heat; Gr. adj. philum loving). 

Gram-positive, non-spore forming, irregularly rod shaped cells occurring in pairs but 

not in chains on solid media (Fig. 2-4A) and forming clumps in liquid media (Fig. 2-

4B). It grows anaerobically on plates, but tolerates 10 ml of oxygen in a shaken serum 

flask for growth in reduced MRS-C medium. Optimum growth temperature is 37 °C 

to 40 °C in MRS-C medium. The growth temperature ranges from 25 °C to 47 °C and 

lowest pH for growth is pH 4.0. 

D-Glucose, D-Fructose, D-Maltose, D-Melibiose, D-Saccharose, Inulin, D-Raffinose, 

Starch, Glycogen, D-Turanose and Methyl-alpha-D-glucopyranosid are fermented. 

Glycerol, Erythriol, D-Arabinose, L-Arabinose, D-Ribose, D-Xylose, L-Xylose, D-

Adonitol, Methyl-BD-Xylopyranoside, D-Mannose, L-Sorbose, L-Rhamnose, 

Dulcitol, Inositol, D-Mannitol, D-Sorbitol, N-Acetylglucosamine, Amygdalin, 

Salicin, D-Cellobiose, D-Lactose (bovine), D-Trehalose, D-Melezitose, Xylitol, 

Gentiobiose, D-Lyxose, D-Tagatose, D-Fucose, L-Fucose, D-Arabitol, L-Arabitol, 

Potassium gluconate, Potassium 2-ketogluconate, Potassium 5-ketogluconate are not 

fermented. 

Molar ratio of acetate to lactate from glucose is 5.91 to 1 grown under anaerobic 

conditions in MRS-C medium at 37 °C overnight (16 h). The strain is fructose-6-

phosphate phosphoketolase-positive and catalase-negative. The G+C content of the 

DNA is 59.7 mol-%. No extrachromosomal elements were detectable.  

Type strain: Bifidobacterium thermophilum RBL67. Nucleotide accession number for 

the partial 16S rDNA gene is DQ340557. Accession number of the partial groEL gene 

sequence for B. thermophilum RBL67 is DQ340558. 
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3 Increased production of a new bacteriocin 
from Bifidobacterium thermophilum RBL67 
using repeated cycle batch culture 

 

3.1 Summary 

 

In the previous chapter, a Bifidobacterium strain producing a low amount of an 

unknown bacteriocin was identified as B. thermophilum RBL67. In this study, 

bacteriocin production of B. thermophilum RBL67 at different pH and temperature 

conditions in a semi-defined, modified Perrin-medium was studied during repeated 

cycle batch cultures (RCB) and compared with free cell batch cultures. Cells of RBL67 

were immobilized in gellan/xanthan gum gel beads and 4 times colonized in MRS 

medium supplemented with 0.05 % cysteine-HCl. Cell density was increased to ca. 

1011 cfu g-1 beads after colonization compared to 4x108 cfu mL-1 at the end of free cell 

batch fermentations at pH 6.0. During RCB culture, the highest bacteriocin 

concentration (256 AU mL-1) was measured for pH 5.5 and 35 °C after 4 h culture, 

resulting in a volumetric productivity of 64 AU mL-1 h-1. The highest volumetric 

productivity of 80 AU mL-1 h-1 was achieved for pH 6.0 and 40 °C. The stability of 

RCB fermentation process with RBL67 was shown during 4 cycles. The same 

immobilized cells were re-used after 4 month storage of beads for further 12 cycles of 

RCB fermentation. 
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3.2 Introduction 

 

Bacteriocins are antimicrobial peptides produced by bacteria including many food-

grade lactic acid bacteria with narrow or broad host ranges [Cotter et al., 2005]. 

Bacteriocinogenic cultures are increasingly used by the food industry as tools for bio-

preservation and shelf-life extension in response to the consumers demand for 

minimally processed foods with milder treatments [Deegan et al., 2006;  Nes and 

Johnsborg, 2004]. Many bacteriocins have been purified from various LAB, 

especially  Lactococcus spp., Lactobacillus spp. and Pediococcus spp. [Rodriguez et 

al., 2003]. However, no bacteriocin from Bifidobacterium spp. has been purified and 

characterized yet. The bacteriocin bifidocin B described by Yildirim et al. (1999) has 

later been identified as produced by a Pediococcus strain (I. Fliss, personal 

communication). Collado et al. (2005a and 2005b), Gibson and Wang (1994) and 

Meghrous et al. (1990) have reported proteinaceous antimicrobial compounds from 

Bifidobacterium spp. but they did not purify them.  

Bifidobacteria are anaerobic, Gram-positive bacteria forming irregular rods. They are 

catalase-negative with a high G+C-content ranging from 55-67 mol-% [Biavati and 

Mattarelli, 2005]. Up to now, more than 30 species have been assigned to the genus 

Bifidobacterium [Klijn et al., 2005;  Leahy et al., 2005]. They belong to the five 

principal genera in the gastrointestinal tract and are claimed to promote health with 

properties like reduction of acute diarrhoea [Falk et al., 1998;  Saavedra et al., 1994]. 

One possible mechanism for health effect of bifidobacteria on the gut microbiota is 

the production of bacteriocins [Collado et al., 2005b;  Touré et al., 2003]. Touré et al. 

(2003) have isolated six bifidobacteria strains from baby faeces producing  

proteinaceous, antilisterial compounds at low concentration.  

The low production of bacteriocins during fermentation is a main limiting factor for 

their use as food preservatives [Bertrand et al., 2001], but also to study and 

characterize the peptides because pure compounds in suitable amount must be 

produced.  

Bacteriocin production is dependent on many factors like pH, aeration, temperature 

and growth media [Parente and Ricciardi, 1999]. As well high biomass is needed to 

produce high bacteriocin titres. Cell immobilization provides an original solution for 
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reaching high cell densities and has already been tested for production of bacteriocins 

such as nisin and pediocin [Lacroix et al., 2005]. However, bacteriocin production 

tested during continuous immobilized cell (IC) cultures was always low compared to 

free cell (FC) batch cultures and generally not increased compared to FC continuous 

cultures eventhough the total viable cell concentrations in the reactor was increased 

approximately ten-fold in IC cultures [Desjardins et al., 2001]. Bertrand et al. (2001) 

reported a high nisin Z production during repeated cycle batch (RCB) culture, with 

two- and thirteen-fold increase in yield and productivity for short 1-h incubation 

cycles, respectively, compared to pH-controlled free cell batch fermentations 

performed with optimal conditions. This high production was assumed to result from 

the evolutionary conditions produced during batch culture combined with high cell 

density in the reactor [Desjardins et al., 2001; Bertrand et al., 2001]. 

In this work, RCB cultures were tested to increase bacteriocin production by 

Bifidobacterium thermophilum RBL67 previously isolated from baby faeces and 

characterized [Touré et al., 2003;  von Ah et al., 2006]. In preliminary tests, the 

optimal growth conditions for free cell fermentations in a complex growth medium 

(supplemented MRS medium) were determined and adapted for fermentation in a 

semi-defined medium [Perrin et al., 2001]. A semi-defined medium (modified Perrin-

Medium) was used to facilitate further purification and structure analysis of the 

bacteriocin produced at low levels. For RCB fermentations, different pH and 

temperature combinations were tested in modified Perrin medium with the objective 

to optimize production of the bacteriocin. The stability of the beads after long term 

frozen storage was also evaluated. 
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3.3 Material and methods 

 

3.3.1 Strains 

 

Bifidobacterium thermophilum RBL67 (RBL67) [von Ah et al., 2006] and Listeria 

ivanovii HPB28 (L28) (Health Protection Branch, Health and Welfare, Ottawa, ON, 

Canada) were both from our stock collection. Both cultures were kept at -80 °C in 

their respective growth media supplemented with 30 % glycerol (Fluka, Buchs, 

Switzerland). RBL67 was reactivated in MRS (Biolife, Geneva, Switzerland) [de Man 

et al., 1960] supplemented with 0.05 % L-cysteine-hydrochloride (Fluka) (MRS-C). 

RBL67 was sub-cultivated at least 5 times overnight at 40 °C prior further use. L28 

was cultivated in 30 g L-1 tryptic soy broth (Difco, Basel, Switzerland) supplemented 

with 0.6 % (w/v) yeast extract (Merck Fermtech, Darmstadt, Germany) and 0.2 % 

(w/v) sodium dihydrogen carbonate (Fluka). For the agar diffusion assays, this 

medium was additionally supplemented with 0.75 % (w/v) agar (tryptic soy soft-agar) 

(Difco). All media were sterilized at 121 °C for 15 min prior use. 

 

3.3.2 Medium for bacteriocin production 

 

For the production of the bacteriocin from RBL67, a low-protein containing medium 

after Perrin et al. (2001) was used. This medium (m-Perrin-medium) was modified by 

using yeast extract instead of casein enzymatic hydrolysate (N-Z-Case). One liter of 

medium base was prepared as follows: 41.5 g CH3CO2Na.H2O, 2.5 g K2HPO4, 5 g 

yeast extract (Fermtech), 0.5 g cysteine-HCl and 10 mL of salt solution were added to 

880 mL bidistilled water. The salt solution consisted of (100 mL): 100 mg NaCl, 100 

mg FeSO4.7H2O, 2 g MgSO4.7H2O, 51 mg MnSO4.H2O, 100 mg adenine, 100 mg 

guanine, 100 mg uracil, 100 mg xanthine, 2 g L-alanine, 1 g L-asparagine and 2 g DL-

tryptophan. The vitamin solution contained (for 100 mL): 10 mg p-aminobenzoic 

acid, 11 mg folic acid.2H2O, 4 mg d-biotin, 400 mg Ca-pantothenate, 1.2 g 

pyridoxine-hydrochloride, 200 mg riboflavin and 200 mg thiamine-hydrochloride. 



Chapter 3 Repeated cycle batch fermentation for increased bacteriocin 

production 

Material and Methods 

 

64 

The vitamin solutions were  filter sterilized prior to use. The medium base was 

sterilized at 121 °C for 15 min. After cooling, 1 mL vitamin solution, 10 mL filter 

sterilized ascorbic acid solution (100 g L-1) and 100 mL sterilized glucose solution 

(200 g L-1) were added. All chemicals were from Fluka except where otherwise 

stated. 

 

3.3.3 Free cell batch cultures 

 

Free cell batch cultures were carried out in 500 mL reactors (Sixfors, Infors AG, 

Bottmingen, Switzerland) at 40 °C and pH 6. In preliminary tests, pH 5 and pH 7 

were also tested in MRS-C at 40 °C to determine optimal growth pH. The pH was 

controlled by addition of 5 M NaOH (Fluka). MRS-C was directly autoclaved in the 

fermenter at 121 °C for 15 min whereas sterile m-Perrin medium was filled in the 

previously autoclaved reactor. Free cell batch cultures in MRS-C were inoculated 

with 1 % inoculum of an overnight culture whereas cultures in m-Perrin medium 

where inoculated with 5 % inoculum of a 24 h culture in the same medium to 

compensate for the slower growth rate in this medium. The inoculum concentration 

was chosen based on the study of Perrin et al. (2001). These fermentations were done 

in duplicate. 

 

3.3.4 Cell immobilization 

 

The inoculum of B. thermophilum RBL67 used for immobilization was prepared in 

100 mL MRS-C overnight without pH-control as described before. The cell pellet was 

recovered by centrifugation (13000 g, 2 °C, 15 min; Avanti J-251 centrifuge, 

Beckman, Fullerton, USA) and resuspended in sterile peptone water (1 % (w/v) from 

meat pancreatically digested (Merck), 0.85 % (w/v) NaCl and 0.05 % (w/v) L-

cysteine-hydrochloride) adjusted to pH 6. RBL67 cells were immobilized in 0.5-2 mm 

beads made of gellan and xanthan gum and sodium citrate (2.5 %, 0.25 % and 0.02 % 

(w/v), respectively (Fluka), autoclaved at 121 °C for 15 min) using the method 

described by Cinquin et al. (2004). Beads were hardened during 30 min in sterile 
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0.1 M CaCl2 (Fluka) with stirring at 180 rpm. Beads in the diameter range from 

0.5 mm to 1 mm were collected by wet sieving and thoroughly washed with sterile 

0.1 M CaCl2. All steps were done under sterile conditions. 

 

3.3.5 Repeated cycle batch cultures 

 

Repeated cycle batch (RCB) cultures were performed in 500 mL reactors inoculated 

with 150 mL beads and 350 mL sterile MRS-C medium. The beads were colonized 

with four successive batch fermentations in MRS-C at pH 6 (adjusted with 5 M 

NaOH) and 40 °C. The medium was changed when no base was added for at least 

20 min, which was reached after approx. 18 h for the first colonization cycle and after 

45 min for the last colonization cycle. The beads were kept overnight at 4 °C in fresh 

medium or, if stored longer, in a storage solution containing 2 % (w/v) sodium citrate, 

0.67 % (w/v) citric acid and 0.15 % (w/v) CaCl2 (all chemicals from Fluka). RCB 

cultures for bacteriocin production were performed in m-Perrin medium at different 

pH (5.5, 6.0, 6.5 and 7.0, controlled with addition of 5 M NaOH) and temperature (35, 

40 and 45 °C) combinations according to a complete factorial design, with stirring 

with inclined blade impeller at 150 rpm. A culture cycle was stopped when no base 

was added for at least 20 min. Each pH and temperature combination was tested in 

triplicate. For stability testing, the culture was incubated at 40 °C and pH 6.0 with 

stirring at 150 rpm. 

 

3.3.6 Storage of beads 

 

To test the stability of beads, colonized beads (150 ml) used for four consecutive RCB 

fermentations were harvested by sieving, resuspended in 200 mL skim milk (Oxoid, 

Basel, Switzerland) and stored for 4 months at -80 °C. Then they were used after 

sieving to inoculate a bioreactor and reactivated for three culture cycles in MRS-C at 

pH 6 and 40 °C. The reactivated beads were then used for 14 consecutive 

fermentation cycles in m-Perrin medium as described above for the stability study. 

The storage experiments were performed in duplicate. 
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3.3.7 Cell enumeration and optical density determination 

 

The viable cell count in fermented samples was estimated by duplicate serial dilution 

plating on MRS-C agar. The plates were anaerobically incubated for 72 h at 37 °C. 

The optical density (OD) was measured at 600 nm with a spectrophotometer 

(Tegmenta Uvikon 810P, Rotkreuz, Switzerland). Cell counts in beads were 

determined after bead dissolution as follows: approx. 0.5 g beads accurately weighed 

were stomached in 24 ml of 1 % EDTA solution (w/v, pH 7; Fluka) for 10 min and 

plated on MRS-C agar as described above. 

 

3.3.8 Bacteriocin activity assay 

 

Prior to bacteriocin activity determination, culture samples were centrifuged (13000 g, 

2 °C, 15 min) and heated to 95 °C for 5 min. Supernatants were either concentrated 

10 fold (volumetric) in a SpeedVac (Univapo 150 ECG, Uniequip, Martinsried bei 

Muenchen, Germany) or by lyophilisation (Virtis Genesis 25 SQ-EL, New York, NY, 

USA). Lyophilised samples were resuspended in 1/10 volume HPLC-grade water 

(ten-fold concentration) for further analysis. 

Bacteriocin activity was measured using agar diffusion and turbidometric assays. The 

agar diffusion assay was performed after the method described by Kheadr et al. 

(2004), with slight modifications. Briefly, 25 mL of tryptic soy soft agar was 

inoculated with 0.1 % of an overnight culture of L. ivanovii L28, for a final cell 

concentration of approx. 6x106 cfu mL-1, poured into a Petri plate and allowed to 

solidify. Wells (7 mm) were bored with a sterile metal borer and filled with 80 μL 

sample. The plates were left at 4 °C for 30 min and afterwards incubated overnight 

(16 h) at 30 °C. The diameter of the inhibition zone was recorded for each sample 

tested in duplicate.  

The turbidometric test was performed with a serial twofold dilution microtiter assay 

as described by Turcotte et al. (2004) with the following modifications: the 

microplate wells were inoculated with 50 μL of a L28-inoculum (1/10000 dilution of 

an overnight culture resulting in a final cell concentration of approx. 6x105 cfu mL-1) 

and incubated overnight (16 h) at 30 °C. The bacteriocin activity, expressed in 
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arbitrary units per mL (AU mL-1), was calculated from the highest dilution inhibiting 

L28 growth. The highest inhibiting dilution was determined visually by absence of 

growth. Each sample was analyzed in duplicate with two dilution series. 

 

3.3.9 Determination of glucose and organic acid concentrations 

 

The analysis of glucose and organic acid concentrations was done by HPLC with 10 

mM sulphuric acid (Fluka) as eluent on a Merck LaChrom HPLC equipped with a 

refractive index detector (Merck), and using an Aminex HPX-87H 300 mm x 7.8 mm 

column (BioRad, Hercules, USA). Samples were ten-fold diluted and filtered through 

a 0.45 μm filter prior analysis. All samples were analyzed in duplicate. 

 

3.3.10 Influence of organic acids on antimicrobial activity 

 

The contribution of organic acids to antimicrobial activity of culture samples was 

tested with a mixture of organic acids added in m-Perrin medium at the same 

concentrations as for the culture sample producing the highest inhibition with the agar 

diffusion test against L28 growth (11.8 g L-1 acetic acid, 4.4 g L-1 formic acid and 8.2 

g L-1 lactic acid). The samples were adjusted to pH 5.5, 6.0, 6.5 and 7.0 with 5 M 

NaOH or 5 M HCl. The solutions were 10 times concentrated with a SpeedVac prior 

use for the inhibition test as used for sample preparation for the bacteriocin activity 

test.  All tests were performed in triplicate. 

 

3.3.11 Statistics 

 

Statistical analyses were performed using SPSS software (SPSS release 14 for 

Windows, SPSS inc., Chicago, USA). Cell count, organic acid concentration and 

inhibition zone were transformed to their base 10 logarithm values for variance 

homogeneity. The pH and temperature effects on cell counts and organic acid 

production were tested with a univariate analysis of variance and a factorial ANOVA. 
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In case of significance, the Tukey’s and Bonferroni’s tests were performed as Post-

Hoc-test. Statistical models were evaluated for validity using Tukey-Anscombe plot 

and QQ-Plot for residual analysis. Since bacteriocin data obtained with the 2-fold 

serial dilution micromethod were discontinuous, they were not analyzed statistically. 

However, bacteriocin titres were highly reproducible and differed by no more than 

one well within three repetitions of analyses and culture experiments. 
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3.4 Results 

3.4.1 Comparison of cell growth in MRS-C and m-Perrin medium 

 

B. thermophilum RBL67 was grown in pH-controlled batch cultures in either MRS-C 

broth or Perrin medium at pH 6 and 40 °C for 24 h (Fig. 3-1). In preliminary tests in 

MRS-C it was shown that these conditions were optimal for growth of strain RBL67 

for both growth kinetics and maximum cell yield (data not shown). At pH 7 and 

40 °C, the cell count reached only 1.1x107 cfu mL-1 after 24 h whereas at pH 5 for the 

same temperature a very long lag-phase was observed for a maximum cell count of  

7.1x108 cfu mL-1. In both cases, cell aggregation was observed which may explains 

the low cell count. 

 

 
Fig.  3-1: Growth curves of RBL67 in MRS-C and Perrin media. Solid lines: log cfu mL-1; dashed 

lines: log OD600. ● RBL67 grown in MRS-C; ■ RBL67 grown in Perrin media. Means for duplicate 

experiments. 
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At pH 6 and 40 °C in MRS-C medium, RBL67 reached the stationary growth phase 

after 8 h, with a cell concentration of 1.5x109 cfu mL-1 which slightly increased to 

1.8x109 cfu mL-1 after 24 h. Since bacteriocin production is usually growth related 

[Bertrand et al., 2001], pH 6 and 40 °C were chosen for free cell cultures in m-Perrin 

medium.  

In m-Perrin medium, RBL67 exhibited a much longer lag phase of about 14 h 

followed by a rapid growth between 14 and 24 h culture (Fig. 3-1). However, the 

stationary growth phase was not yet started after 24 h but a maximum cell count of ca. 

3.7x108 cfu mL-1 was reached. With the agar diffusion assay, 10-fold concentrated 

supernatants of RBL67 grown in m-Perrin medium and MRS-C broth showed similar 

inhibitory activities after 24 h, with 11 mm and 10 mm inhibition diameters, 

respectively.  With the turbidimetric assay, the maximal antimicrobial activity after 24 

h was 64 AU mL-1 for both media. 

   

3.4.2 Repeated cycle batch fermentations in MRS-C broth and m-Perrin 
medium 

 

After production of the beads, they were colonized with four consecutive batch 

cultures in MRS-C at 40 °C and pH 6. The fermentation time decreased from 18 h for 

the first colonisation cycle to 45 min for the fourth cycle, whereas cell counts in beads 

increased significantly from 2.8±2.1x109 cfu g-1 beads after the first to 

1.3±0.5x1011 cfu g-1 beads after the fourth batch colonization cycle (pα<0.05, 

Fig. 3-2). On the other hand, free cell counts in the medium at the end of cycles did 

not change for the four colonization cycles (pα>0.05), with 2.1±1.8x109 cfu mL-1 at 

the end of the fourth cycle. During the subsequent four production cycles performed 

in m-Perrin medium with the same growth conditions, cell counts in beads and 

medium remained constant (pα>0.05), and were approx. 0.5 and 1 log lower than 

these measured after the 4th colonization cycle in MRS-C medium (Fig. 3.2). 
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Fig.  3-2: Viable cell counts in beads (bars) and liquid media (●) during four colonization steps in 

MRS-C (K1-K4) and four cycles of repeated batch fermentation in m-Perrin medium (RCB1-RCB4) at 

pH 6 and 40 °C. Mean and standard errors are from three experiments. 

  

3.4.3 Temperature and pH effects on cell growth and bacteriocin 
production in repeated cycle batch fermentations 

 

Various pH-temperature conditions were tested for bacteriocin production in m-Perrin 

medium using RCB fermentations. The fermentation times for each cycle at the tested 

pH-temperature combinations varied from approx. 2 h for pH 6.0 and 40 °C to 

approx. 4 h for pH 5.5 and 35 °C.  When beads were kept overnight at 4 °C in the 

storage solution, the fermentation time for the same cycle conditions almost doubled 

for all conditions tested (data not shown). 

Cell counts in beads remained stable during RCB cultures with different conditions 

with a mean value of 2.6±1.9x1010 cfu mL-1 (pα>0.05), with no statistical parameter 

effect detected by the factorial ANOVA. Therefore, a univariate analysis of variance 

was used. However, also with this statistical method, no significant differences for all 

pH and T tested could be determined. 
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The highest antimicrobial activity of 256 AU mL-1 tested against L. ivanovii HPB28 

with 10-fold concentrated supernatants was measured for cultures at pH 5.5 and 35 °C 

whereas a low activity of 64 AU mL-1 was measured at pH 7.0 for all tested 

temperatures (Fig. 3-3). The inhibition diameters were significantly affected by pH 

(pα<0.05) but not by temperature (pα>0.05). The largest inhibition zone against L28 

of concentrated supernatants of RCB fermentations was measured at pH 5.5 for all 

tested temperatures, with a mean value of 14.9±1.1 mm. At pH 6, an average 

inhibition zone of 11.3±0.9 was measured for all temperatures. At pH 6.5 and pH 7.0, 

the inhibition zones were similar with 9.7±1.2 mm and 9.4±0.9 mm, respectively.    

 

 
Fig.  3-3: Antimicrobial activity against L. ivanovii HPB28 determined by the turbidometric assay in 

10-fold concentrated supernatants from RCB fermentation at different pH-temperature combinations. 

Black bar: 35 °C; grey bar: 40 °C and white bar: 45 °C. 

 



Chapter 3 Repeated cycle batch fermentation for increased bacteriocin 

production 

Results 

 

73 

3.4.4 Organic acids production during RCB fermentations 

 

Concentrations of lactic, formic and acetic acids at the end of culture cycles were not 

affected by temperature (pα>0.05). The acetic and formic acid concentrations were 

significantly changed by pH, with highest values at pH 5.5, and no significant 

differences between pH 6.0, 6.5 and 7.0 (pα>0.05, Fig. 3-4).  

The antimicrobial activity of organic acids at the highest concentrations tested in 

culture samples (culture at pH 5.5) was tested in m-Perrin medium adjusted to pH 5.5, 

6.0, 6.5 and 7.0 using the agar well diffusion test and the turbidometric assay after 

ten-fold concentration. Only in the sample at pH 5.5, an inhibition zone of 11 mm in 

the agar well diffusion test was measured. No inhibition against L28 was detected 

using the agar well diffusion test for pH 6.0, 6.5 and 7.0 whereas an activity of 

64 AU mL-1 was measured in the turbidometric assay for all tested pH. It should be 

noted that the pH of all samples was increased to pH 7.1-7.6 after concentration, 

except for the sample adjusted to pH 5.5 for which the pH increased to 6.8.  

 
Fig.  3-4: Organic acid concentrations in RCB fermentations at different pH. Means and standard errors 

calculated for different fermentation temperatures at the given pH. ● Lactic acid; ■ Formic acid; 

▲Acetic acid. Mean and standard errors of three replicates. 
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3.4.5 Long-term storage of beads  

 

The stability of colonized beads was evaluated after storage at -80 °C in skim milk for 

four months. After three colonization steps in MRS-C for reactivation, 14 consecutive 

RCB cycles were performed in m-Perrin medium at pH 6.0 and 40 °C. 

During reactivation in MRS-C the cycle time decreased from 15 h to 2 h from first to 

third culture. After the first reactivation cycle, cell count in beads was 8.1x1010 cfu g-1 

beads and did not change during the next two colonisation steps (pα>0.05 ) (Fig. 3-5). 

During RCB in m-Perrin medium, cell count in beads decreased progressively from 

1.5x1010 cfu g-1 beads after the first cycle to 5.4x109 cfu g-1 beads after 10 cycles. 

However, the cycle time (2 h) and free cell counts remained stable for all reactivation 

and RCB cycles (Fig. 3-5).  

 
Fig.  3-5: Cell counts measured during colonization and consecutive RCB fermentations of B. 

thermophilum RBL67 at 40 °C and pH 6 after 4 month storage of beads at -80 °C in skim milk. Mean 

and standard errors are from two experiments. Gray bars: cell counts in beads; ▲: Free cell counts; K1-

K3: three colonization cycles; RCB2: 2nd RCB fermentation; RCB6: 6th RCB fermentation; RCB10: 

10th RCB fermentation; *: Only 1 experiment. 
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3.5 Discussion 

 

Only few reports are published on bacteriocin production from bifidobacteria 

[Collado et al., 2005b;  Gibson and Wang, 1994], although until now no such 

bacteriocin been purified, except for Bifidobacterium bifidum NCFB1454 [Yildirim 

and Johnson, 1998] which was later reidentified as Pediococcus sp. (I. Fliss, personal 

communication). One main limiting factor for the successful purification of 

bacteriocins in general and especially bacteriocins from bifidobacteria is the low 

activity production. Touré et al. (2003) isolated six Bifidobacterium strains which 

showed antilisterial activity related to a proteinaceous compound. They detected the 

activity only after ten-fold concentration of the supernatant indicating the low 

concentration of these bacteriocins. For the successful purification of the 

antimicrobial peptide, it was therefore essential to develop an optimized fermentation 

for high bacteriocin yield in a relatively simple medium for subsequent purification of 

the protein.  

Various fermentation technologies have been tested for bacteriocin production, 

especially for nisin which is still the only bacteriocin currently approved for use in 

food [Cotter et al., 2005]. Cell immobilization and continuous fermentation in high 

cell density bioreactor have been tested to increase bacteriocin production. However, 

the reported bacteriocin yields during continuous cultures with free or immobilized 

cells were lower than those obtained with pH-controlled free cell batch cultures 

[Desjardins et al., 2001;  Huang et al., 1996;  Sonomoto et al., 2000], although high 

cell concentrations were obtained in the immobilized cell reactors. Using continuous 

fermentation with free or immobilized cells, similar maximum nisin Z production 

(1325 and 1024 IU mL-1, respectively) was achieved for low dilution rates of 0.15 and 

0.25 h-1, respectively [Desjardins et al., 2001]. Bertrand et al. (2001) showed that 

using RCB cultures with immobilized Lactococcus lactis UL719 resulted in two-fold 

higher nisin Z yield and 13 times higher volumetric productivity, explained by the 

very short incubation time of 1 h to produce maximum activity, than for optimal pH-

controlled free cell batch cultures. These findings emphasize the importance of the 

batch mode and evolutionary conditions for high nisin production [Bertrand et al., 

2001].  
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In this study, cell immobilization and repeated cycle batch fermentations increased 

bacteriocin production for B. thermophilum RBL67 in m-Perrin medium compared to 

batch culture. Highest bacteriocin concentration in Perrin medium was achieved at pH 

5.5 and 35 °C, with 256 AU mL -1 (Fig. 3-3), which is four fold higher compared to free 

cell batch fermentation at optimal pH (6.0) and temperature (40 °C) in the same 

medium (after 24 h incubation). The volumetric productivity calculated for the 

productive period was 24 times higher for RCB culture (64 AU mL-1 h-1) than for free 

cell batch fermentation (2.6 AU mL-1 h-1). However, the highest volumetric 

productivity (80 AU mL-1 h-1) of RCB culture was measured at pH 6 and 40 °C for 

which incubation lasted only 2 h. This high yield and productivity of RCB culture can 

be explained by the high colonization of beads with 2.6±1.3x1010 cfu g-1 compared to 

maximum cells concentration measured at the end of batch cultures in the same m-

Perrin medium of 1.5x109 cfu mL-1.  

To our knowledge, this is the first study reporting bifidobacteria for bacteriocin 

production using immobilized cells. Cell immobilization has already been used to 

produce bifidobacteria at high cell density or with enhanced stress tolerance [Doleyres 

and Lacroix, 2005]. A high immobilized cell concentration of 6.8x1010 cfu g-1 beads 

was measured for B. longum during continuous culture in MRS supplemented with 

whey permeate [Doleyres et al., 2002a]. In this work, an even higher cell 

concentration in beads was reached with RBL67 (1.3±0.5x1011 cfu g-1 beads) after 

four colonization steps in MRS-C at pH 6 and 40 °C (Fig. 3-2). During RCB 

fermentations in Perrin medium, cell counts in beads decreased after the first cycle 

compared to that measured after colonization in MRS-C, and free cell counts was 

about 1 log lower than in MRS-C medium. These data suggest that growth factors are 

lacking in m-Perrin medium. 

It is known that for some bacteriocins, stress increases production [Neysens et al., 

2003], and a low pH can be a stress condition for bifidobacteria. This was also shown 

in our study since the highest bacteriocin titer was measured at pH 5.5 which also 

corresponded to the highest organic acid production (Fig. 5-4). The pH adjusted m-

Perrin medium added with the same high organic acid concentrations did not show 

any inhibition zone in the agar well diffusion assay after 10 times concentration, 

except for pH 5.5, and produced an activity of 64 AU mL-1 for all tested pH with the 

micromethod.  
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The condition of pH 6 and 40 °C was therefore selected for the stability study since it 

permitted to perform 3-4 cycles over one day with both high bacteriocin production 

and lower organic acids concentration than at pH 5.5, and no interference of organic 

acid production with the bacteriocin activity test. 

A good stability of RCB fermentations with RBL67 was shown during four 

consecutive cycles for cell counts in the beads and liquid media and bacteriocin titers. 

After storage of the beads for 4 months in skim milk at -80 °C, only one reactivation 

cycle was required to increase immobilized cell count to levels measured before 

storage. Following reactivation in MRS-C, 14 consecutive cycles in Perrin medium 

were performed. A good stability was shown for free cell counts in liquid medium 

although cell counts in the beads decreased with the number of cycles. However, 

fermentation time until base consumption stopped did not change indicating stable 

metabolic activity during all cycles.  

 



Chapter 3 Repeated cycle batch fermentation for increased bacteriocin 

production 

Conclusions 

 

78 

3.6 Conclusions 

 

RCB culture with immobilized cells of B. thermophilum RBL67 was used 

successfully to enhance production and volumetric productivity of the bacteriocin. 

This study confirmed the findings by Bertrand et al. (2001) for RCB cultures as a 

stable system for bacteriocin fermentation. We also showed that this system can be 

used after storage of the colonized beads without loss of metabolic activity of the 

cells, with cost and time savings by avoiding repeated preparation of inoculum and 

bioreactor. The m-Perrin medium was successfully used as a complex, low-protein 

medium for bacteriocin production for easier purification. The m-Perrin medium 

could facilitate the downstream processing of the target peptide, avoiding high peptide 

contamination from the growth medium. 
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4 Partial purification of thermophilicin B67, a 
bacteriocin produced by Bifidobacterium 
thermophilum RBL67 

 

 

4.1 Summary 

 

Bifidobacterium thermophilum RBL67 produces a proteinaceous, antilisterial 

compound in low amount, named thermophilicin B67. This antimicrobial peptide was 

heat-stable and active over an unusually wide pH range from pH 2 to 10. The crude 

preparation was sensitive to proteinase K, pronase E and trypsin confirming its 

proteinaceous properties, and showed a narrow inhibition spectrum against three 

Listeria sp. and Lactobacillus acidophilus. The inhibition of L. monocytogenes 

strains, which are food-borne pathogens, is an interesting property for food use, 

whereas the inhibition of L. acidophilus may be directly related to competition in the 

ecological niche of the human gastrointestinal tract. High activity production was 

performed in semi-defined Perrin-medium at 40 °C and pH 6 using repeated cycle 

batch fermentations with immobilized cells. The peptide was then partially purified 

using methanol-acetone extraction followed by reversed phase HPLC with an 

acetonitrile gradient. The partially purified thermophilicin B67 was extremely 

hydrophobic making further purification difficult. SDS-PAGE of methanol-acetone 

extract and active fractions after HPLC only revealed one weak band at approx. 5 kDa 

which was not active, may be due to the low concentration of the peptide. MALDI-

TOF analyses confirmed the molecular size detected by SDS-PAGE, with two peaks 

detected at 5381.6 Da and 5796.8 Da. This study showed that RBL67 produces a 

bacteriocin which has an unusual purification behaviour and probably also a different 

structure than classical bacteriocins. 
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4.2 Introduction 

 

Selection and production of microorganisms for use as starter cultures, probiotics or 

protective cultures is an important topic for food biotechnology. The application aim 

is to improve process control as well as quality, safety and consistency of 

bioprocessed products [Deraz et al., 2005]. The interest in probiotics and protective 

cultures has constantly developed over the past few years and become important for 

food biotechnology [Nes and Johnsborg, 2004;  Parvez et al., 2006]. A widely 

accepted definition for probiotics was proposed by the World Health Organisation and 

the Food and Agriculture Organisation of the United Nations (FAO/WHO 2001): 

“Probiotics are live microorganisms which when administered in adequate amounts 

confer a health benefit on the host” [Leahy et al., 2005].   One of the beneficial effects 

of probiotics can be the production of bacteriocins, a class of antimicrobial substances 

active against pathogenic Gram-positive bacteria [Klaenhammer and Kullen, 1999]. 

The use of protective cultures and specifically bacteriocinogenic strains to prevent 

growth of pathogenic bacteria is expected to grow as an alternative in preservation 

technology due to the demand of consumers for natural foods with low levels or no 

chemical preservatives and milder treatment [Nes and Johnsborg, 2004].  

A wide range of bacteriocins have already been purified and characterized. Most 

works have been done with bacteriocins from lactic acid bacteria (LAB) which have 

GRAS status and are traditionally used in fermented foods [Klaenhammer, 1993]. 

Bacteriocins are proteinaceous antimicrobial compounds usually inhibiting species 

closely related to the producer strain [Klaenhammer, 1993;  Tagg et al., 1976]. Some 

bacteriocins, however, inhibit food-related pathogens making them interesting for 

food preservation [Rodriguez et al., 2002;  Tahiri et al., 2004]. Based on their 

molecular mass, heat stability and primary organization, the LAB bacteriocins have 

been divided into four classes [Klaenhammer, 1993]. However, recently, Cotter et al. 

(2005) suggested a reclassification with only three classes since there is no real proof 

for class IV bacteriocins until now. Class IIa bacteriocins (pediocin-like bacteriocins) 

is an interesting group of antimicrobial peptides produced by LAB. Class II 

bacteriocins are described as listericidal, small (< 10 kDa), heat-stable, unmodified 

peptides of 37 (leucocin A and mesenterocin Y105) to 48 (carnobacteriocin B2 and 

enterocin SE-K4) amino acids, with a net positive charge [Drider et al., 2006]. 
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However, currently the only bacteriocin approved for food use, nisin, belongs to class 

I bacteriocins (lanthibiotics).  

Most of the currently described bacteriocins are produced by lactic acid bacteria due 

to their importance for food fermentation. There are only few studies on bacteriocins 

from high G+C bacteria, some of them related to pathogens [Motta and Brandelli, 

2002;  Van der Merwe et al., 2004;  Zhang et al., 2003]. A lanthibiotic gene cluster 

was cloned and sequenced from Streptomyces cinnamoneus cinnamoneus DSM40005 

[Widdick et al., 2003]. Tauch et al. (2005) sequenced the genome and bacteriocin-

encoding plasmid pKW4 of Corynebacterium jeikeium K411, another high G+C 

bacterium. They found that the gene coding for the bacteriocin had low G+C content 

and assumed that it was acquired by gene transfer. Bifidobacteria also belong to the 

high G+C bacteria but up to now, no bacteriocin from bifidobacteria has been purified 

and sequenced except for bifidocin B produced by Bifidobacterium bifidum NCFB 

1454 [Yildirim et al., 1999]. The strain was later identified as a Pediococcus sp. (I. 

Fliss, personal communication) and the strain is not available anymore in the NCFB 

strain collection. 

Bifidobacteria are anaerobic, Gram-positive bacteria forming irregular rods. They are 

heterofermentative, non-motile, non-spore forming and growing in pleomorphic rods 

or in many cell chains or clumps. Bifidobacteria are catalase-negative and have a high 

G+C-content ranging from 55-67 mol-% which differentiates them from LAB 

[Biavati and Mattarelli, 2005]. Up to now, more than 30 species have been assigned to 

the genus Bifidobacterium [Klijn et al., 2005;  Leahy et al., 2005]. They have been 

isolated from various sources, amongst others from human gut flora, and are still 

considered as one of the predominant genera in the human gastrointestinal (GI) tract 

[Falk et al., 1998]. This predominance in the human GI tract makes them interesting 

as probiotics whereas several health effects have been assigned to bifidobacteria 

[Leahy et al., 2005].  

One positive effect of bifidobacteria in the human GI tract could be the production of 

antimicrobial compounds other than organic acids, such as bacteriocins. Meghrous et 

al. (1990) have been the first to describe antimicrobial compounds produced by 

bifidobacteria which were inhibited by proteinase treatment. Later, Gibson and Wang 

(1994) partially purified an antimicrobial proteinaceous compound produced by 

B. infantis but did not determine its amino acid sequence. The only bacteriocin 
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originally described from bifidobacteria, bifidocin B from Bifidobacterium bifidum 

NCFB 1454 [Yildirim et al., 1999], is likely a pediocin as the strain was later 

identified as Pediococcus sp. Recently, antimicrobial compounds from several 

bifidobacteria strains isolated from faeces have been shown to have proteinase-

sensitive antimicrobial effects against Gram-positive and Gram-negative bacteria, 

including pathogens [Collado et al., 2005b]. However, the authors neither purified nor 

determined the amino acid sequence of the peptides, which is the ultimate proof for a 

bacteriocin peptide.  

Touré et al. (2003) isolated 34 Bifidobacterium from baby faeces among which six 

showed activity towards Listeria monocytogenes. The activities were heat-stable and 

sensitive to proteinase treatment but were produced in very low amounts. One of these 

strains, RBL67, identified as B. thermophilum RBL67 [von Ah et al., 2006],  was 

selected for bacteriocin purification because it showed highest antilisterial activity 

among the six strains. In this study, the partial purification of this novel bacteriocin 

named thermophilicin B67 and some of its characteristics are described. 
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4.3 Material and methods 

4.3.1 Bacterial culture and media 

 

The producer strain, B. thermophilum RBL67 [Touré et al., 2003;  von Ah et al., 

2006] (termed RBL67) and the indicator strain Listeria ivanovii HPB28 (Health 

Protection Branch, Health and Welfare, Ottawa, ON, Canada ) (termed L28) were 

from our strain collection. They were kept at -80 °C in their respective growth 

medium (see below) supplemented with 30 % glycerol (Fluka, Buchs, Switzerland). 

RBL67 was propagated five times overnight (1 % inoculum, 16 h) in MRS broth 

(Biolife, Milano, Italy) supplemented with 0.05 % (w/v) L-cysteine hydrochloride 

(Fluka) (termed MRS-C) prior further use. L28 was cultivated in 30 g l-1 tryptic soy 

broth (Difco, Basel, Switzerland) supplemented with 0.06 % (w/v) yeast extract 

(Merck Fermtech, Darmstadt, Germany) and 0.02 % (w/v) sodium bicarbonate 

(Fluka) (termed TSYB). Soft agar used for the agar diffusion test was prepared by 

adding 0.75 % granulated agar (Difco) to TSYB. Strains used for the inhibition 

spectra and their corresponding growth media are listed in table 4-2. 

 

4.3.2 Medium for bacteriocin production 

 

For the production of the bacteriocin from RBL67, a low-protein containing medium 

after Perrin et al. (2001) was used. This medium (m-Perrin-medium) was modified by 

using yeast extract instead of casein enzymatic hydrolysate (N-Z-Case). One liter of 

medium base was prepared as follows: 41.5 g CH3CO2Na.H2O, 2.5 g K2HPO4, 5 g 

yeast extract (Fermtech), 0.5 g cysteine-HCl and 10 ml of salt solution were added to 

880 ml bidistilled water. The salt solution consisted of (100 ml): 100 mg NaCl, 100 

mg FeSO4.7H2O, 2 g MgSO4.7H2O, 51 mg MnSO4.H2O, 100 mg adenine, 100 mg 

guanine, 100 mg uracil, 100 mg xanthine, 2 g L-alanine, 1 g L-asparagine and 2 g DL-

tryptophan. The vitamin solution contained (for 100 ml): 10 mg p-aminobenzoic acid, 

11 mg folic acid.2H2O, 4 mg d-biotin, 400 mg Ca-pantothenate, 1.2 g pyridoxine-

hydrochloride, 200 mg riboflavin and 200 mg thiamine-hydrochloride. The vitamin 

solutions were filter sterilized prior to use. The medium base was sterilized at 121 °C 
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for 15 min. After cooling, 1 ml vitamin solution, 10 ml filter sterilized ascorbic acid 

solution (100 g l-1) and 100 ml sterilized glucose solution (200 g l-1) were added. All 

chemicals were from Fluka except where otherwise stated. 

 

4.3.3 Immobilization of B. thermophilum RBL67 

 

The inoculum of B. thermophilum RBL67 used for immobilization was prepared in 

100 mL MRS-C and incubated overnight without pH-control. The cell pellet was 

recovered by centrifugation (13000 g, 2 °C, 15 min; Avanti J-251 centrifuge, 

Beckman, Fullerton, USA) and resuspended in 10 ml peptone water (1 % (w/v) 

peptone from meat pancreatically digested (Merck), 0.85 % (w/v) NaCl and 0.05 % 

(w/v) L-cysteine-hydrochloride, adjusted to pH 6 and sterilized at 121 °C for 15 min). 

RBL67 cells were immobilized in 0.5-2 mm beads made of gellan and xanthan gum 

and sodium citrate (2.5 %, 0.25 % and 0.02 % (w/v), respectively (Fluka), autoclaved 

at 121 °C for 15 min) using the method described by Cinquin et al. (2004). The 

RBL67 culture was then inoculated at 46 °C by mixing the resuspended cells with 500 

ml sterile polymer solution. The inoculated polymer solution was then gently pored 

into 1 l of sterile rape oil (local supermarket) at 46 °C under mixing and the formed 

polymer in oil emulsion was slowly cooled below 30 °C with stirring with a magnetic 

bar at 180 rpm to initiate gelling of the polymer droplets. Sterile 0.1 M CaCl2 (Fluka) 

was added afterwards and the beads were hardened during 30 min with stirring at 

180 rpm. Beads in the diameter range from 0.5 mm to 1 mm were collected by wet 

sieving and thoroughly washed with sterile 0.1 M CaCl2. All steps were done under 

sterile conditions. 

 

4.3.4 Immobilized cell fermentations 

 

Immobilized cell fermentations were performed using the method described by 

Bertrand et al. (2001) for repeated cycle batch fermentations and presented in chapter 

3. Shortly, the inoculated beads were colonized in four consecutive cycles in MRS-C 

at pH 6 and 40 °C with stirring at 150 rpm. Each cycle was stopped when base 



Chapter 4 Partial purification of thermophilicin B67 Material and methods 

 

85 

consumption was nil for at least 20 min, i. e. after 16 h for the first cycle and 2 h for 

each of the three consecutive cycles.  

The colonized beads were transferred in Perrin medium and fermentation was 

performed with the same conditions as described above for colonization. Each 

production cycle was harvested when base consumption stopped for at least 20 min (i. 

e. after 2 h fermentation time). 

 

4.3.5 Partial bacteriocin purification 

 

The fermentation medium of four consecutive cycles was centrifuged (13000 x g, 

2 °C, 15 min Avanti J-251 centrifuge, Beckman, USA) and was pooled for 

purification (pooled SN). The pooled SN was then heated to 95 °C for 5 min and then 

further purified using the protocol of Gibson and Wang (1994). Shortly, the pooled 

SN was freeze-dried (Virtis Genesis 25 SQ-EL, New York, NY, USA) and subjected 

to three time extraction in 1/10th of the starting volume of HPLC-grade methanol 

(Mallinckrodt Baker, HPLC gradient-grade, Deventer, Holland). Prior methanol-

extraction, an accurately weighed freeze-dried sample was resuspended in 1/10th of 

the starting volume. This 10 times concentrated sample from the pooled SN was used 

to measure antimicrobial activity and protein content. After methanol-extraction,  

methanol was removed by rotary evaporation (Rotavapor R-144, Büchi, Flawil, 

Switzerland). The remaining dried oily and viscous residue was then three times 

extracted in the same volume of HPLC-grade acetone (> 99.7 %, Fluka) as previously 

done for methanol extraction. Acetone was then removed by rotary evaporation till an 

oily, yellow residue remained. This residue was then resolubilized with  HPLC-grade 

water to produce the methanol-acetone-extract. This methanol-acetone extract was 

then diluted 1:1 with HPLC-grade water and a volume of 5 ml was then analyzed with 

semi-preparative HPLC using a C18 column (Luna C18(2), 250x10 mm, 5 μm, 

Phenomenex, Aschaffenburg, Germany) with a DAD detector (Merck, Darmstadt, 

Germany). Peaks were recorded at 280 nm. Runs were performed at a flow rate of 

2 ml min-1 using the following water (A)-acetonitrile (C) (Sigma-Aldrich, Buchs, 

Switzerland) gradient: 0-20 min 10 % C; 20-21 min 10-35 % C; 21-50 min 35-45 % 

C; 50-51 min 45-100 % C; 51-65 min 100 % C; 65-67 min 100 %-10 % C; 67-75 min 

10 % C. Fractions (2 ml) were collected every minute, freeze dried and resuspended 



Chapter 4 Partial purification of thermophilicin B67 Material and methods 

 

86 

in 200 μl of HPLC-grade water. Active fractions were pooled and 200 μl of the 

pooled fractions were injected on an analytical column (Luna C18(2), 250x4.6 mm, 

5 μm, Phenomenex) at a flow rate of 1 ml min-1 using a the following water (A) - 

acetonitrile (C) gradient: 0-15 min 10 % C; 15-55 min 10 %- 45 % C; 55-57 min 45-

100 % C; 57-72 min 100 % C; 72-75 min 100 % - 10 % C; 75-80 min 10 % C.  

Fractions were collected every minute and treated as described above. Pooled active 

fractions were re-injected on the same column with the following water (A) – 

acetonitrile (C) gradient at a flow rate of 1 ml min-1: 0-10 min 100 % A; 10-40 min 

0%- 20 % C; 40 min-55 min 20 % -100 % C; 55-65 min 100 % C; 65-70 min 100% -

0% C; 70-75 min 100 % A. 

 

4.3.6 SDS-PAGE 

 

SDS-PAGE was performed using 10-20 % tris-tricine peptide gel with 1 mm 

thickness (Criterion PreCast Gel, Bio-Rad, Hercules, CA, USA) according to the 

manufacturer’s manual. Two gels were run at the same time for 105 min at 125 V. A 

45 μl sample of an active fraction after HPLC was mixed with 45 μl loading buffer 

(tricine sample buffer (Bio-Rad) with 284 mM β-mercaptoethanol (Fluka) and heated 

for 5 min at 95 °C. Molecular mass standards from Bio-Rad (26626-1423 Da, diluted 

1:99 in loading dye resulting in approx. 9 μg protein per band) were used. The gel 

was run in Tris/Tricine/SDS buffer (Bio-Rad 161-0744) at 125 V for 75 min as 

recommended by the manufacturer. One gel was stained with silver stain (Amersham 

Biosciences, Uppsala, Sweden) according to manufacturer’s instructions whereas the 

other was subjected to activity staining as described by Bhunia et al. (1988). 

 

4.3.7 Sensitivity of bacteriocin activity to pH 

 

Sensitivity to pH was tested using a sample after methanol-acetone-extraction 

dissolved 1:1 in 50 mM buffer for the tested pH. The buffers and tested pH are shown 

in table 4-1. The samples were incubated 3.5 h at 4 °C or at room temperature prior 

testing the residual activity with agar well diffusion assay. Tests were performed 

qualitatively in duplicate. Buffers alone and water were used as control. 
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4.3.8 Bacteriocin activity assay 

 

Prior to determination of bacteriocin activity, culture samples were centrifuged 

(13000 g, 2 °C, 15 min) and heated to 95 °C for 5 min. Supernatants were either 

concentrated 10 fold in a SpeedVac (Univapo 150 ECG, Uniequip, Martinsried bei 

Muenchen, Germany) or by lyophilisation (Virtis Genesis 25 SQ-EL). Lyophilised 

samples were resuspended in 1/10 volume HPLC-grade water for further analysis. 

Bacteriocin activity was measured using agar diffusion and turbidometric assays. The 

agar diffusion assay was performed with the method described by Kheadr et al. 

(2004), with slight modifications. Shortly, 25 mL of tryptic soy soft agar was 

inoculated with 0.1 % of an overnight culture of L. ivanovii L28, resulting in a final 

concentration of approx. 6x106 cfu mL-1, poured into a Petri plate and allowed to 

solidify. Wells (7 mm) were bored with a sterile metal borer and filled with 80 μL of 

sample. The plates were left at 4 °C for 30 min and afterwards incubated overnight 

(16 h) at 30 °C. The diameter of the inhibition zone was recorded for each sample in 

duplicate.  

The turbidometric test with serial twofold dilutions was performed as described by 

Turcotte et al. (2004) with the following modifications. The microplate wells were 

inoculated with 50 μL of a L28-inoculum (0.01 % overnight culture resulting in a 

final inoculum concentration of approx. 6x105 cfu mL-1) and incubated overnight (16 

h) at 30 °C. The bacteriocin activity, expressed in arbitrary units per mL (AU mL-1), 

was calculated from the highest dilution inhibiting L28, determined visually by a clear 

inhibition compared to the positive control. Two serial dilutions were measured for 

each sample repetition. 

 

4.3.9 Determination of antimicrobial inhibition spectrum 

 

The inhibitory activity of thermophilicin B67 was determined using ten-fold 

concentrated (rotary evaporation) supernatants against bacteria listed in table 4-2. The 

tests were performed with the agar well diffusion assay as described above for L. 

ivanovii HPB28, but with the respective growth medium and temperature for each 

strain as shown in table 4-2. All tests were performed in duplicate. 
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4.3.10 Protein determination 

 

Protein determination was performed using the Bradford Assay (Coomassie Plus, 

Pierce USA) according to the manufacturer’s manual. 

 

4.3.11 Amino acid sequence determination 

 

Amino acid sequence determination was performed externally at the Functional 

Genomics Centre (University of Zurich, Zurich, Switzerland) using N-terminal 

Edman degradation with an Applied Biosystems Procise 492cLC equipment (Applied 

Biosystems, Foster City CA, USA). 

 

4.3.12 Molecular mass determination 

 

Molecular mass determination of the peptide was performed externally at the 

Functional Genomics Centre (University of Zurich) using MALDI-TOF with a Bruker 

Ultraflex II TOF-TOF equipment (Bruker Daltonik GmbH, Bremen, Germany). The 

freeze dried active fraction was resolubilized using the following protocol: 5 μl of 

50% formic acid, 25 % acetonitrile and 0.1 % trifluoroacetic acid were added to the 

sample and mixed on a Vortex followed by addition of 5 μl 100% acetonitrile and 0.1 

% trifluoroacetic acid to the sample and mixing, and finally, addition of 5 μl 0.1 % 

trifluoroacetic acid and mixing. Two μl of the sample were afterwards mixed with 1 

μl of the matrix (5 mg/ml α-cyano-4-hydroxycinnamic acid in 50 % acetonitrile and 

0.1 % trifluoroacetic acid) and transferred to the target. 
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4.4 Results 

4.4.1 Stability of thermophilicin B67 produced by Bifidobacterium 
thermophilum RBL67 

 

Thermophilicin B67 was stable after boiling at 100 °C for 5 min and sensitive to the 

activity of pronase E, proteinase K and trypsin. The bacteriocin remained stable over 

the tested pH range from pH 2-10 (table 4-1). The tests were performed only 

qualitatively because not the same buffer was used for each pH. The controls, water 

and buffers alone, did not inhibit L. ivanovii HPB28. The storage stability of 

thermophilicin B67 was not evaluated quantitatively. However, the supernatant 

remained active for at least 2 weeks at 4 °C and the methanol-acetone extract retained 

activity for one month storage at 4 °C.  Fractions after HPLC lost all activity after 3 

days. 

 
Table 4-1: Inhibitory effect of pH-adjusted methanol-acetone extract of thermophilicin B67 on L. 

ivanovii HPB28 after incubation of the samples for 3.5 h at 4 °C or room temperature, respectively. 

Inhibitory effect of pH adjusted extract on  

L. ivanoviib 

pH Buffer used for pH adjustmenta 

4 °C 
4 °C 

no extract 
RTc 

RTc  

no extract 

2 Phosphate buffer + - + - 

3 Phosphate buffer + - + - 

4 Acetate buffer + - + - 

5 Acetate buffer + - + - 

6 Bis-Tris buffer + - + - 

7 Phosphate buffer + - + - 

8 Phosphate buffer + - + - 

9 Tricine buffer + - + - 

10 Ethanolamine + - + - 
a all chemicals from Fluka, Buchs, Switzerland 
b incubated for 3.5 h at the indicated temperature prior activity test; Quantitatively tested: + inhibition; - 

no inhibition 
c RT: room temperature 
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4.4.2 Spectrum of inhibitory activity 

 

Table 4-2 shows the inhibitory activity of thermophilicin B67 on different bacteria as 

determined by the agar well diffusion assay using ten-fold concentrated supernatant of 

B. thermophilum RBL67.  

 
Table  4-2: Sensitivity of bacterial strains to thermophilicin B67 (ten-fold concentrated culture 

supernatant) produced by B. thermophilum RBL67 using the well diffusion assay. 

Indicator strain Growth condition Sensitivityb 

Salmonella typhimurium P23 ATCC14028 Nutrient Agar, 37 °C - 

Micrococcus luteus ATCC272 Nutrient Agar, 37 °C - 

Listeria monocytogenes A, O type 3 TSYB, 30 °C - 

Lactobacillus acidophilus DSM20079T MRS, 37 °C +  (13) 

Lactobacillus casei DSM20011t MRS, 37 °C - 

Lactobacillus bulgaricus DSM20081T MRS, 37 °C - 

Lactobacillus plantarum DSM20174T MRS, 37 °C - 

Listeria ivanovii HPB28 TSYB, 30 °C + (11) 

Listeria innocua  DSM20649 TSYB, 30 °C + (10) 

Enterococcus faecium BHI, 37 °C - 

Listeria monocytogenes LSD 332a TSB, 30 °C + 

Listeria monocytogenes LSD 336 a TSB, 30 °C + 

Listeria monocytogenes LSD 339 a TSB, 30 °C + 

Listeria monocytogenes LSD 340 a TSB, 30 °C + 

Listeria monocytogenes LSD 341 a TSB, 30 °C + 

Listeria monocytogenes LSD 349 a TSB, 30 °C + 
a LSD: Laboratory Services Division Canadian Food Inspection Agency (Ottawa, Canada), data by 

Touré et al. (2003) 
b + inhibition (mm diameter inhibition);  - no inhibition. 

 

Most of Listeria strains tested were sensitive to thermophilicin B67. L. ivanovii 

HPB28 and L. innocua DSM20649 were inhibited similarly but the inhibition for 

L. innocua could be related to the organic acids produced by B. thermophilum RBL67 

(data not shown). 

Two Listeria sp., L. monocytogenes a, O type 3 and L. welshimeri ATCC35897, were 

not inhibited by thermophilicin B67 in the test conditions. Lactobacillus  acidophilus 

DSM20079T was sensitive to thermophilicin B67 with an inhibition diameter of 13 

mm. All other tested Lactobacillus sp. were not inhibited. 
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4.4.3 Partial purification of thermophilicin B67 

 

Partial purification of thermophilicin B67 was performed after lyophilization of the 

culture supernatant using a two step methanol-acetone extraction (Table 4-3) followed 

by HPLC separation on a C18 reversed phase column. No activity loss was measured 

after lyophilization. During methanol and acetone extraction, approximately 1/3 of the 

initial activity was recovered in the supernatant whereas no activity was measured in 

the pellet fraction which was discarded. 

 
Table 4-3: Partial purification of thermophilicin B67 produced by B. thermophilum RBL67 in Perrin-

medium. 

Purification 

stage 

Vol. 

(ml) 

Activity 

(AU ml-1) 

Total 

Activity 

(AU) 

Protein 

(mg ml-1 ) 

Total 

protein 

(mg) 

Specific 

activityb 

(AU mg-1) 

Purifica

tion 

factorc 

Recovery 

(%) 

Supernatant 2170 8 17360 0.065 141.1 123 1.0 100 

Fraction         

I.Resuspended

freeze dried 

supernatanta 

217 64 17344 0.532 115.4 120 1.0 99.9 

II. Methanol- 

acetone 

extract  

7 853 5971 0.416 2.912 2051 16.7 34.4 

a Ten fold concentration of the start-up supernatant. 
b Specific activity: activity per mg protein in the sample. 
c  Purification factor: specific activity of sample/specific activity of supernatant 
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Fig.  4-1: HPLC profile of the culture supernatant of B. thermophilum RBL67 after methanol-acetone-

extraction using a water-acetonitrile gradient at a flow rate of 2 ml min-1 measured at 280 nm. Fractions 

were collected every minute. The arrow indicates the active fractions. 

 

After methanol-acetone extraction, the extract showed high activity with a large 

inhibition zone (27±3 mm) in the agar well diffusion assay against L. ivanovii HPB28 

(Fig. 4-4A) and a high activity of 853 AU ml-1 in the microtiter plate assay. The 

specific activity in the methanol-acetone extract was approx. 17-fold higher than in 

the supernatant and the freeze dried supernatant (table 4-3).  

The active extract was then loaded to a semi-preparative C18 reversed phase column. 

The activity was eluted in three consecutive 2 ml fractions at an acetonitrile 

concentration of 38 % (Fig. 4-1). After freeze drying and re-dissolving in 200 μl 

HPLC-grade water, the most active fraction produced an inhibition zone of 18±3 mm 

in the agar well diffusion assay (Fig. 4-4B, fraction 31). The three fractions were 

pooled and then on an analytical C18 reversed phase column where the active fraction 

was eluted after 13 min at an acetonitrile concentration of 10 % (Fig. 4-2). 
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Fig.  4-2: Chromatogram of the first analytical RP-HPLC run of the active fraction collected after 

semi-preparative HPLC. Absorbance was measured at 280 nm and fractions were collected every 

minute. The arrow indicates the peak with activity against L. ivanovii HPB28. 

 

The active fraction after 13 min elution time was then re-injected on the same column 

but with a modified gradient resulting in the peak shown in Fig. 4-3. The single active 

peak from the first analytical run produced a large and two small peaks during the 

second injection. However, none of the peaks showed activity with the agar well 

diffusion test after tenfold concentration. 

 

 
Fig.  4-3: Chromatogram of the active peak from the first analytical RP-HPLC run re-injected on the 

same column but with a modified gradient. Flow rate was 1 ml min-1 and absorbance was measured at 

280 nm. Fractions were collected every minute. No activity was detected anymore in any fraction. The 

arrow indicates the collected peak for MALDI-TOF analysis.  
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Fig.  4-4: Inhibition zone of thermophilicin B67 A: after methanol-acetone extraction; B: tenfold 

concentrated active fractions after semi-preparative reversed phase HPLC. Numbers represent 

fractions. 

 

The largest peak was collected and analyzed with MALDI-TOF which detected two 

peaks of 5381.6 Da and at 5796.8 Da.  

For the determination of the amino acid sequence, the same detected peaks as used for 

MALDI-TOF analysis were subjected to N-terminal amino acid sequencing using 

Edman degradation. Two runs were performed but both runs failed to determine the 

sequence. In the first run, Edman degradation failed to detect any amino acid. The 

second run detected 5 amino acid positions but for each position, 4 possible amino 

acids were suggested which did not allow the determination of the N-terminal 

sequence. 

 

4.4.4 SDS-PAGE of thermophilicin B67 

 

Fig. 4-5 shows a SDS-gel of samples at different purification steps from the 

supernatant to the active fraction of the semi-preparative HPLC with C18 column. It 

was not possible to load a methanol-acetone extract of thermophilicin B67 since the 

sample did not migrate in the gel and remained in the well. The culture supernatant 

did not show many proteins (Fig. 4-5, lane 1). As expected, the band intensity were 

increased after freeze-drying of the supernatant (Fig. 4-5, lane 2). The active fraction 

after semi-preparative RP-HPLC only revealed one broad band at approx. 5 kDa (Fig. 

4-5, lane 3). The first injection on an analytical RP-HPLC column of the same 

fraction revealed more than one peak indicating that more than one peptide was 

present (Fig. 4-2). The active peak shown in Fig. 2 revealed a very weak band at 

approx. 5 kDa (Fig. 4-5, lane 4). The lower two bands of the ladder were not 

detectable which could be related to the gel used and their migration with or prior the 

dye front. The activity test with the gel did not reveal any activity. 
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Fig.  4-5: SDS-PAGE of: Lane L: Size ladder; Lane 1: Supernatant of B. thermophilum RBL67; Lane 

2: Freeze dried supernatant of RBL67; Lane 3: Active fraction 29 after semi-preparative RP-HPLC; 

Lane 4: Fraction 13 after analytical RP-HPLC, the arrow marks the detected band.
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4.5 Discussion 

 

In this study, the bacteriocin thermophilicin B67 produced by B. thermophilum 

RBL67, has been partially purified and characterized. Thermophilicin B67 was 

produced at very low level and the determination of activity was difficult. Production 

with optimal fermentation conditions was essential for a successful purification 

strategy. To achieve this, the same strategy with repeated cycle batch cultures with 

immobilized cells was used as described for nisin Z by Bertrand et al. (2001). In the 

previous chapter, we showed that thermophilicin B67 production was increased 

during repeated cycle batch (RCB) fermentations compared to pH controlled batch 

cultures with optimal conditions (chapter 3). To increase bacteriocin concentration in 

the supernatant we used repeated cycle fermentations with a cycle time of 2 h, as 

described for nisin [Bertrand et al., 2001]. Compared to free cell cultures, the 

production could be increased by a factor of 30 in a comparable fermentation time of 

24 h (chapter 3). Another advantage this system was the long term stability and the 

possibility to reuse the colonized beads. The use of a defined medium with low 

protein content limited the contamination with foreign proteins during the purification 

process. This technique was therefore used in this study for thermophilicin B67 

production used for further purification. 

The methanol-acetone extract of thermophilicin B67 was heat-stable and active over a 

broad pH range (pH 2-10). Thermophilicin B67 had a narrow inhibition spectrum 

which, however, was not limited to one genus,  in agreement with the definition of 

Klaenhammer (1993) for bacteriocins. Due to the low level of production, it is 

difficult to say whether more strains are sensitive to thermophilicin B67. This should 

be done after the crude bacteriocin is purified. The inhibitory activity of 

thermophilicin B67 was mainly shown against Listeria sp.,  with 2 out of 3 strains 

inhibited, confirming the results of Touré et al. (2003) with L. monocytogenes. The 

stability of thermophilicin B67 against heat and proteinase treatments was previously 

tested by Touré et al. (2003). 

Bifidobacterium sp. belongs to the high G+C bacteria which contain more than 50 

mol-% G+C in their DNA base composition [Stackebrandt et al., 1997]. Within this 

group there have been only few reports on bacteriocins, some of them produced by 

pathogens [Motta and Brandelli, 2002;  Tauch et al., 2005;  Van der Merwe et al., 
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2004]. The bacteriocin gene in Corynebacterium jeikeium K411 may be even acquired 

through gene transfer as suggested by its sequence with a low G+C content [Tauch et 

al., 2005]. Bifidocin B described by Yildirim et al. (1999) has later been assigned to a 

Pediococcus sp. (I. Fliss, personal communication). In the past few years, there have 

been reports suggesting bacteriocin production by bifidobacteria, but none of the 

studies successfully purified the bacteriocin and determined the amino acid sequence 

of the peptides [Collado et al., 2005a;  Gibson and Wang, 1994;  Meghrous et al., 

1990]. Thermophilicin B67 is therefore, to our knowledge, the first bacteriocin 

produced by a member of the genus Bifidobacterium which was purified to a single 

active fraction after analytical HPLC and for which molecular mass was determined 

using MALDI-TOF. The reason for this lack of information on bifidobacteria 

bacteriocins could be related to the low production of the antimicrobial compounds. 

In our study, antimicrobial activity could only be detected with activity tests after a 

ten-fold concentration. 

Purification of bacteriocins is usually very tedious and requires cumbersome 

procedures usually including precipitation followed by various chromatographic 

steps. Other purification protocols used additionally lyophilisation, extraction and 

dialysis [Bauer et al., 2005;  Carolissen-Mackay et al., 1997;  Deraz et al., 2005]. The 

method used in this study, methanol-acetone-extraction, was first suggested by 

Gibson and Wang (1994) for bifidobacteria, but these authors did not report further on 

the purification protocol nor on bacteriocin structure. In this study we showed that 

methanol-acetone-extraction resulted in a recovery of approx. 35 % of the bacteriocin 

activity but with a purification factor of only 16.7. This recovery yield is comparable 

to that after a 4-step purification of pediocin PD-1 [Bauer et al., 2005], but more than 

two times higher than for acidocin D20079 using ammonium sulphate precipitation 

and two consecutive chromatography steps [Deraz et al., 2005]. However, for 

pediocin PD-1 a much higher purification factor of 1700 was achieved. For nisin 

purification, only low recoveries ranging from 3-10 % were usually obtained with 

multiple step protocols, whereas a one step monoclonal antibody purification resulted 

in a recovery of approx. 62 % [Prioult et al., 2000]. This suggests that methanol-

acetone extraction is a suitable method for purification of highly hydrophobic 

bacteriocins, such as thermophilicin B67. Since this extraction method targets 

hydrophobic peptides, it may also be performed with other bacteriocins, especially 
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class II bacteriocins which are known to have a high hydrophobicity [Cotter et al., 

2005;  Zamfir et al., 1999].  

However, this method also showed important limitations, especially when designing 

the following purification steps. Cation exchange chromatography, anion exchange 

chromatography and hydrophobic interaction chromatography which are usually used 

as preliminary purification step for bacteriocins prior HPLC [Bauer et al., 2005;  

Berjeaud and Cenatiempo, 2004;  Tahiri et al., 2004] all failed when the methanol-

acetone extract was loaded. The activity was either lost after elution or did not bind to 

the column (data not shown). Direct injection on a C18 reversed phase column using 

semi-preparative HPLC resulted in 2-3 active fractions at an acetonitrile concentration 

of approx. 38 % (Fig. 4-1). The active fractions could not be related to specific peaks 

indicating that the active compound is at very low concentration or suggesting that the 

amino acid sequence of the peptide contained limited amount of amino acids with an 

aromatic circle which usually absorbs at 280 nm. After injecting the active fraction on 

an analytical C18 reversed phase column, a single active peak after 13 min was 

collected during the isocratic step with an acetonitrile concentration of 10 % (Fig. 4-

2). The reason why the peptide did not bind to the column could be “self-protection” 

of the hydrophobic sides from the hydrophilic phase leading to the formation of 

micelle-like structures acting similar as hydrophilic compounds (Jean-Marc Berjeaud, 

personal communication). After re-injecting this active fraction on the analytic C18 

column using a flat gradient, three close peaks were detected (Fig. 4-3), but with no 

activity. This could be due to too low amount of the peptide or separation of the 

subunits of a complex bacteriocin. This needs to be confirmed first by further 

investigations.  

The peak marked with an arrow in Fig. 4-3 was then subjected to MALDI-TOF and 

separated in two peptides, one of 5381.6 Da and the other of 5796.8 Da. It can not be 

determined whether those peptides are 2 subunits of a complex bacteriocin or whether 

one of them is a degradation product of the bacteriocin, or an impurity in the peak. A 

better resolution of the last HPLC step is required to separate these two substances. 

The determination of the N-terminal amino acid sequence using Edman degradation 

was not successful. This data may be related to the low content of the peptide or the 

very hydrophobic properties of thermophilicin B67 leading to the formation of 

micelles in a hydrophilic environment which protected the peptide from the 
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degradation. Another explanation could be that thermophilicin B67 was washed out 

during the washing steps in the sequencer with organic solvents. The N-terminal 

sequencing may also be blocked due to the structure of the peptide (circular) or N-

terminal capping [Deraz et al., 2005].  

After SDS-PAGE, no distinct band was detectable after methanol-acetone extraction 

although several peaks were measured with HPLC. Since silver staining should allow 

detecting peptides at a very low concentration of only 0.01 ng ml-1 [Deraz et al., 

2005]  and a protein content of 0.4 mg ml-1 was determined in the methanol-acetone 

extract, it can be excluded that the low protein concentration was the reason for the 

absence of bands. The conditions of SDS-PAGE could not be improved by changing 

buffers, acrylamid content, increasing sample and glycerol concentration and varying 

buffer pH. A possible reason could be the crystallization of the proteins [Deraz et al., 

2005] inhibiting the migration or a similar “self-protection” mechanism leading to the 

formation of micelles. The appication of SDS protocols for the separation of lipo-

proteins or membrane proteins using zwitterionic detergents like sulfobetaine 12 or 

Triton X-100 [Fricke et al., 1995;  Helenius and Simons, 1977;  le Maire et al., 2000] 

did not resolve this problem. Native PAGE with varying pH and buffers [Chrambach 

and Jovin, 1983] also resulted in no migration into the gel. 

Electrophoresis of hydrophobic proteins has always been much more difficult than for 

soluble proteins, due to the low solubility and possible aggregations in the 

electrophoretic field [Lin et al., 1999]. This could also be the case for thermophilicin 

B67 in the methanol-acetone-extract. The active fraction at the final step of 

purification resulted in a weak band at about 5 kDa on SDS-PAGE (Fig. 4-5, lane 4). 

The slurry band in the active fraction after semi-preparative RP-HPLC (Fig. 4-5, lane 

3) could be related to several proteins with approximately the same size. This 

suggestion was confirmed by more than one peak detected after the first injection on 

analytical RP-HPLC (Fig. 4-2). Since no activity was detected on the 2nd gel prepared 

for the activity assay after Bhunia et al. (1987), the detected band (Fig. 4-5, lane 4) 

could not directly be assigned to thermophilicin B67. The failure to detect any activity 

on the SDS-gel may be related to the low concentration of the protein or the 

destruction of the active protein (e. g. for a two-component bacteriocin). Since only 

one band was detected after all purification steps and the molecular size was 
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confirmed by MALDI-TOF, it can be assumed that this band corresponds to 

thermophilicin B67.  

It was difficult to characterize the properties of thermophilicin B67 since it could not 

be purified and the concentrated supernatants also contained high concentrations of 

organic acids which may influence the inhibition assays and low bacteriocin activity 

(chapter 3). The inhibitory activity of organic acids, however, is strongest close to 

their respective pKa values. The pKa values for lactic, acetic and formic acids, 

produced by Bifidobacteria sp., are around pH 4-5. The activity of thermophilicin 

B67, however, did not change over a wide pH range from 2 to 10, suggesting that 

organic acids had no or limited influence on the inhibitory effect measured against 

L. ivanovii HPB28. The wide range of pH stability is unusual for bacteriocins since 

most bacteriocins are reported to be more active at low [Parente and Ricciardi, 1999;  

Wu et al., 2004;  Yamato et al., 2003] or intermediate pH [Bauer et al., 2005].  

The inhibition spectrum of thermophilicin B67 was relatively narrow for the strains 

tested. Eight strains distributed over three species in the genus Listeria were inhibited, 

but not all strains. Lactobacillus acidophilus DSM20079T was inhibited by 

thermophilicin B67 which could be seen as direct competitor in the human gastro-

intestinal tract. The inhibition of six L. monocytogenes strains [Touré et al., 2003] 

makes the bacteriocin interesting for food preservation in the dairy industry 

preventing outgrowth of this pathogen. The inhibition spectrum may be broadened if 

the pure thermophilicin B67 is available in higher amounts. The low level of activity 

of thermophilicin B67 limits the determination of the inhibition spectrum. 

Heat stability is a common feature of low molecular weight bacteriocins [Cintas et al., 

1995] which could indicate, that thermophilicin B67 belongs to this class as suggested 

by the band at 5 kDa measured by SDS-PAGE. Heat stability has been suggested to 

be related with complex patterns of disulphide intra-molecular bonds stabilizing the 

secondary structure [Oscáriz and Pisabarro, 2001].  

For better characterization of thermophilicin B67 and determination of its structure 

and mode of action, it is required to have significant amounts of the pure substance. 

Since the HPLC methods tested in this study resulted in a close to pure compound, 

they can be used as base for further optimization of the last purification steps. To 

achieve a better separation with analytical HPLC, a flatter gradient and/or a higher 

mobile phase flow rate could be used. Although the C18 column was able to separate 
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the compound from the extract, using another column designed for hydrophobic 

peptides may improve purification [Bollhagen et al., 1995].  

The knowledge of the properties of thermophilicin B67 may reveal some new 

features, like competitive factors, on bacterial interaction in the human 

gastrointestinal tract and the inhibitory spectrum could be expanded. The amino acid 

sequence will help to identify the genes for thermophilicin B67 production. The 

knowledge of the operon responsible for thermophilicin B67 production may allows 

determining the inducing factors for its production, and therefore increasing its 

production. When the gene sequence will be known, probes could be designed and 

used to screen similar sequences in other bifidobacteria.  
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4.6 Conclusions 

 

This study confirmed that bifidobacteria produce bacteriocins. The properties of 

thermophilicin B67 was in agreement with the general definition of bacteriocins being 

heat-stable, proteinase-sensitive and having a narrow inhibition spectrum. Although 

those properties may suggest similar purification strategies and behaviour it was 

shown that a completely different approach was needed. The compound was produced 

in very low amount and highly hydrophobic, and may be composed of more than one 

unit. It is also possible that a co-factor is needed for activity which is removed during 

the purification process.  

The determination of the amino acid sequence and/or structure of thermophilicin B67 

could allow the development of a better purification strategy with higher purification 

factors. This can then be used for the purification of other, similar bacteriocins which 

are currently not identified yet. 

Due to the low production of thermophilicin B67 by B. thermophilum RBL67, 

application of the antimicrobial as for nisin is not likely. Therefore, the approach 

should rather be to use the strain as probiotic culture exploiting its ability to grow in 

the gastrointestinal tract and to produce thermophilicin B67 in-situ. 
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5 Identification and characterization of a new 
bacteriocin-producer Pediococcus acidilactici 
UVA1 isolated from baby faeces 

 

5.1 Summary 

 

In a previous study, 34 Bifidobacterium sp. have been isolated from baby faeces. A 

coccoid shaped bacterium was shown to contaminate the isolate B. thermophilum 

RBL67 and apparently grew in equilibrium with this culture. This bacterium produced 

high antimicrobial activity against Listeria monocytogenes. In this study, strain UVA1 

has been identified and characterized. 

Strain UVA1 was able to grow both aerobically and anaerobically on MRS agar 

supplemented with 0.05 % L-cysteine-hydrochloride. Different phenotypical 

characteristics pointed to Pediococcus acidilactici: fermentation profile, formation of 

cocci growing in pairs, catalase-negative, Gram-positive, non-haemolytic property 

and growth at 50 °C. This identification was confirmed by 16S rDNA sequence 

analysis which clearly assigned strain UVA1 to Pediococcus acidilactici species with 

more than 99 % homology. Using pulsed field gel electrophoresis, strain UVA1 could 

be distinguished from the closely related pediocin PA1-producing strain 

P. acidilactici UL5. In strain UVA1, two extra-chromosomal elements were detected, 

one with a similar size (approx. 9.4 kb) as the plasmid encoding for pediocin PA-1 in 

several pediocin-producing strains.  

Strain UVA1 identified as Pediococcus acidilactici was able to grow in a temperature 

range from 15 to 50 °C, with an optimum at 40 °C, in MRS cysteine medium without 

pH control. 
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5.2 Introduction 

 

The genus Pediococcus belongs to the family of the lactic acid bacteria (LAB). The 

LAB are an inhomogenous group of bacteria which can be divided into two main 

subgroups, either homofermenters or heterofermenters based on the end-product of 

their fermentation [Carr et al., 2002]. Most LAB have a GRAS (generally recognised 

as safe) status which indicates a safe implementation as food additives [Holzapfel et 

al., 1995;  Simpson et al., 2002]. In addition to their economical importance in the 

production of fermented foods, a wide variety of LAB strains produce bacteriocins 

[Drider et al., 2006;  Nes and Johnsborg, 2004]. The production of antimicrobial 

compounds (organic acids, hydrogen peroxide, etc.) by LAB has been used for a long 

time to preserve food [Ross et al., 2002]. The use of protective cultures or 

bacteriocins as food preservatives, however, has rapidely developed in the past few 

years [Devlieghere et al., 2004;  Nes and Johnsborg, 2004;  Rodgers, 2001].  

The homofermentative LAB include the genera Pediococcus, Enterococcus, 

Lactococcus, Lactobacillus and Streptococcus. The genera Pediococcus can easily be 

distinguished by the tetrad morphology in broth media and by its predominately L(+)- 

and DL-lactate production [Carr et al., 2002]. Pediococcus species are facultative 

anaerobic, catalase-negative, nonmotile Gram-positive cocci arranged in pairs, tetrads 

and clusters [Holzapfel et al., 2005]. Currently, there are eight species included in the 

genus Pediococcus: P. acidilactici, P. damnosus, P. dextrinicus, P. parvulus, P. 

pentosaceus, P. inopinatus, P. halophilus and P. urinaeequi. However, only P. 

acidilactici and P. pentosaceus are widely used in fermented food like fermented 

vegetables, meats, dairy products and silage [Simpson et al., 2002]. Both species have 

been recovered from the gastrointestinal tract of poultry, ducks and other animals 

[Hudson et al., 2000;  Juven et al., 1991;  Kurzak et al., 1998]. However, they can 

also be found on a great variety of plants and fruits. In fermenting plant materials, 

such as silage, cucumbers or olives, the pediococci often multiply rapidly and become 

a major component of the LAB flora, primarily in the early stages of the fermentation 

process characterized by aerobic/microaerophile conditions [Holzapfel et al., 2005]. 

Some Pediococcus species, however, are not desired in food since they can be 

contaminants in beer or other products leading to off-flavour [Simpson et al., 2002]. 
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Other unwanted effects of pediococci are related to human health. Pediococcus 

acidilactici and P. pentosaceus  have been isolated in immunocompromised patients 

with cases of invasive infections but their role in the pathogenesis remained unclear 

[Barros et al., 2001]. On the other hand, Pediococcus strains are also used as 

probiotics but mainly as animal feed additives [Guerra et al., 2006;  Weinberg et al., 

2004]. In food, they are used as protective cultures to avoid contamination with 

pathogens of sausages or meat in general. They are then part of the hurdle approach 

[Chen et al., 2004a;  Papamanoli et al., 2003;  Tyopponen et al., 2003]. 

There is not much information available on the identification and isolation of 

Pediococcus strains. An aid for the isolation of Pediococcus sp. is the intrinsic 

resistance to vancomycin which, however, is not a selective factor specific for this 

genus. Several differential media have been suggested for the identification of 

pediococci [Carr et al., 2002]. Media adjusted to pH < 4.5 allow distinguishing 

between Leuconostoc spp. and Pediococcus spp. since Leuconostoc strains do not 

grow at a pH lower than 4.5. Recently, Simpson et al. (2006) proposed a new medium 

termed PSM for the enumeration of P. acidilactici and P. pentosaceus which was 

based on MRS supplemented with cysteine hydrochloride, novobiocin, vancomycin 

and nystatin. However, storage and manufacture conditions can alter the selective 

properties of a medium [Simpson et al., 2006].  

The differentiation between Pediococcus species can be done using phenotypic 

methods based on growth conditions or fermentation profiles. One simple method to 

distinguish P. acidilactici from other pediococci is for example growth at 50 °C 

whereas other members of the genus do not grow at this high temperature [Simpson et 

al., 2006]. The use of molecular methods for species identification was also a major 

step forward in Pediococcus identification. To identify Pediococcus isolates, 

16S rDNA sequence analysis and riboprinting have been used  [Barney et al., 2001], 

as well as randomly amplified polymorphic DNA PCR (RAPD) and pulsed field gel 

electrophoresis (PFGE) [Simpson et al., 2002]. Recently, ISR (intergenic spacer 

region) restriction analysis has been successfully applied for the differentiation of 

Pediococcus species from other LAB [Chenoll et al., 2003]. To differentiate P. 

acidilactici from P. pentosaceus, a multiplex PCR protocol using the 16S rDNA and 

ldhD gene as template has been developed [Mora et al., 1997]. 
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In this study, a coccoid isolate from baby faeces co-isolated with the bacteriocin-

producing strain Bifidobacterium thermophilum RBL67 was identified and 

characterized. The unknown bacteria UVA1 was isolated from baby faeces together 

with B. thermophilum RBL67 [Touré et al., 2003]. Since strain UVA1 also produced 

a bacteriocin-like inhibitory compound, the identification and characterization of the 

strain is required for possible future use for food preservation or as probiotic culture 

with antimicrobial activity on infectious bacteria. 
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5.3 Material and methods 

5.3.1 Bacterial strains and routine growth conditions 

 

The strains used in this study are listed in table 5-1. All strains were kept at -80 °C in 

their respective growth media supplemented with 30 % glycerol. Pediococcus and 

Lactobacillus strains were grown in MRS [de Man et al., 1960] medium (Biolife, 

Mailand, Italy) supplemented with 0.05 % (w/v) L-cysteine hydrochloride (Fluka, 

Buchs, Switzerland). This media was termed MRS-C. For agar plates, MRS-C was 

supplemented with 1.5 % (w/v) agar (Difco, Basel, Switzerland). Lactococcus lactis 

subsp. cremoris AC1 was cultivated in M17 broth (Biolife, Mailand, Italy) and 

Enterococcus faecalis JH2-2 in BHI (Becton Dickinson, LePoint de Claix, France). 

 
Table 5-1: Cultures used in this study 

Bacteria Culture broth Reference 

Pediococcus acidilactici UL5 MRS-C [Daba et al., 1991] 

Pediococcus acidilactici DSM20284T MRS-C DSMZa 

Pediococcus pentosaceus DSM20336T MRS-C DSMZa 

Lactobacillus paracasei subsp. paracasei 

DSM5622T 

MRS-C DSMZa 

Coccoid isolate from baby faeces UVA1 MRS-C This study 

Lactococcus lactis subsp. cremoris AC1 M17 [Neve et al., 1984] 

Enterococcus faecalis JH2-2 BHI [Jacob and Hobbs, 

1974] 
a German collection of microorganisms and cell cultures, Braunschweig, Germany. 

 

Each culture was grown overnight in 20 ml of their respective growth medium 

inoculated at 1 % (v/v), prior further analysis. Pediococcus and Lactobacillus species 

and Enterococcus faecalis JH2-2 were grown at 37 °C whereas L. lactis subsp. 

cremoris was incubated at 30 °C. E. faecalis JH2-2 and L. lactis subsp. cremoris were 

shaken during incubation for better growth. 
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5.3.2 Carbohydrate fermentation profile 

 

The fermentation profile of strain UVA1 was determined using API50 CHL 

fermentation strips (BioMérieux, Marcy l'Etoile, France). A 2 ml volume of an 

overnight culture (16 h) of the tested strains was centrifuged at 14000 x g for 5 min at 

4 °C (Centrifuge 5417R, Eppendorf, Schönenbuch, Switzerland). The pellet was 

washed once and resuspended in 1 ml of sterile, double distilled water. The 

suspension was then added to 5 ml CHL50 medium (prepared according to the 

manufacturer’s manual). Each tube of the API CHL50 strips was then inoculated with 

100 μl of the bacterial suspension in CHL50 medium and sealed with sterile paraffin 

(Fluka). The strips were then incubated at 37 °C under anaerobic conditions and 

evaluated after 24, 48 and 72 h. The fermentation reactions were interpreted visually 

according to the manufacturer’s instructions using the APILAB+ software version 

3.3.3. P. acidilactici UL5, P. acidilactici DSM20284T, P. pentosaceus DSM20336T, 

and L. paracasei subsp. paracasei DSM5622T were used as reference strains. All tests 

were performed in triplicate. 

 

5.3.3 Determination of growth temperature range  

 

For the determination of the temperature range for growth of UVA1, the strain was 

incubated in 20 ml MRS-C medium inoculated with 1 % of an overnight culture at 10, 

15, 50, 52, 53 and 55 °C. P. acidilactici UL5 and DSM20284T and P. pentosaceus 

DSM20336T were used as controls. The optical density at 600 nm was measured with 

a spectrophotometer (Uvikon 810P, Kontron Instruments, Rotkreuz, Switzerland) 

after 4, 24 and 96 h. The ability to grow at a given temperature was positive if OD600 

exceeded 0.4 after 96 h or before. All tests were performed twice. 
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5.3.4 Gram staining and haemolysis test  

 

Gram-staining was performed with the Gram-color stain set (Merck, Darmstadt, 

Germany) according to the manufacturer’s instructions (Cuvette staining protocol). 

The haemolytic reaction was determined on trypticase soy agar containing 5 % sheep 

blood (Difco, Basel, Switzerland). The agar plate was incubated anaerobically at 

37 °C for 24 h and visually examined for destructed erythrocytes. 

 

5.3.5 16S rDNA sequencing  

 

The 16S rDNA of strain UVA1 and P. acidilactici UL5 were amplified using a 

slightly modified protocol after Schürch (2002). The annealing temperature for the 

bak11w/bak4 primers (table 5-2) was increased to 62 °C. PCR amplification 

(Biometra T personal thermal cycler, Goettingen, Germany) was performed with 2.5 

U EuroTaq-DNA-Polymerase (Digitana, Horgen, Switzerland) with the addition of 50 

mM magnesium chloride (Digitana, Horgen, Switzerland).  

 
Table 5-2: Primers used in this study. 

Primera Sequence (5’→3’) Orientation Reference 

Bak11w AGTTTGATCMTGGCTCAG  [Goldenberger et al., 

1995] 

Bak4 AGGAGGTGATCCARCCGCA  [Greisen et al., 1994] 

Eubac338fw ACTCCTACGGGAGGCAGC forward [Amann et al., 1995] 

Uni785fw GGMTTAGATACCCTGGTAG forward [Amann et al., 1995] 

Uni1088fw GGTTAAGTCCCGCAACGAGC forward [Amann et al., 1995] 
a Primers synthetisized by Microsynth, Switzerland 

 

The amplified 16S rDNA fragment was then separated using electrophoresis at 100 V 

for 1 h (PowerPac 3000 power supply, BioRad, Reinach, Switzerland) and stained 

with 2.5 μg ml-1 ethidium bromide (Sigma, Buchs, Switzerland). The corresponding 

DNA fragment was cut out and purified using the GFX PCR purification kit 

according to the manufacturer’s instructions (Amersham Biosciences, Otelfingen, 
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Switzerland). The DNA was then concentrated to 100 ng μl-1 using a speedvac 

(Univapo 1509 ECH, UniEquip, Planegg, Germany) and sent to Microsynth (Balgach, 

Switzerland) for sequence analysis using the primers eubac338fw, eubac338rev, 

uni785fw, uni785rev, uni1088fw and uni1088rev (table 5-2). The sequence was then 

assembled using the software BioEdit (version 5.06, http://www.mbio.ncsu.edu) and 

compared with sequences in the Genbank using the software BLAST (version 2.2.10). 

The sequences were aligned using ClustalW (version 1.6) and a tree was constructed 

using the neighbour-joining method with a bootstrap value of 1000 with the software 

MEGA 3.1 and rooted with Bacillus subtilis W168 [Kumar et al., 2004]. 

 

5.3.6 Pulsed field gel electrophoresis 

 

PFGE was performed with strains UVA1, P. acidilactici UL5, P. acidilactici 

DSM20336T and P. pentosaceus DSM20284T after a modified protocol as described 

by Simpson et al. (2002). DNA from pediococci was isolated and washed as 

described in the protocol with the following modification: only a one-step proteinase 

K digestion was done overnight. The DNA restriction was done overnight at 37 °C in 

the appropriate buffer supplied by the manufacturer using 20 U ApaI or 20 U NotI 

(New England Biolabs, Ipswich MA, USA), respectively. PFGE analysis was carried 

out on a CHEF-DR II pulsed-field gel electrophoresis system (BioRad, Reinach, 

Switzerland) at 150 V for 22 h with 1- to 15-s linear ramp pulse time at 4 °C using 0.5 

x TBE buffer [Simpson et al., 2003]. Molecular size markers (0.13 -194.0 kb; New 

England Biolabs) were included in each run. Each restriction was performed twice. 

The DNA fragments were stained with 2.5 μg ml-1 ethidium bromide and visualized 

under UV light. 
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5.3.7 Screening for extrachromosomal elements 

 

Extrachromosomal elements were extracted from all Pediococcus strains listed in 

table 5-1 using a modified method after Anderson and McKay (1983) and described 

by Schürch (2002) for small scale plasmid isolation. Shortly, for cell lysis, 9.5 μl 

mutanolysin (Sigma, 1500 U ml-1) was added to the lysis solution (solution B) and in 

one of the last steps, the pellet was resuspended in 1x TE buffer [Sambrook and 

Russel, 2001]. Finally, the RNA was digested with 2 μl RNase A (Sigma, 5 mg ml-1).  

The DNA was then visualized by UV light after staining with 2.5 μg ml-1 ethidium 

bromide and separation with a 0.65 % agarose gels in 1 x TBE buffer [Sambrook and 

Russel, 2001] with electrophoresis at 100 V for 1 h. Lactococus lactis subsp. cremoris 

AC1 was used as positive control and Enterococcus faecalis JH2-2 as negative 

control. The supercoiled DNA ladder (Promega, Madison WI, USA) was used as size 

standard. 
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5.4 Results 

5.4.1 Carbohydrate fermentation profile and growth temperature limits 

 

The carbohydrate fermentation was performed using API 50 CHL strips and evaluated 

after 72 h anaerobic incubation at 37 °C. Table 5-3 shows a summary of data for 

strain UVA1 compared to P. acidilactici UL5, P. acidilactici DSM20284T and P. 

pentosaceus DSM20336T. Using the APILAB+ software, strain UVA1 was identified 

as Pediococcus acidilactici. The result could be confirmed by the correct 

identification of the control strains P. acidilactici DSM20284T, P. acidilactici UL5, P.  

pentosaceus DSM20336T using the same test. P. pentosaceus was able to ferment all 

carbon sources listed in table 5-3. Strains UVA1, UL5 and DSM20284T differed from 

each other and P. pentosaceus. Mannose was fermented by UL5 and DSM20284T but 

not by UVA1. Saccharose was only fermented by UL5 and DSM20336T whereas D-

trehalose was only fermented by DSM20284T and DSM20336T. 

By measuring the optical density at 600 nm after 96 h incubation at different 

temperatures, the upper and lower growth temperature limits were determined by 

setting a limit of OD600 of 0.4 for growth. All P. acidilactici strains grew in a 

temperature range from 15 to 50 °C. Growth above 50 °C was not detected. P. 

pentosaceus DSM20336T was able to grow at 10 °C but not at 50 °C although the 

upper limit for this strain was not tested. 

 

5.4.2 Gram staining and catalase and haemolysis tests 

 

Strain UVA1 is Gram-positive and catalase-negative since no bubbles occurred when 

adding hydrogen peroxide to the culture. The haemolysis test of strain UVA1 was 

negative as no destruction of erythrocytes was observed. 
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Table 5-3: Fermentation profile determined after 72 h incubation at 37 °C and temperature limits of 

strain UVA1 measured in MRS-C medium after 96 h incubation compared with type strains. UVA1: 

Strain UVA1; UL5: P. acidilactici UL5; 20284: P. acidilactici DSM20284T; 20336: P. pentosaceus 

DSM20336T. 

 UVA1 UL5 20284 20336 

L-Arabinose + + + + 

D-Ribose + + + + 

D-Xylose + + + + 

D-Galactose + + + + 

D-Glucose + + + + 

D-Fructose + + + + 

D-Mannose - + + + 

N-Acetylglucosamine + + + + 

Arbutin + + - + 

Esculin ferric citrate + + + + 

Salicin + + - + 

D-Cellobiose + + + + 

D-Lactose - - - + 

D-Saccharose - + - + 

D-Trehalose - - + + 

Gentiobiose + + + + 

D-Tagatose + + + + 

Lower T limit (°C) 15 15 15 10 

Upper T limit (°C) 50 50 50 n.d.a  
a n.d.: not able to grow at 50 °C (used as negative control for differentiation of P. 

acidilactici/pentosaceus). 

 

5.4.3 16S rDNA sequence analysis 

 

The 16S rDNA sequence analysis of strain UVA1 and P. acidilactici UL5 were 

performed using the software BioEdit. The assembly of the sequence fragments 

produced a 1492 bp sequence for strain UVA1 and 1568 bp for P. acidilactici UL5. 

The sequences were compared with available 16S rDNA sequences in GenBank, 

showing 99 % homology with Pediococcus acidilactici strains (data not shown). The 

sequences were aligned using Clustalw (version 1.6) and a tree was constructed (Fig 

5-1). The results of 16S rDNA sequencing identified strain UVA1 as a new 
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Pediococcus acidilactici strain. Furthermore, a close relationship of strain UVA1 with 

P. acidilactici UL5 could be shown. However, the tree also showed that strains UVA1 

and UL5 are on another branch than other P. acidilactici strains. 

 

 
Fig. 5-1: Phylogenetic tree of strain UVA1 based on 16 S rDNA sequences. The tree was constructed 

using the neighbor-joining method with a bootstrap value of 1000 with the software MEGA 3.1 and 

rooted with Bacillus subtilis W168. Accession numbers of the sequences in the GenBank in brackets (). 

 

5.4.4 PFGE analysis of P. acidilactici UVA1 

 

For further molecular analysis of strain UVA1 and for better differentiation from 

P. acidilactici UL5, PFGE was performed with P. acidilactici UVA1, P. acidilactici 

UL5, P. acidilactici DSM20284T and P. pentosaceus DSM20336T using restriction 

enzymes ApaI and NotI (Fig. 5-2). Strain UVA1 and UL5 had the same restriction 

pattern with NotI. Four bands between 194.0 and 97.0 kb, one band between 145.5 

and 97.0 kb, three bands around 48.5 kb and seven bands between 48.5 and 6.55 kb 

were detected. However with ApaI, strains UVA1 and UL5 differed. A band was 

detected at 194.0 kb for strain UVA1 but not for strain UL5. However, the remaining 



Chapter 5 Identification and characterization of P. acidilactici 

UVA1 

Results 

 

115 

restriction pattern was similar for both strains. This test also indicated a close 

relationship between these two strains.  

 

 
Fig. 5-2: PFGE profiles of Pediococcus sp. used in this study restricted with the enzymes ApaI and 

NotI.  

L: low range PFGE marker; 1: Pediococcus acidilactici UVA1 with NotI; 2: P. acidilactici UL5 with 

NotI; 3: P. acidilactici DSM20284T with NotI; 4: P. pentosaceus DSM20336T with NotI; 5: P. 

acidilactici UVA1 with ApaI; 6: P. acidilactici UL5 with ApaI; 7: P. acidilactici DSM20284T with 

ApaI; 8: P. pentosaceus DSM20336T with ApaI; 9: empty lane. 

 

5.4.5 Screening for extra-chromosomal elements 

 

Extra-chromosomal elements, or plasmids, may carry functionalities which are 

restricted to the strain carrying them. Therefore, P. acidilactici UVA1, P. acidilactici 

UL5, P. acidilactici DSM20284T and P. pentosaceus DSM20336T were screened for 

extra-chromosomal elements using a modified method of Anderson and McKay 

(1983). 
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Fig. 5-3: Extra-chromosomal elements of Pediococcus strains used in this study. L: supercoiled DNA 

ladder: 10 to 2 kb in 1 kb steps; 1: Pediococcus acidilactici UVA1; 2: P. acidilactici UL5; 3: P. 

acidilactici DSM20284T; 4: P. pentosaceus DSM20336T; 5: Lactococcus lactis subsp. cremoris AC1; 

6: Enterococcus faecalis JH2-2; 7: water. 

 

Fig. 5-3 shows two extra-chromosomal elements for P. acidilactici UVA1 and three 

for P. acidilactici UL5 which were detected at different positions than for UVA1. In 

the type strain P. acidilactici DSM20284T, no extra-chromosomal element was 

shown. In P. pentosaceus DSM20336T, three plasmids were detected, one in a similar 

position as the smallest one detected in P. acidilactici UL5. 
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5.5 Discussion 

 

The results obtained from phenotypic characterization clearly indicated that strain 

UVA1 was a Pediococcus acidilactici. Strain UVA1 was Gram-positive, catalase-

negative, non-haemolytic, non-motile and appeared often in pairs matching the 

properties for pediococci [Holzapfel et al., 2005]. Carbohydrate fermentation profile 

data compared with data from APILAP+ software and known species confirmed that 

strain UVA1 belonged to Pediococcus acidilactici. Strain UVA1 was able to ferment 

the same carbohydrates as described by the database of APILAP+ software for P. 

acidilactici or in the review by Carr et al. (2002) (Table 5-3). According to Carr et al. 

(2002), strain UVA1 as other P. acidilactici strains should also hydrolyze arginine 

and grow at 15 % NaCl which were not tested in this study. Strain UVA1 could grow 

at 50 °C which was another phenotypic confirmation that strain UVA1 is a P. 

acidilactici strain. Among Pediococcus species, only P. acidilactici can grow at 50 °C 

[Carr et al., 2002].  

Nowadays, phenotypic characterization of a strain only is not enough to discriminate 

species or even strains. It is much more appropriate to use a polyphasic approach for 

species identification [Vandamme et al., 1996]. The genotypic characterization using 

16S rDNA sequence analysis confirmed the results obtained with the phenotypic 

characterization. The 16S rDNA of strain UVA1 shared more than 99 % homology 

with P. acidilactici strains which assigned strain UVA1 to Pediococcus acidilactici 

because a homology lower than 97 % is required for the definition of a new species 

[Dellaglio and Felis, 2005]. Although some P. pentosaceus strains were also closely 

related with 98 % homology, strain UVA1 could be easily distinguished by its growth 

at 50 °C. The phylogenetic tree in Fig. 5-1 reveals that strain UVA1 seems, together 

with P. acidilactici UL5, to be closer related with P. inopinatus and other strains 

different from P. acidilactici. Since all P. acidilactici strains grow at 50 °C, it could 

be expected that they may group on the same branch, similar to the thermophilic or 

aerotolerant groups in bifidobacteria [Simpson et al., 2004b;  Zhu et al., 2003]. Strain 

UVA1 and UL5, however, did not fit in this scheme. The reason for this difference 

may be, on one hand, that there are too few pediococci sequences available for an 

accurate comparison. On the other hand it is known that P. acidilactici and P. 
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pentosaceus are difficult to separate using physiological tests [Holzapfel et al., 2005]. 

This would indicate that they have a high degree of relatedness. Nevertheless, DNA-

DNA hybridisation showed only 5-35 % homology between P. acidilactici and P. 

pentosaceus strains [Dellaglio and Torriani, 1986;  Simpson and Taguchi, 1995]. Both 

species are, however, more closely related to each other than with other Pediococcus 

species.  

Analyzing partial groEL (HSP60) sequences and the internal spacer region sequences 

between 23S rDNA and 16S rDNA may reveal additional information on the 

relationship of P. acidilactici UVA1 and UL5 within the genera Pediococcus [Dobson 

et al., 2002]. Using a multilocus typing approach may also better distinguish the 

species and allocate them in genomic subgroups. Mora et al. (2000a) were able to 

distinguish between pediocin- and non-pediocin-producing P. acidilactici strains 

using restriction fragment length polymorphism (RFLP) of housekeeping genes (like 

ldhD and ldhL) and 16S rDNA sequence analysis. They could show that the pediocin-

producing strains represented a homogenous subpopulation. It is not known whether 

the other strains (apart from UL5) represented in the phylogenetic tree in Fig. 5-1 

produced pediocin. We tested P. acidilactici DSM20284T and P. pentosaceus 

DSM20336T for bacteriocin production against L. ivanovii HPB28 with the agar well 

test but none showed activity (data not shown). This might indicate, together with the 

study of Mora et al. (2000a), that the branch of P. acidilactici UVA1 and UL5 , both 

producing a bacteriocin active against Listeria, could represent the group of pediocin-

producing strains. However, this data need to be confirmed by analysis of more 

pediocin-producing strains and purification of the bacteriocin produced by P. 

acidilactici UVA1. 

Since strain P. acidilactici UVA1 and P. acidilactici UL5 are closely related 

according to 16S rDNA analysis and phenotypic characteristics, PFGE analysis was 

performed. PFGE allows the differentiation between strains within the same species 

and since PFGE profiles are unique to one strain, also the tracking of a specific strain 

[Simpson et al., 2002]. The restriction patterns obtained with the enzyme NotI were 

similar but they were different with ApaI for P. acidilactici UVA1 and UL5. This 

analysis confirmed the close relationship between the two strains since only one band 

difference was detected. It should be mentioned that we encountered difficulties with 

the type strains of P. acidilactici and P. pentosaceus which could be related to 
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incomplete DNA isolation or problems with restriction reactions. For a better 

restriction pattern and therefore a better distinguishing of the profiles, the restriction 

enzyme AscI could be used as described by Simpson et al. (2002) and an adaptation of 

the pulse time may allow to better distinguish fragments, especially those above 200 

kb. 

Pediococcus acidilactici UVA1 inhibited Listeria monocytogenes by production of a 

proteinaceous compound (data not shown). Many P. acidilactici strains are known to 

produce bacteriocins, especially the well-known bacteriocin pediocin PA-1 [Mora et 

al., 2000b]. The genetic information encoding for pediocin PA-1 is localized on a 

plasmid of 9.4 kb, called pSRQ11 originally found in P. acidilactici PAC1.0 

[Rodriguez et al., 1997]. The screening for extra-chromosomal elements in P. 

acidilactici UVA1 revealed a band at approx. 9.4 kb suggesting that the same plasmid 

might be present. However, this finding needs further analysis using molecular 

methods like PCR with primers designed for pediocin-gene detection [Rodriguez et 

al., 1997]. Although P. acidilactici UL5 is known to produce pediocin PA-1, the 

corresponding plasmid at 9.4 kb was not detected. However, this could be related to 

the state of the DNA of the plasmid (straight or coiled) which changes the migrating 

behaviour. Nevertheless, different extra-chromosomal elements were detected. Strain 

UVA1 had only two, whereas in UL5 three elements which were larger than those 

from strain UVA1. The loss of an element during cultivation or storage is not likely. 

Therefore, strain UL5 and UVA1 could also be distinguished by their extra-

chromosomal elements profile. 
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5.6 Conclusions 

 

Strain UVA1 could be clearly identified as a new Pediococcus acidilactici strain 

using a polyphasic approach with phenotypic and genotypic characteristics. The 

proposed phenotypic classification scheme by Carr et al. (2002) would actually have 

been enough for the identification since all tested properties of strain UVA1 were 

positive for P. acidilactici. However, 16S rDNA showed also high homologies with 

P. pentosaceus strains (98 %) which strengthen the use of a polyphasic approach.  

Pediococci are commonly associated with various plants and their products or meat 

[Carr et al., 2002;  Holzapfel et al., 2005]. There are only few reports on pediococci 

in human faeces or gastrointestinal tract. Bullock et al. (2004) were able to detect P. 

acidilactici in fecal samples during remission of active ulcerative colitis but not 

during the active phase. Since it also produces a bacteriocin-like inhibitory 

compound, this strain may prevent colonization by enteropathogenic bacteria with its 

antagonistic effects in the human GI tract. However, the proteinaceous antilisterial 

compound needs first to be purified and characterized. The use of primers for 

pediocin gene detection may be a first step in the identification of the compound 

[Rodriguez et al., 1997]. In addition, this is only the second report on a bacteriocin-

producing Pediococcus acidilactici strain isolated from human faeces. Only recently, 

Millette et al. (2007), isolated other P. acidilactici strains from human faeces. It can 

be expected that with better isolation and identification methods, even more strains 

will be identified. 
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5.7 Description of Pediococcus acidilactici UVA1 

 

Pediococcus acidilactici UVA1 is a non-spore-forming, Gram-positive, catalase-

negative, non-haemolytic and non-motile cocci usually appearing in pairs. It grows 

anaerobic and aerobic on MRS agar supplemented with 0.05 % L-cysteine 

hydrochloride or in liquid media of the same composition. The growth temperature 

ranges from 15 °C to 50 °C. Best growth in MRS-C without pH adjustment was 

detected at 40 °C with a growth rate of 1.05 h-1. 

L-Arabinose, D-Ribose, D-Xylose, D-Galactose, D-Glucose, D-Fructose, N-

Acetylglucosamine, Arbutin, Esculin ferric citrate, Salicin, D-Cellobiose, Gentobiose 

and D-Tagatose are fermented. Glycerol, Erythritol, D-Arabinose, L-Xylose, D-

Adonitol, Methyl-BD-Xylopyranoside, D-Mannose, L-Sorbose, L-Rhamnose, 

Dulcitol, Inositol, D-Mannitol, D-Sorbitol, Methyl-AD-Mannopyranoside, Methyl-

AD-Glucopyranoside, Amygdalin, D-Maltose, D-Lactose (bovine), D-Melibiose, D-

Saccharose, D-Trehalose, Inulin, D-Melezitose, D-Raffinose, Amidon (starch), 

Glycogen, Xylitol, D-Turanose, D-Lyxose, D-Fucose, L-Fucose, D-Arabitol, L-

Arabitol, Potassium-Gluconate, Potassium-2-Ketogluconate, Potassium-5-

Ketogluconate are not fermented. Two extra-chromosomal elements were detectable. 

The partial 16 S rDNA consisted of 1492 bp.  
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6 Conclusion and Outlook 
 

The first hypothesis of this study was that Bifidobacterium sp. RBL67 previously 

isolated from baby faeces [Touré et al., 2003] is a new species of the genus 

Bifidobacterium. Secondly, production of bacteriocin in a semi-defined medium by 

Bifidobacterium sp. RBL67 can be increased using repeated cycle batch 

fermentations. This bacteriocin can then be purified and characterized for the first 

demonstration of a bacteriocin from bifidobacteria. 

Using a polyphasic approach, strain RBL67 was identified as Bifidobacterium 

thermophilum. Although this is not a new species, according to our knowledge, this 

research is the first demonstration of B. thermophilum in human faeces. Until this 

finding, the growth of bifidobacteria above 46 °C was a phenotypic characteristic 

which was used to distinguish human derived species from animal derived species 

(growing at temperature > 46 °C). Based on our data, this definition must be revised. 

The phenotypic characteristics of strain RBL67 are technologically very promising 

because it can grow in a broad pH range from pH 4 to pH 8 and temperature range 

from 25 °C to 47 °C. Furthermore, the strain is aerotolerant (growing at 2.5 % oxygen 

in reduced liquid medium).  

The use of repeated cycle batch fermentations was successfully applied for enhancing 

bacteriocin production. Repeated cycle batch (RCB) fermentations were performed in 

a semi-defined medium (Perrin medium) which decreased contaminations with other 

proteins for further purification. Several pH-temperature combinations were 

evaluated. Highest bacteriocin production of 256 AU ml-1 was achieved at pH 5.5 and 

35 °C after a fermentation time of 4 h, for a volumetric bacteriocin productivity of 64 

AU ml-1 h-1 which was 24 times higher that that measured for to free cell batch 

fermentations at pH 6 and 40 °C (2.7 AU ml-1 h-1).  The highest volumetric activity of 

80 AU ml-1 h-1 was measured at pH 6 and 40 °C using RCB fermentations. Using 

RCB fermentations, the fermentation time in Perrin medium at 40 °C and pH 6 could 

be drastically decreased from 24 h for batch cultures to 2 h. The beads could be stored 

at –80 °C in skim milk for 4 months without loss of activity which showed the ability 

of long term storage of immobilized cells.  
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The purification of thermophilicin B67 was difficult as the classical purification 

strategies for bacteriocins failed. Because the bacteriocin was produced at low 

concentration, ammonium sulphate precipitation was not performed to avoid large 

loss of activity. Methanol-acetone extraction was chosen for first purification step, 

indicating that the bacteriocin is very hydrophobic. However, this characteristic lead 

to problems for further purification steps and analysis, especially SDS-PAGE. 

Thermophilicin B67 was purified to a single peak and a single band on SDS-PAGE 

after one semi-preparative and two analytical HPLC runs on C18 columns using a 

water-acetonitrile gradient. The activity, however, was lost after the second HPLC run 

which could be either due to the low concentration of thermophilicin B67 after all 

purification steps or thermophilicin B67 being a complex bacteriocin with more than 

one subunit. Although one band on SDS-PAGE was detected after HPLC, it could not 

be proven that the band is related to thermophilicin B67 since no activity could be 

detected after the activity test of the gel. However, we assume that this band, which 

corresponded to a molecular size of approx. 5 to 6 kDa, is thermophilicin B67. Active 

fractions after HPLC were used for amino acid sequence determination using Edman 

degradation and molecular weight determination using MALDI-TOF. With MALDI-

TOF, two distinct peaks were detected at a molecular weight size of 5381.6 Da and 

5796.8 Da, respectively. Edman degradation failed which either was related to the 

hydrophobic properties or inhibition of the degradation reaction. To complete the 

identification of thermophilicin B67 improved methods for determination of the 

amino acid sequence of thermophilicin B67 must be found.  

B. thermophilum RBL67 was identified and partly characterized in this study which is 

a prerequisite for potential application in foods. The antibiotic resistance profile was 

reported in another study together with the determination of the tolerance to nisin 

[Kheadr et al., 2004]. If it is intended to use the strain as probiotic in food, a general 

safety assessment of the strain should be performed. If the strain has any pathogenic 

properties like possible haemolytic activity or intrusion factors, it should be rejected. 

Furthermore, potential probiotic properties of B. thermophilum RBL67 should be 

examined using in vitro and in vivo tests. One possible effect could be that B. 

thermophilum RBL67 supports the stability of the microflora in the gastrointestinal 

system by being competitive against enteropathogenic bacteria without affecting 

commensal bacteria. It has been recently shown with in vitro studies with Escherichia 
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coli O157:H7 and Caco-2 cells  [Gagnon et al., 2004]. Some studies suggested also 

that bifidobacteria stimulate the immune system and therefore strengthen the self-

protection against pathogens. This property of Bifidobacterium sp. RBL70, which was 

a co-isolate of strain RBL67, was shown in a mouse model. Feeding this related strain 

resulted in higher E. coli O157:H7 specific IgA levels in faeces and IgG and IgM 

levels in serum [Gagnon et al., 2006]. However, such effect can be strain dependent 

and must be tested with strain RBL67.  

Since B. thermophilum RBL67 was isolated from baby faeces, it can be assumed that 

it is well adapted to the gastrointestinal tract, especially for babies. However, this 

property has to be tested, particular adhesion using a Caco-2 cell in vitro model and in 

vivo colonization in the gastrointestinal tract. Since B. thermophilum RBL67 was 

isolated from baby faeces, it is probably best adapted to the gastrointestinal tract of a 

baby. However, one should take into account that it is almost impossible that 

probiotics will colonize the gastrointestinal tract where the microflora has already 

been established. In those cases, colonization resistance will occur and the added 

probiotics will be washed out of the intestine after feeding is stopped [Bauer et al., 

2006;  Vollaard and Clasener, 1994;  Vollaard et al., 1990]. It can be assumed that if 

strain RBL67 is used as probiotic in baby food, it is more likely that the bifidobacteria 

cells will colonize the gastrointestinal tract in an early stage of the life than in adult. 

For developing the strain RBL67 into products, the technological properties and 

viability in industrial processes and products, like survival to freeze drying, spray 

drying and growth/survival properties in food matrices should also be assessed. It is 

important that the strain survives well these processes and remains viable in food 

since it is well accepted that probiotic foods must contain at least 106-107 viable cells 

per ml or g. 

Possible interactions of thermophilicin B67, which is active against Listeria 

monocytogenes, with human intestinal microflora must be studied. For this, the 

bacteriocin must first be purified and produced in significant amounts, which will 

require further optimization and up scaling of the fermentation process using RCB 

cultures with immobilized cells. This is also a prerequisite to determine the amino 

acid sequence using Edman degradation since the purification strategy applied in this 

study can separate the compound from the supernatant. For the successful application 

of Edman degradation, the conditions for the method should be adjusted as 
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thermophilicin B67 is very hydrophobic. As well the peptide could be cyclic or N-

terminal capping could occur which would block Edman degradation [Steen and 

Mann, 2004]. It should also be determined whether thermophilicin B67 is a complex 

compound, it could be that the peptide alone is not active and needs an unknown co-

factor. 

To determine the interactions of thermophilicin B67 within the gastrointestinal tract, 

however, much more purified material would be needed or the freeze-dried methanol-

acetone extract could be eventually directly used. Bacteriocin production could be 

eventually further increased by adding a small amount of thermophilicin B67 from the 

beginning of the fermentation. This self-induction was already described for nisin.  

Once the amino acid sequence, or a partial sequence, is analyzed, the corresponding 

gene and operon can be derived. The gene could then be cloned and over-expressed in 

a fast growing strain to increase thermophilicin B67 production. Such heterologous 

expression was already successfully applied to pediocin PA-1 which was expressed in 

Escherichia coli and in Bifidobacterium longum [Moon et al., 2006;  Moon et al., 

2005]. With the knowledge of the corresponding operon, it will be possible to show 

the induction mechanism and eventually specifically increase the bacteriocin 

production by B. thermophilum RBL67. 

To apply the antimicrobial properties of B. thermophilum RBL67 in food it could be 

more advantageous to use living cells than purified bacteriocin, for the following 

reasons: 

Since the bacteriocin is produced in very low amounts, the purification will be very 

expensive and time-consuming. As well a safety assessment of thermophilicin B67 

would be needed. With the culture, an in situ production of thermophilicin B67 could 

be done and in addition to the protective effect, a probiotic effect could be claimed 

when proven. However, the influence of the food matrix on B. thermophilum RBL67 

viability and bacteriocin production and vice versa B. thermophilum RBL67 on food 

quality should be tested. Most applications, however, will be limited to fermented 

foods since high cell counts (mostly exceeding 106 cfu g-1 food) are not allowed in 

non-fermented food products in many countries. 

In this study, the co-isolated strain UVA1 was successfully identified as Pediococcus 

acidilactici. This is the second report about a bacteriocin-producing P. acidilactici 

strains isolated from human fecal samples [Millette et al., 2007]. Since there are only 
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few studies describing Pediococcus acidilactici strains in human faeces, it would be 

interesting to screen other fecal samples for P. acidilactici or other Pediococcus 

strains. For a first screening, molecular methods using species-specific PCR probes 

could be used. However, suitable specific probes are limited and a species specific 

PCR-system should be developed first. Using a selective medium like PSM [Simpson 

et al., 2004a], pediococci could be isolated and directly characterized and screened for 

antimicrobial activity. This could also be done using a PCR-based method targeting 

the pediocin-producing operon. However, the detection of the operon may not be a 

final proof of pediocin production because a strain can have the operon but its genes 

may not be expressed. 

An interesting aspect is the co-existence of B. thermophilum RBL67 and P. 

acidilactici UVA1 in a stable culture. It would be interesting to study the interactions 

between these strains and particularly the factors explaining the stability of the co-

culture. Co-cultivation experiments using free cell or immobilized cell fermentations 

may give new information on these bacterial interactions. In a next step, this co-

culture could be studied in a gastrointestinal model to evaluate its probiotic potential. 

This study may bring new knowledge on bacterial interactions in the human 

gastrointestinal tract and lead to the development of new probiotic mixed culture.  
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Appendix A: Purification strategies applied for 
the purification of thermophilicin B67 

 
Several strategies were tested during the purification of thermophilicin B67, based on 

purification strategies established for other bacteriocins or proteins. The methods used 

will be shortly described but the results will not be shown since purification using 

these methods failed. Because thermophilicin B67 was produced at a very low 

concentration, the main objective was to limit as much as possible the number of 

purification steps and select strategies with the highest yield. 

 

A.1 Chromatographic methods 

 

A.1.1 Ion exchange chromatography  

 

Many purification strategies for bacteriocins involve ion exchange chromatography. 

Since most bacteriocins have a cationic character [Cotter et al., 2005], cation 

exchange chromatography is primarily used for bacteriocin purification. 

The first attempt to purify thermophilicin B67 was by using the protocol described by 

Tahiri et al. (2004) for divergicin M35. This protocol allowed the purification of 

divergicin M35 with three chromatographic steps. Shortly, the supernatant was loaded 

on a SP Sepharose FF column (Amersham Biosciences, Otelfingen, Switzerland) and 

eluted with a sodium chloride gradient in 50 mM ammonium-acetate buffer (pH 4.6). 

The second step was a solid phase extraction on SepPack C18 column (Waters, 

Rupperswil, Switzerland) with a water–acetonitrile gradient. The last step was a 

separation on a C18 HPLC-column (Phenomenex, Aschaffenburg, Germany) using a 

water-acetonitrile gradient.  

For thermophilicin B67 this strategy failed already at the first step. With 

unconcentrated supernatants, no activity was detected in any fractions, not even in the 

flow through. However, using methanol-acetone extraction prior to cation exchange 
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chromatography resulted in the detection of the compound in the flow-through 

indicating that it did not bind to the column. The same column was then tested with 

sodium phosphate buffer at a concentration of 50 mM adjusted to either pH 3, 6 or 7 

with no success. At a later stage, sodium phosphate buffer at pH 3 supplemented with 

either sulfobetaine 12 or Triton X-100 was tested but this also failed (for more info, 

see below in the section SDS-PAGE protocols). 

 

A.1.2 Hydrophobic interaction chromatography 

 

Some methods for bacteriocin purification also used hydrophobic interaction 

chromatography (HIC) [Hoick et al., 1996], because hydrophobicity is a known 

property of many bacteriocins. Thermophilicin B67 was very hydrophobic; therefore 

HIC was tested as first chromatographic step for purification. Since there are many 

possibilities for HIC, e. g. different columns, buffers, pHs and concentrations of 

buffers, only one condition, i. e. 50 mM sodium phosphate buffer at pH 7 and a 

starting concentration of 1 M ammonium sulphate, was tested. Using the hydrophobic 

interaction chromatography test kit from Amersham Biosciences (HiTrap HIC 

selection Kit, 11-0034-53, Amersham Biosciences, Otelfingen, Switzerland), a high 

and a low substituted phenyl Sepharose and octyl Sepharose were selected. However, 

no activity was detected in any fractions and no distinct peak could be determined 

with any of these columns. Since only supernatants were tested, the failure to detect 

any activity could be related to the too small amount of thermophilicin B67 in the 

sample. We did not attempt to change the buffer system, elution salt or gradient. 

Although not extensively tested, the method may not be appropriate for 

thermophilicin B67 because it uses similar salting out effect as for example 

ammonium sulphate precipitation.  
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A.1.3 Reversed phase (RP) HPLC 

 

Most of the purification protocols end with HPLC using reversed phase 

chromatography with a C18 column prior amino acid sequencing or mass 

determination using MALDI-TOF [Tahiri et al., 2004;  Wescombe and Tagg, 2003]. 

After methanol-acetone extraction, we also used this step for thermophilicin B67 (see 

above, chapter 4). However, for speeding up the process, the flow rate may be 

increased and the gradient could be shortened after successful collection of the active 

fraction. Due to its molecular size and strong hydrophobicity, thermophilicin B67 

may be even better separated by using a C8 column [Wescombe and Tagg, 2003]. 

Usually, strong hydrophobic peptides within molecular range from 1 to 10 kDa are 

better separated with a C8 or even C4 column than with a C18 column (Fig. A-1) 

[GraceVydac, 2006].    

 
Fig.  A-1: Column selection guide for RP-HPLC columns based on molecular weight and hydrophobic 

properties (after “The handbook of analysis and purification of peptides and proteins by reversed phase 

chromatography” [GraceVydac, 2006]) 

 

Taking into account the assumed properties of thermophilicin B67 (approx. 5-6 kDa 

molecular weight and strong hydrophobicity), it would be better to use a large pore 

C8 column as shown in Fig. A-1.  Since the exact properties of thermophilicin B67 

are not known yet, it could also be that both type of columns, large pore C18 and 

large pore C8 columns, are suitable for thermophilicin B67 purification. 
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Another chromatographic method which was recently established is hydrophilic 

interaction chromatography (HILIC). This technique is actually the “opposite” of 

reversed phase HPLC. Instead of using e. g. a water-acetonitrile gradient, an 

acetonitrile-water gradient is used [Yoshida, 2004]. It could be worth to try this 

approach although not many columns are available because this may allow a better 

resolution in the chromatography process.  

 

A.2 Ultrafiltration 

 

Ultrafiltration is a commonly used concentration method for proteins which also 

allows a first cleaning from impurities smaller than the targeted compound. For 

bacteriocins, ultrafiltration has not been used much yet and only a recent report 

described the successful application of ultrafiltration for bacteriocins from 

bifidobacteria [Collado et al., 2005b]. 

Two reconstituted cellulose filtration membranes with different molecular weight 

retention sizes have been used for the concentration of thermophilicin B67: 3 kDa and 

10 kDa. After filtration of the supernatant of B. thermophilum RBL67 with a 10-kDa 

filtration membrane, activity was still detected in the filtrate. Therefore, a 3-kDa 

membrane was selected for the concentration of thermophilicin B67. After 

ultrafiltration of the supernatant with 3 kDa, all activity remained in the retentate and 

no activity in the filtrate could be detected anymore. However, compared to methanol-

acetone extraction, the yield and purification factor was much lower (Table A-1).  

With methanol-acetone extraction, a total enrichment factor of 7.9 can be reached 

which was about twice as high as with ultrafiltration with a molecular weight cut-off 

of 3 kDa. The specific activity was also much higher (approx. 3 times) using 

methanol-acetone extraction than with ultrafiltration (Table A-1). This was also an 

indication that thermophilicin B67 was more efficiently separated with methanol-

acetone extraction than with ultrafiltration. Therefore, methanol-acetone extraction 

was selected for the purification of thermophilicin B67. However, the ultrafiltration 

yield is 35 % which is about 3.5 times higher than with methanol-acetone extraction.  
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Table A-1:  Comparison of two purification strategies for thermophilicin B67, ultrafiltration and 

methanol-acetone extraction.  

 
Volume 

(ml) 

Activity 

(AU ml-1) 

Total 

Activity 

(AU) 

Proteins 

(mg ml-1) 

Total 

Proteins 

(mg) 

Specific 

Activity 

(AU mg-1) 

Total 

enrichment 

factora 

UFb 3 kDa 

Supernatant 500 6.4 3200 4.38 2190 1.46 1.00 

Retentate 40 32.0 1280 6.93 277.2 4.62 3.16 

Filtrate 455 0.0 0 3.194 1453.3 0.00 0.00 

Methanol-Acetone-Extraction 

Supernatant 500 6.4 3200 4.38 2190 1.46 1.00 

Freeze dried 

SNc 
50 64.0 3200 16.82 841 3.80 2.60 

Acetone-

Extract 
2.42 128.0 310 11.09 26.8 11.54 7.90 

a Total enrichment factor: Specific Activity after treatment/specific activity supernatant 
b UF: Ultrafiltration 
c SN: Supernatant 

 

A.3 Dialysis 

 

Dialysis is a similar technique as ultrafiltration by selecting and concentrating 

compounds larger than the cut-off of the membrane. In contrast to ultrafiltration, 

however, a buffer exchange is also performed and the concentration of compounds 

smaller than the selected cut-off decreases. In ultrafiltration, those compounds remain 

at the same concentration. The disadvantage of dialysis is that a large volume of 

buffer (usually 1000 times the sample volume) has to be used. Dialysis is nevertheless 

a very useful tool for buffer exchange to prepare samples e.g. for chromatography. 

For bacteriocins, not many studies used dialysis in the purification protocol. In most 

cases, dialysis was used after ammonium sulphate precipitation [Budde et al., 2003;  

Deraz et al., 2005;  Huot et al., 1996]. Only a recent study used dialysis with a 

molecular weight cut-off of 6-8 kDa as first step in the purification of a bacteriocin 

from Lactobacillus paracasei HL32 [Pangsomboon et al., 2006].  

For thermophilicin B67, dialysis was tested using the concentrated supernatant and 

the methanol-acetone extract. Since ultrafiltration with a molecular weight cut-off of 

3 kDa was successfully applied, a 3.5 kDa dialysis (SpectraPor 3, reconstituted 
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cellulose, Spectrumlabs) membrane was used. As dialysis buffer, 50 mM ammonium 

acetate buffer pH 4.6 was used. The dialysis was run fur 24 h at 4 °C under slow 

stirring against 1000 volumes of the sample. In both cases, using concentrated 

supernatant or methanol-acetone extract, the retentate did not show any activity 

anymore, even after 10 times concentration. The filtrate was not tested for activity 

since ultrafiltration with a cut-off of 3 kDa was successful and it was assumed the 

compound did not pass the dialysis membrane. Furthermore, the high dilution volume 

would have required an additional concentration step. 

In a later stage, for adaptation of the methanol-acetone extract for SDS-PAGE 

analysis, detergents were added to the buffer and the sample. This was done to take 

into account the very hydrophobic properties of the compound. The use of detergents 

for SDS-PAGE analysis was suggested for membrane proteins or lipo-proteins [Fricke 

et al., 1995;  le Maire et al., 2000]. For thermophilicin B67 Tween 20, Triton X-100 

and Sulfobetaine 12 (SB12) were tested. For dialysis of the methanol-acetone extract, 

detergents were added to the buffer and the extract at concentrations shown in table 

A-2. 

 
Table A-2: Detergents and its concentrations used for dialysis of the methanol-acetone extract in 50 

mM ammonium acetate buffer pH 4.6. 

 Sample Buffer 

Triton X-100 2 or 4 % (w/v) 0.2 % (w/v) 

Tween 20 2 % or 4 % (w/v) 0.2 % (w/v) 

Sulfobetaine 12 (SB12) 2 % (w/v) 0.2 % (w/v) 

 

Tween 20 was not successful at any tested concentration since no activity could be 

recovered after dialysis. Triton X-100 and Sulfobetaine 12 (SB12) retained the 

activity. The retentate after dialysis with 50 mM ammonium acetate supplemented 

with SB12 was then subjected to ion exchange chromatography as described by 

Fricke et al. (1995) using 50 mM ammonium acetate buffer (pH 4.6) supplemented 

with 0.2 % SB12 with a sodium chloride gradient. After concentration with freeze 

drying, all fractions inhibited the growth of L. ivanovii HPB28. This was clearly due 

to SB12 which inhibited the growth of strain HPB28 at a concentration higher than 1 

%. Addition of SB12 to the sample is therefore not suitable for purification due to its 

interaction with the activity test. 



Appendix Purification strategies 

 

A-7 

Triton X-100 was also not further investigated because already at a concentration of 

0.2 % (w/v) it inhibited L. ivanovii HPB28. The retentate was also active against 

L. ivanovii but this activity was related to Triton X-100. Nevertheless, the use of 

detergents could help to resolubilize the methanol-acetone extract in water for further 

analysis. However, a screening for a suitable detergent not active against L. ivanovii 

HPB28 should be done. The selected detergent may be used in combination with or 

instead of SDS in SDS-PAGE analysis (see below). 

 

A.4 Polyacrylamide gel electrophoresis (PAGE) 

 

A.4.1 SDS-PAGE 

 

 

First, discontinuous SDS-PAGE was performed with the method described by 

Schägger and von Jagow (1987) with the modifications and the protocol for activity 

staining of SDS-gels described by Bhunia et al. (1987). The supernatant, the freeze 

dried supernatant or the retenate after ultrafiltration of the supernatant of 

B. thermophilum RBL67 were loaded and migration in the gel occurred regularly. The 

protein bands could be made visible using standard coomassie blue staining or silver 

staining. However no activity was detected using the activity staining method with L. 

ivanovii HPB28 as indicator. The lack of an active band in the activity test may be 

related to the low concentration of the compound or to denaturation of the peptide by 

SDS and heat treatment prior loading on the gel.  

Loading of the methanol-acetone extract was not as easy as a standard SDS-PAGE 

assay. The sample was difficult to load (lower density than the SDS-buffer, even with 

loading dye) and did not migrate using the protocol above. Several other 

discontinuous SDS-PAGE systems were then tested by changing SDS concentration, 

varying pH of the system, changing SDS concentration of the gels or varying the 

concentration of glycerol in the loading dye (see below). All systems were tested with 

the aim to optimize migration of the methanol-acetone extract into the gel for the 

separation of the proteins. All tested conditions failed and only the use of pre-made 

gels allowed the migration of the active fraction after preparative HPLC. However, 
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proteins from the crude methanol-acetone extract could not be separated using any 

tested PAGE system. 

In a first step, only the loading dye and the volume of the loaded sample were 

changed. To increase density of the sample, the glycerol concentration was doubled. 

This helped to load the sample but did not change the migration behaviour. An 

increase in the sample concentration also did not result in better sample migration. In 

addition, by adding higher protein concentration, precipitation within the loading dye 

occurred (probably due to SDS). 

Since the compound was very hydrophobic, the addition of 4 % SDS in the stacking 

gel and the cathode buffer was tested. However, no positive result was achieved with 

this method, either. The “high” concentration of 4 % SDS also lead to solubilisation 

problems of SDS and the solutions had to be slightly heated (up to 70 °C). 

Since the pore size of the gel had an impact on the migration behaviour of proteins 

and it is directly related to the concentration of acrylamide, this later parameter was 

varied. In the method described above, the gel contained 16.5 % acrylamide. This 

concentration was decreased to increase pore size aiming for a better migration of the 

peptides in the methanol-acetone extract which may form micelle-like structures for 

protection against the hydrophilic phase impeding migration. However, 12 % and 

even only 8.8 % acrylamide did not enable the migration of the proteins from the 

methanol-acetone extract.  

Since pH could also affect the running conditions and the solubility of proteins, a 

lower pH than routinely used in the protocol above was tested. Since bacteriocins are 

usually more active and stable at lower pH it was also expected, that it may help to 

detect an active band in the activity-stained gel could be detected. The pH of the 

running buffers was set to 5.0 whereas the pH of the stacking gel was set to 4.08 and 

the separation gel to pH 5.01. The SDS concentration was 0.4 % in both gels. 

However, using these conditions, it was not able to run a gel since the SDS 

precipitated in the gel during polymerization.  

As last trial, a continuous SDS-PAGE system was performed. The gel and the buffers 

were made as described by Schägger and von Jagow (1987) but the stacking gel was 

avoided. However, this method also failed and the proteins in the methanol-acetone 

extract did not migrate into the gel matrix. 
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A.4.2 Native PAGE 

 

Because SDS-PAGE was not successful for activity determination, it was assumed 

that the loss of activity could also be related to denaturation of the protein by SDS. To 

avoid this possible denaturation, native PAGE was performed. This also allowed 

replacing SDS with other detergents to take into account the strong hydrophobicity of 

thermophilicin B67. 

As starting point, the standard protocols for a discontinuous native PAGE system as 

suggested in the manual for protein gel electrophoresis of Bio-Rad (Mini-Protein 3 

Cell, Instruction Manual, Bio-Rad, Hercules, CA, USA) was selected. Gels with 8 % 

and 6 % acrylamide were tested. For the stacking gel, the acrylamide concentration 

was set to 4 %. Although the supernatant and freeze dried supernatant of B. 

thermophilum RBL67 migrated into the gel and bands could be detected (but with a 

lower resolution than for SDS-PAGE), no activity was detected in the gel using the 

activity-staining method [Bhunia et al., 1987]. The methanol-acetone extract did not 

migrate at all and it was almost impossible to load the sample into the well. 

Because the migration in native PAGE is pH-dependent, a continuous native PAGE 

system was also tried. The pH of the system was adjusted to pH 5.0, pH 8 and pH 8.8. 

Buffers were prepared as described in the Bio-Rad manual and by Chrambach and 

Jovin (1983). The protein profile of the supernatant on the gels changed using these 

methods but nevertheless, no active band could be detected and the methanol-acetone 

extract still did not migrate. 

Then SDS was replaced with another detergent since for membrane proteins or lipo-

proteins, various detergents have been suggested in other studies [Akin et al., 1985;  

Dewald et al., 1974]. Sulfobetaine 12, Triton X-100 and Tween 20 already used for 

dialysis were also tested to replace SDS for PAGE. Polymerization of the gels could 

be done with all detergents but with Triton X-100 and Tween 20 the gel was very soft 

and difficult to handle after removing the glass plates. Nevertheless, no improvement 

compared to SDS or native PAGE could be observed. 
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A.5 Other extraction methods 

 

Methanol-acetone extraction is cumbersome and time-consuming. Therefore, other 

methods were evaluated for this purpose.  

 

A.5.1 2-Butanol extraction 

 

A 2-butanol extraction was described by Portrait et al. (1999) to purify microcin J25 

produced by E. coli. This peptide was also very hydrophobic. Shortly, the supernatant 

of B. thermophilum RBL67 (500 ml) was 6.5 fold concentrated using rotary 

evaporation and then three times extracted with 2-butanol (2:1). The organic phase 

was then evaporated to dryness and resuspended in HPLC-grade water (approx. 5 ml, 

just as much as needed for complete resolubilization). The activity was completely 

recovered in the organic phase. No activity could be detected in the water and the 

intermediate phase. However, the resulting sample was very viscous and the injection 

on HPLC resulted in pressure problems. Loading the sample on SDS-PAGE resulted 

in similar problems as described above for the methanol-acetone extract. 

This method seemed to be useful for a fast partial purification of thermophilicin B67 

and could be used for fast preparation of thermophilicin B67 for determination of the 

inhibition spectrum. To follow the production of thermophilicin B67 during growth of 

B. thermophilum B67, this method could only be used if sample volumes larger than 

20 ml are available or the method should be further optimized. The quantification of 

thermophilicin B67 concentration in a sample using 2-butanol extraction can be done 

but the method should then be further optimized and evaluated. 
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A.5.2 Methanol-chloroform extraction 

 

Due to the hydrophobic properties of thermophilicin B67 and the failure to detect any 

activity on SDS-PAGE, it was assumed that thermophilicin B67 could be a lipo-

protein. Kim et al. (2004) used methanol-chloroform (2:1, v/v) as second step to 

purify a cyclic lipoprotein from Bacillus thuringiensis CMB26. Prior to extraction, 

they precipitated the protein by adding 3 N HCl to the cell-free supernatant to a final 

pH of 2. The precipitate was then subjected to extraction. The resulting extract was 

then evaporated to dryness and resuspended in methanol prior separation on reversed-

phase HPLC on a C18 column with a water-acetonitrile gradient. 

Since the yield using precipitation is usually low, this step was avoided when using 

the methanol-chloroform extraction. Instead, the concentrated supernatant of 

B. thermophilum RBL67 was used. However, using this extraction method, all activity 

was lost. If thermophilicin B67 is a multi-unit protein, the reason could be that using 

methanol-chloroform extraction the units were separated and the activity was lost.  

Methanol-chloroform extraction is therefore not a suitable method for the purification 

of thermophilicin B67. It would remain to be tested whether a precipitation step (e. g. 

using 3 N HCl to decrease pH to 2) would result in a recovery of the activity. 

However, in case of a multi-unit protein which is separated by methanol-chloroform, 

the precipitation step would also result in the separation of the different units in the 

extraction step. 
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Appendix B: Multiple alignments of partial 
groEL sequences (HSP60) from Bifidobacterium 
sp. 
An alignment of the partial groEL sequence of B. thermophilum subsp infantis with 

sequences from other Bifidobacterium strains is shown below. The strains listed were 

used for sequence analysis to build the tree in Fig. 2-2. For comparison, the partial 

groEL sequence of Bacillus subtilis W168 was also included. All sequences are 

prefixed with their accession number of the GenBank, except B. subtilis W168 which 

is named BACGROESL.  
Abbreviations: Accession number and corresponding bacterial name. 

AF210319 Bifidobacterium adolescentis AY004283 Bifidobacterium cuniculi 

AY004282 Bifidobacterium animalis subsp. 

lactis 

AF286736 Bifidobacterium pseudolongum 

subsp. globosum 

AF240565 Parascardovia denticolens AY013247 Bifidobacterium choerinum 

AY004281 Scardovia inopinata DQ340558 Bifidobactgerium thermophilum 

subsp. infantis 

AY004273 Bifidobacterium animalis AY004276 Bifidobacterium thermacidophilum 

AF240572 Bifidobacterium dentium AY166561 Bifidobacterium thermacidophilum 

subsp. porcinum 

AY004274 Bifidobacterium 

pseutocatenulatum 

AF240567 Bifidobacterium thermophilum 

AY004272 Bifidobacterium catelunatum AY004285 Bifidobacterium boum 

AF240571 Bifidobacterium ruminatium AF240569 Bifidobacterium magnum 

AY004277 Bifidobacterium merycicum AF240575 Bifidobacterium gallicum 

AF240568 Bifidobacterium angulatum AF240570 Bifidobacterium asteroides 

AY004278 Bifidobacterium pullorum AF240574 Bifidobacterium indicum 

AY004279 Bifidobacterium gallinarum AY004275 Bifidobacterium coryneforme 

AY004280 Bifidobacterium bifidum AY339132 Bifidobacterium psychraerophilum 

AY013248 Bifidobacterium longum bv. suis AY004284 Bifidobacterium minimum 

AF240578 Bifidobacterium longum AY339131 Aeriscardovia aeriphila 

AF240577 Bifidobacterium longum bv. 

infantis 

AY339130 Aeriscardovia aeriphila 

AF240566 Bifidobacterium breve BACGROESL Bacillus subtilis W168 (M81132) 
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